
Designation : B 5 – 00

Standard Specification for
High Conductivity Tough-Pitch Copper Refinery Shapes 1

This standard is issued under the fixed designation B 5; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for high
conductivity, tough-pitch, copper wire bars, cakes, slabs, bil-
lets, ingots, and ingot bars.

1.2 Copper under this specification corresponds to the
designations “ETP” (UNS C11000) and “FRHC” (UNS
C11020) as shown in Classification B 224. These coppers may
also be used to produce coppers corresponding to the follow-
ing:

Copper UNS No. Classification B 224 Designation

C11300, C11400, C11500, and C11600 STP
C12000 DLP
C12200 DHP
C12300 DHPS
C14500 DPTE

1.3 Although this specification includes certain UNS desig-
nations as described in Practice E 527, these designations are
for cross reference only and are not specification requirements.
Therefore, in case of conflict, this ASTM specification shall
govern.

1.4 Units—The values stated in inch-pound units are the
standard, except for electrical resistivity, which is expressed in
SI units. The values given in parentheses are mathematical
conversions to SI units, which are provided for information
only, and are not considered the standard.

2. Referenced Documents

2.1 ASTM Standards:
B 193 Test Method for Resistivity of Electrical Conductor

Materials2

B 224 Classification of Coppers3

B 846 Terminology for Copper and Copper Alloys3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 53 Test Method for Determination of Copper in Unal-
loyed Copper by Gravimetry5

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition5

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

E 527 Practice for Numbering Metals and Alloys (UNS)6

3. Terminology

3.1 For definitions of terms related to this specification,
refer to Classification B 224 and Terminology B 846.

4. Ordering Information

4.1 Include the following information, as applicable:
4.1.1 ASTM Specification Designation and year of issue,
4.1.2 Copper UNS No. Designation,
4.1.3 Quantity, shape, and dimension of each piece, and

weight,
4.1.4 Should cakes, slabs, or billets be ordered for electrical

use, it must be stated in the contract or purchase order, and
4.1.5 Silver content in silver-bearing shapes when required,

in troy oz per short ton.

5. Chemical Composition

5.1 The copper in all shapes shall meet the minimum
requirement for copper, including silver, of 99.90 %.

5.1.1 These composition limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established, and analysis required, by agreement between the
supplier and the purchaser.

5.2 For the STP (silver-bearing) coppers, the addition of
silver up to an average of 30 troy oz per short ton (0.10 %) will
be considered within the specification, with no individual silver
analysis to exceed 35 troy oz per short ton (0.12 %).

6. Physical Property Requirements

6.1 Electrical Resistivity:
6.1.1 The maximum mass resistivity for wire bars, cakes,

slabs, and billets for electrical use shall be 0.153 28V·g/
m2 (conductivity 100.0 % minimum, International Annealed
Copper Standard, (IACS)), at 68°F (20°C), annealed.

6.1.2 The maximum mass resistivity for other uses shall be
0.156 94V·g/m2 (conductivity 97.66 % minimum IACS), at
68°F (20°C), annealed.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.07 on
Refined Copper.

Current edition approved March 10, 2000. Published April 2000. Originally
published asB 5 – 11.Last previous editionB 5 – 95.

2 Annual Book of ASTM Standards, Vol 02.03.
3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.05. 6 Annual Book of ASTM Standards, Vol 01.01.
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6.1.3 The maximum mass resistivity for ingots and ingot
bars shall be 0.156 94V·g/m2 (conductivity 97.66 % minimum
IACS), at 68°F (20°C), annealed.

7. Dimensions, Mass, and Permissible Variations

7.1 Standard Sizes and Shapes of Wire Bars:
7.1.1 One size of mold shall be used for casting 200- to

230-lb (91- to 104-kg) wire bars, the bottom width of these
bars to be 31⁄2 in. (89 mm), the listed weights being 200 and
225 lbs (91 to 102 kg) (Fig. 1).

7.1.2 One size of mold shall be used for casting 240- to
300-lb (109- to 136-kg) wire bars, the bottom width of these
bars to be 4 in. (102 mm), the listed weights being 250, 265,
275, and 300 lbs (113, 120, 125, and 136 kg) (Fig. 2).

7.1.3 All bars shall be 54 in. (1.372 m) in length. The side
draft or taper shall be3⁄8in. (9.5 mm) in 4 in. (3⁄16 in. (4.8 mm)
in 4 in. on each side of the bar). The radius of the corners at the
bottom of the bars shall be5⁄8in. (15.9 mm). The end taper at
the bottom shall be 6 in. (152.4 mm) in overall length and
approximately 2 in. (50.8 mm)/ft (304.8 mm). The end taper of
the side shall be approximately 21⁄4in. (57.1 mm)/ft and the end
of the bar shall be approximately 33⁄8 in. (85.7 mm) in depth at
the point.

7.1.4 Wire bars not conforming to the requirements of Fig.
1 or Fig. 2, but otherwise meeting the requirements of this
specification, may be supplied by agreement between manu-
facturer and the purchaser.

7.2 Permissible Variations in Weight and Dimensions—A
permissible variation of65 % in weight or61⁄4 in. (6.3 mm)

in any dimension from the manufacturer’s published list or the
purchaser’s specified size shall be considered good delivery;
provided, however, that wire bars may vary in length61 %
from the listed or specified length, and cakes may vary63 %
from the listed or specified size in any dimension greater than
8 in. (203.2 mm). The weight of copper in ingots and ingot bars
shall not exceed that specified by more than 10 %, but
otherwise its variation is not important.

8. Workmanship, Finish, and Appearance

8.1 Wire bars, cakes, slabs, and billets shall be substantially
free of shrink holes, cold sets, pits, sloppy edges, concave tops,
and similar defects in set or casting. This requirement shall not
apply to ingots or ingot bars, in which physical defects are of
no consequence.

8.2 Blemishes of a nature that do not interfere with the
intended application are acceptable.

9. Sampling

9.1 For routine sampling, the sampling practice shall be at
the discretion of the sampler.

9.2 In case of dispute, a lot shall consist of all pieces the
same shape and size bearing a common single identifying
number.

9.3 Chemical Composition—In case of dispute concerning
chemical composition, sampling shall be in accordance with
Practice E 255.

9.4 Electrical Resistivity:
9.4.1 In case of dispute concerning the electrical resistivity,

Inch-Pound
Units

SI Units
Inch-Pound

Units
SI Units

3⁄16 in. 4.763 mm 37⁄8in. 98 mm
5⁄8 in. 15.875 mm 4 in. 102 mm
1 in. 25.4 mm 6 in. 152.4 mm

11⁄2 in. 38.1 mm 12 in. 304.8 mm
21⁄4 in. 57.15 mm 54 in. 1.372 m
31⁄2 in. 89 mm 200 lbs 91 kg
35⁄8 in. 92 mm 225 lbs 102 kg

FIG. 1 Copper Wire Bars, 200 and 225 lbs
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each party shall select two pieces from the lot. In the presence
of both parties, and by means mutually agreeable, a single
sample of adequate size shall be cut from each of the four
pieces and fabricated into a wire.

10. Number of Tests and Retest

10.1 Number of Tests:
10.1.1 The chemical composition shall be determined as the

mean of the results from at least three replicate analyses.
10.1.2 The mass resistivity shall be determined as the mean

of the observations from the test on the four wires.
10.2 Retest—In case of dispute, one retest may be made for

chemical composition determined as the mean of the results
from replicate analyses. In case of dispute concerning electrical
resistivity, 9.4 and 11.2 shall apply.

10.3 Umpire Test:
10.3.1 In the case in which the retest does not settle the

dispute, further retest may be made by a qualified third-party
laboratory agreeable to the producer and the purchaser. The
retest shall be made on the sample set aside for that purpose.

10.3.2 The umpire provision does not preclude other con-
tractual agreements.

11. Specimen Preparation

11.1 Chemical Analysis—The preparation of the analytical
specimen is the responsibility of the reporting laboratory.

11.2 Electrical Resistivity:
11.2.1 Each test sample shall be fabricated into a rod.
11.2.2 The external oxide shall be removed and the rod cold

drawn into a wire approximately 0.080 in. (2 mm) in diameter.

11.2.3 Each wire coil shall be cut into four wires of
approximately the same length, and the sixteen wires thus
obtained shall be individually identified. The sixteen wires
shall be divided into four groups of four wires each, one wire
from each of the four originally selected pieces; one group each
for the producer, the purchaser, contingencies, and the umpire.

11.2.4 The resulting specimen shall be annealed in an inert
atmosphere at approximately 932°F (500°C) for 30 min and
quickly cooled to ambient temperature in the same inert
atmosphere.

12. Test Methods

12.1 For routine testing, the methods of test shall be at the
discretion of the reporting laboratory.

12.1.1 The test method(s) to be followed for determination
of element(s) resulting from contractual or purchase-order
agreement shall be as agreed upon between the supplier and
purchaser.

12.2 In case of dispute concerning the minimum copper
content, the method of analysis shall be in accordance with Test
Method E 53.

12.3 In case of dispute concerning silver content of silver-
bearing shapes, the method of analysis shall be in accordance
with Test Methods E 478.

12.4 In case of dispute concerning the electrical resistivity,
the method of test shall be in accordance with Test Method
B 193.

13. Significance of Numerical Limits

13.1 Calculated values shall be rounded to the specified

Inch-Pound
Units

SI Units
Inch-Pound

Units
SI Units

3⁄16 in. 4.763 mm 43⁄4in. 121 mm
5⁄8 in. 15.875 mm 6 in. 152.4 mm
1 in. 25.4 mm 12 in. 304.8 mm

11⁄2 in. 38.1 mm 54 in. 1.372 m
21⁄4 in. 57.15 mm 250 lbs 113 kg
4 in. 102 mm 265 lbs 120 kg

43⁄16 in. 107 mm 275 lbs 125 kg
43⁄8 in. 111 mm 300 lbs 136 kg

FIG. 2 Copper Wire Bars, 250, 265, 275, and 300 lbs
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number of places in accordance with Practice E 29.

14. Inspection

14.1 The manufacturer or supplier shall inspect and make
tests necessary to verify the product furnished conforms to
specification requirements.

15. Rejection and Rehearing

15.1 Rejection—Product that fails to conform to the require-
ments of this specification is subject to rejection. Rejection is
to be reported to the producer or supplier promptly and in
writing. In case of dissatisfaction with the reasons for rejection,
the producer or supplier may make claim for a rehearing.

15.1.1 Rejection shall be considered as follows:
15.1.1.1 Chemical composition and electrical resistivity by

lots.
15.1.1.2 Physical defects by individual pieces.
15.1.1.3 Variations in weight or dimension by individual

pieces.
15.2 Rehearing:
15.2.1 As a result of product rejection, the supplier may

make claim for retest to be conducted by the producer or
supplier and the purchaser. Samples of the rejected product
shall be taken in accordance with this specification, or alter-

nately, upon agreement by both parties, an independent labo-
ratory may be selected for the tests using this specification
prescribed test methods.

16. Product Marking

16.1 Each wire bar, cake, slab, and billet shall be stamped,
or otherwise identified, with the producer’s brand and lot.

16.2 Ingots and ingot bars shall have the producer’s brand
stamped, or cast in, but need have no other number.

17. Packaging and Package Marking

17.1 The manufacturer shall arrange rail-car loads, truck
loads, or other shipping units so that, as far as possible, each
shipping unit shall contain pieces bearing a single identifying
lot number.

17.2 In case of dispute, a lot shall consist of all pieces of the
same shape and size bearing the same identifying number.

18. Keywords

18.1 billets; cakes; electrolytic copper; electrorefined cop-
per; electrowon copper; fire-refined copper; high-conductivity
copper; ingots; ingot bars; refinery shapes; slabs; tough-pitch
copper; wire bars

SUMMARY OF CHANGES

This section identifies changes to this specification that have been incorporated since the 1995 approval date:

(1) The Referenced Documents section has been expanded to
include Terminology B 846.
(2) The Terminology, Ordering Information, Workmanship,
Finish, and Appearance, Number of Tests and Retests, Speci-
men Preparation, Significance of Numerical Limits, Rejection
and Rehearing, and Keywords sections have been modified,

have had items removed, and/or have been expanded.
(3) The Inspection section has been replaced with recom-
mended ASTM Form and Style Book language.
(4) The Purchase for U.S. Government section and Supplemen-
tary Requirements have been deleted.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Designation: B 16/B 16M – 00

Standard Specification for
Free-Cutting Brass Rod, Bar and Shapes for Use in Screw
Machines 1

This standard is issued under the fixed designation B 16/B 16M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for free-
cutting brass rod, bar, wire, and shapes of any specified cross
section produced from Copper Alloy UNS No. C36000 suitable
for high-speed screw machining applications and moderate
thread rolling.

1.2 The values stated in either inch-pound units or in SI
units are to be regarded separately as the standard. Within the
text, the SI units are shown in brackets. The values stated in
each system are not exact equivalents; therefore, each system
shall be used independent of the other. Combining values from
the two systems may result in nonconformance with the
specification.

2. Referenced Documents

2.1 ASTM Standards:
B 249 Specification for General Requirements for Wrought

Copper and Copper-Alloy Rod, Bar, Shapes, and Forgings2

B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar Shapes and
Forgings [Metric]2

B 250 Specification for General Requirements for Wrought
Copper-Alloy Wire2

B 250M Specification for General Requirements for
Wrought Copper-Alloy Wire2

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast3

E 8/E 8M Test Methods for Tension Testing of Metallic
Materials3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

3. Ordering Information

3.1 Contracts or purchase orders for product furnished
under this specification shall contain the following informa-
tion:

3.1.1 ASTM specification designation and year of issue
(B 16/B 16M-XX).

3.1.2 Copper Alloy UNS No. designation (C36000, see
Section 6 and Table 1).

3.1.3 Temper (see Section 7 and Tables 2 and 3).
3.1.4 Product cross section form (for example, round, hex-

agonal, square, etc.).
3.1.5 Dimensions (see Section 9).
3.1.6 How furnished: straight lengths or coils (see 5.2).
3.1.7 Edge contours (see Section 9).
3.1.8 Quantity; total weight, footage, or number of pieces

for each size.
3.1.9 When product is purchased for applications requiring

thread rolling (see 1.1, Tables 2 and 3).
3.1.10 When product is purchased for agencies of the U.S.

Government (see Section 11).
3.2 The following options are available and shall be speci-

fied at the time of placing the order when required:
3.2.1 Tensile test for product1⁄2 in. [12 mm] and over (see

8.2.1).
3.2.2 Certification (refer to Specifications B 249 and

B 249M or B 250 and B 250M).
3.2.3 Mill Test Report (refer to Specifications B 249 and

B 249M or B 250 and B 250M).

4. General Requirements

4.1 The following sections of Specifications B 249, B 249M
(rod, bar, and shapes), B 250, and B 250M (wrought copper
alloy wire) constitute a part of this specification.

4.1.1 Terminology,
4.1.2 Materials and Manufacture,
4.1.3 Workmanship, Finish, and Appearance,
4.1.4 Sampling,
4.1.5 Number of Tests and Retest,
4.1.6 Specimen Preparation,
4.1.7 Test Methods,
4.1.8 Significance of Numerical Limits,

1 This specification is under the jurisdiction of ASTM Committee B-5 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Shapes, Wire, and Forgings.

Current edition approved Jan. 10, 2000. Published March 2000. Originally
published as B 16 – 17 T. Last previous edition B 16 – 92.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.06.
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4.1.9 Inspection,
4.1.10 Rejection and Rehearing,
4.1.11 Certification,
4.1.12 Test Report,
4.1.13 Packaging and Package Marking, and
4.1.14 Supplementary Requirements.
4.2 In addition, when a section with a title identical to those

referenced in 4.1 appears in this specification, it contains
additional requirements that supplement those appearing in
Specifications B 249, B 249M, B 250, and B 250M.

5. Materials and Manufacture

5.1 Material—The material of manufacture shall be a cast
billet of Copper Alloy UNS No. C36000 of such purity and
soundness as to be suitable for hot extrusion into rod, bar, wire,
and shaped products.

5.2 Manufacture—Product produced under this specifica-
tion shall be in straight lengths; however, it shall be furnished
in coils when so specified in the contract or purchase order (see
3.1.6).

6. Chemical Composition

6.1 The product shall conform to the chemical composi-
tional requirements specified in Table 1 for Copper Alloy UNS
No. C36000.

6.2 The UNS designated composition limits do not preclude
the possible presence of other unnamed elements; however,
analysis shall be made regularly only for the minor elements
listed in Table 1, plus either copper or zinc, or plus all major
elements except one. The major element that is not analyzed
shall be determine by difference between the sum of those
elements analyzed and 100 %. By agreement between producer
or supplier and purchaser, analysis may be required and limits
established for the elements not cited. Percentage content of
elements shown as “remainder” (rem.) is calculated by differ-
ence.

6.3 When all elements in Table 1 are analyzed, their sum
shall be 99.5 % min.

7. Temper

7.1 Tempers, as defined in Practice B 601, identified in
Tables 2 and 3 for product produced under this specification,
are as follows:

7.1.1 O60 (soft annealed).
7.1.2 H02 (half hard).
7.1.3 H04 (hard).
7.2 Rod and bar shall be furnished in the H02 (half hard)

temper, unless otherwise specified in the ordering information
(see 3.1.3).

8. Mechanical Property Requirements

8.1 Rockwell Hardness:

8.1.1 Product1⁄2 in. [12 mm], and over in diameter or
distance between parallel surfaces, shall conform with the
requirements given in Table 3 for temper, size, and form when
tested in accordance with Test Methods E 18.

8.1.1.1 Rockwell hardness shall be the acceptance criterion
for sizes1⁄2 in. [12 mm], or greater, based upon mechanical
properties, except when tensile requirements are specified as
the acceptance criteria in the ordering information.

8.2 Tensile Requirements:
8.2.1 When tensile requirements are specified, the product

shall conform to the requirements given in Table 2 for temper,
size, and form.

8.2.1.1 Tensile requirements shall be the acceptance criteria
of mechanical properties for product under1⁄2 in. [12 mm] in
diameter or distance between parallel surfaces when tested in
accordance with Test Methods E 8/E 8M.

8.2.1.2 When specified in the ordering information, tensile
requirements shall be the acceptance criteria based upon
mechanical properties for product1⁄2 in. [12 mm], or greater in
diameter or distance between parallel planes when tested in
accordance with Test Methods E 8/E 8M.

8.3 Shapes—Mechanical property requirements for shapes
shall be subject to agreement between the manufacturer and the
purchaser and the agreement shall be part of that contract or
purchase order.

9. Dimensions, Mass, and Permissible Variations

9.1 The dimensions and tolerances for bar, rod and shapes
produced under this specification shall be as specified in the
following tables and paragraphs in Specifications B 249 and
B 249M.

9.1.1 Diameter or Distance Between Parallel Surfaces:
9.1.1.1 Rod in Length—See Table 1.
9.1.1.2 Bar, Rectangular and Square—See Tables 8 and 10.
9.1.2 Shapes—Dimensional tolerances shall be subject to

agreement between the manufacturer and the purchaser and the
agreement shall be part of the contract or purchase order.

9.1.3 Length:
9.1.3.1 Rod, Bar, and Shapes—See Tables 13 and 14.
9.1.4 Edge Contours—Refer to the subsection titled “Edge

Contours” and Figs. 1, 2, and 3.
9.2 The dimensions and tolerances for wire product under

this specification shall be as specified in Table 1 and the related
section in Specifications B 250 and B 250M.

9.2.1 Wire, Coiled, Round—See Table 1.

10. Test Methods

10.1 Chemical Analysis:
10.1.1 Chemical composition shall, in case of disagreement,

be determined as follows:
Element Test Method

Copper E 478
Lead E 478 atomic absorption
Iron E 478
Zinc E 478 titrimetric

10.2 Test method(s) to be followed for the determination of
other element(s) resulting from contractual or purchaser order
agreement shall be as agreed upon between the manufacturer
and the purchaser.

TABLE 1 Chemical Requirements
Copper Alloy UNS No. C36000

Element Composition, %

Copper 60.0 - 63.0
Lead 2.5 - 3.7
Iron, max 0.35
Zinc remainder

B 16/B 16M
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11. Purchases for U.S. Government Agencies

11.1 Product purchased for agencies of the U.S. Govern-
ment, when specified in the contract or purchase order, shall
conform to the special Supplementary Requirements section in
Specifications B 249, B 249M (rod, bar, and shapes) and B 250
and B 250M (wire).

12. Keywords

12.1 free-cutting brass bar; free-cutting brass rod; free-
cutting brass wire; screw machine rod

TABLE 2 Tensile Requirements

Temper Designation
Standard Name

Diameter or Distance Between Parallel Surfaces, in. [mm]
Tensile Strength
min, ksi [MPa]

Yield Strength at
0.5 % Extension

under Load min, ksi
[MPa]

Elongation,A

min, %

Rod and Wire

O60 soft 1 [25] and under 48 [330] 20 [140] 15
over 1 [25] to 2 [50] 44 [305] 18 [125] 20
over 2 [50] 40 [275] 15 [105] 25

H02 half-hard 1⁄2 [12] and under 57 [395] 25 [170] 7B

over 1⁄2 [12] to 1 [25] 55 [380]C 25 [170] 10
over 1 [25] to 2 [50] 50 [345] 20 [140] 15
over 2 [50] to 4 [100], and 45 [310] 15 [105] 20
over 4 [100] 40 [275] 15 [105] 20

H04 hard 1⁄16 [1.6] to 3⁄16 [4], incl. 80 [550] 45 [310]
over 3⁄16 [4] to 1⁄2 [12], incl. 70 [480] 35 [240] 4
over 1⁄2 [12] to 3⁄4 [18], incl. 65 [450] 30 [205] 6

Bar

Standard Name Thickness, in. [mm] Width, in. [mm]

O60 soft anneal 1 [25] and under 6 [150] and under 44 [305] 18 [125] 20
over 1 [25] 6 [150] and under 40 [275] 15 [105] 25

H02 half-hard 1⁄2 [12] and under 1 [25] and under 50 [345] 25 [170] 10
1⁄2 [12] and under over 1 [25] to 6 [150] 45 [310] 17 [115] 15
over 1⁄2 [12] to 2 [50] 2 [50] and under 45 [310] 17 [115] 15
over 1⁄2 [12] to 2 [50] over 2 [50] to 6 [150] 40 [275] 15 [105] 20
over 2 [50] over 2 [50] to 4 [100] 40 [275] 15 [105] 20

AIn any case, a minimum gage length of 1 in. [25 mm] shall be used. SI elongation values are based on a gage length of 5.65 times the square root of the area for
dimensions greater than 2.5 mm.

BFor product furnished in coils the elongation shall be 4 % min.
CIf product is specified for thread rolling applications, the minimum tensile strength shall be 52 ksi [350 MPa].

TABLE 3 Rockwell Hardness Requirements

NOTE 1—Rockwell hardness requirements are not established for diameters less than1⁄2 in. [12 mm].

Temper Designation
Diameter of Distance Between Parallel

Surfaces, in. [mm]
Rockwell B Hardness Determined on the Cross Section

Midway Between Surface and Center

Rod and Wire

Standard Name Round Hexagonal and Octagonal

O60 soft anneal 1⁄2 [12] and over 10 - 45 10 - 45

H02 half-hard 1⁄2 [12] to 1 [25] incl. 60 - 80A 55 - 80
over 1 [25] to 2 [50] incl. 55 - 75 45 - 80
over 2 [50] to 3 [75], incl. 45 - 70 40 - 65
over 3 [75] to 4 [100], incl. 40 - 65 35 - 60
over 4 [100] 25 min 25 min

Bar

Thickness, in. [mm] Width, in. [mm]

O60 soft anneal 1⁄2 [12] and over 1⁄2 [12] and over 10 - 35

H02 half-hard 1⁄2 [12] and under 1 [25] and under 45 - 85
1⁄2 [12] and under over 1 [25] to 6 [150] 35 - 70
over 1⁄2 [12] to 2 [50], incl. 2 [50] and under 40 - 80

over 2 [50] to 6 [150] 35 - 70
over 2 [50] over 2 [50] to 4 [100] 35 - 70

AIf product is specified for thread rolling application, the Rockwell B hardness shall be 55–75.

B 16/B 16M
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 16–92)
that may impact its use.

(1) Scope—Revised to better state intent of specification.
(2) Specification B 16M is combined with B 16.
(3) General Requirements—Expanded to identify sections in
the general requirement specification, which constitute a part
of this specification.
(4) Ordering Information—Revised to eliminate reference to
the general requirements specification.

(5) Mechanical Property Requirements—Significantly revised
for better clarity of intent.

(6) Dimensions, Mass, and Permissible Variations—Revised to
identify more clearly the tables in Specifications B 249,
B 249M, B 250, and B 250M that apply to this specification.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).

B 16/B 16M

4



Designation: B 19 – 01

Standard Specification for
Cartridge Brass Sheet, Strip, Plate, Bar, and Disks 1

This standard is issued under the fixed designation B 19; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for sheet,
strip, plate, bar, and disks for the manufacture of ammunition
of component parts thereof from alloy UNS C26000.

1.2 Values given in inch-pound units are the standard except
for grain size which is stated in metric units. SI values given in
parenthesis are for information only.

1.3 The following safety caveat pertains only to the test
method described in Section 10 of this specification.This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 154 Test Method for Mercurous Nitrate Test for Copper

and Copper Alloys2

B 248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar2

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

B 858 Test Method for Determination of Susceptibility to
Stress Corrosion Cracking in Copper Alloys Using an
Ammonia Vapor Test2

E 3 Practice for Preparation of Metallographic Specimens3

E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 112 Test Methods for Determining Average Grain Size3

E 255 Practice for Sampling Copper and Copper Alloys for

Determination of Chemical Composition5

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

E 527 Practice for Numbering Metals and Alloys (UNS)6

2.2 Federal Standards:7

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
2.3 Military Standards:7

MIL-STD-105 Sampling Procedures and Tables for Inspec-
tion by Attributes

MIL-STD-129 Marking for Shipment and Storage
MIL-C-3993 Packaging of Copper and Copper-Base Alloy

Mill Products

3. Terminology

3.1 Definitions—For standard terms related to copper and
copper alloys, refer to Terminology B 846.

4. Ordering Information

4.1 Orders for products should include the following infor-
mation:

4.1.1 ASTM designation and year of issue (for example,
B19-XX),

4.1.2 Product form: sheet, strip, plate, bar, or disks (blanks),
4.1.3 Temper (Section 7),
4.1.4 Dimension: thickness, width, length,
4.1.5 How furnished: flat lengths, coils, or blanks,
4.1.6 Quantity: total weight each temper, form, and size, and
4.1.7 When severe drawing or deep cupping is required.
4.2 The following options are available and should be

specified in the contrast or purchase order when required:
4.2.1 Heat identification or traceability details,
4.2.2 Caliber or diameter of Type IV cups or disks (Section

11),
4.2.3 Mercurous Nitrate Test (Section 10),
4.2.4 Product Marking (Section 22),
4.2.5 On-site inspection (Section 13),
4.2.6 Certification (Section 20), and

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved April 10, 2001. Published June 2001. Originally
published as B 19 – 19 T. Last previous edition B 19 – 95.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.

5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 01.01.
7 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

1

*A Summary of Changes section appears at the end of this standard.
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4.2.7 Test Report (Mill) (Section 21).

5. Material and Manufacture

5.1 Material:
5.1.1 The material of manufacture shall be a cast bar of

copper alloy UNS C26000 of such purity, uniformity, and
soundness as to be suitable for processing into the products
prescribed herein.

5.2 Manufacturing:
5.2.1 The product shall be manufactured by such hot work-

ing, cold working, and annealing processes as to produce a
uniform wrought structure in the specified temper for the
finished product.

5.2.2 The products shall be furnished with slit edges unless
otherwise specified.

5.3 In the event heat identification or traceability is required,
the purchaser shall specify the details desired in the contract or
purchase order.

NOTE 1—Because of the discontinued nature of the processing of
castings into wrought products, it is not always practical to identify a
specific casting analysis with a specific quantity of finished material.

6. Chemical Composition

6.1 The product material shall conform to the requirements
prescribed in Table 1.

6.1.1 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established and analysis required by agreement between manu-
facturer and purchaser.

6.2 Either copper or zinc may be taken as the difference
between the sum of all elements analyzed and 100 %. Copper,
when determined by difference, must conform to the require-
ments of Table 1. When all elements in Table 1 are analyzed,
their sum shall be 99.7 % min.

7. Temper

7.1 Product tempers, as defined in Practice B 601, shall be
as follows:

7.1.1 Rolled Product:B 601, H01, H02, H03, H04, H06,
H08, and H10.

7.1.2 Annealed Product:OS015, OS025, OS035, OS050,
OS070, and OS100.

7.1.3 The purchaser should confer with the manufacturer or
supplier for availability of product in a specific temper, form,
and size.

8. Mechanical Property Requirements

8.1 Materials furnished under this specification shall con-
form to the tension test requirements specified in this specifi-
cation.

8.1.1 Rolled-to-temper material shall conform to the re-
quirements specified in Table 2.

8.1.2 Annealed material shall conform to the requirements
specified in Table 3.

8.1.3 Material furnished as-hot rolled shall conform to the
requirements specified in Table 3.

9. Grain Size Requirements

9.1 Annealed sheet, strip, and bar furnished under this
specification shall conform to the requirements specified in
Table 4.

9.2 Except for material ordered by the U.S. Government,
annealed material to be used for the manufacture of cartridge
brass cups and disks shall conform to the requirements of Table
5.

9.3 Annealed plate, bar, and disks ordered by the U.S.
Government shall meet the following requirements:

9.3.1 Material up to 0.500 in. (12.70 mm) in thickness
inclusive, except material for 20 mm disks, shall be furnished
to a grain size of 0.055 to 0.120 mm inclusive.

9.3.2 Material over 0.500 in. (12.70 mm) in thickness,
except material for 20-mm disks, shall be furnished to a grain
size of 0.070 to 0.150 mm inclusive.

9.3.3 Disks (blanks) of 20 mm and material for blanking
20-mm disks (blanks) shall be furnished to a grain size of 0.070
to 0.130 mm inclusive.

9.4 Material ordered as-hot rolled shall be furnished to a
grain size as agreed upon between the manufacturer or supplier
and the producer.

9.5 Material to be used for the manufacture of primer cup
and primer anvils shall conform to the grain size requirements
of Table 6.

10. Mercurous Nitrate Test

10.1 When specified in the contract or purchase order, the
product shall meet the requirements of Test Method B 154.

10.1.1 Mercury is a recognized health hazard. Proper equip-
ment for the detection and removal of vapors is recommended.
The use of suitable gloves while testing is advised.

NOTE 2—Ammonia vapor test, Test Method B 858, is a possible
alternative to Test Method B 154.

11. Dimensions, Mass, and Permissible Variations

11.1 The dimensions and tolerances covered by this speci-
fication, except as covered herein, shall be as specified in the
current edition of Specification B 248, with particular reference
to Section 6 and the dimensional tables of that specification.

TABLE 1 Chemical Requirements

Copper
Composition, %

Zinc Bismuth
Lead, max Iron, max

68.5 to 71.5 0.07 0.05 remainder 0.0059 max

TABLE 2 Tensile Strength Requirements for Rolled Tempers

NOTE 1—Plate is generally available in only the soft O60, quarter-hard
H01, and half-hard H02 tempers. Required properties for other tempers
shall be agreed upon between the manufacturer or supplier and the
purchaser at time of placing the order or contract.

Temper Designation
Tensile Strength, ksiA

(MPa)

Standard Former min max

H01 quarter hard 49 (340) 59 (405)
H02 half hard 57 (395) 67 (460)
H03 three-quarter hard 64 (440) 74 (510)
H04 hard 71 (490) 81 (560)
H06 extra hard 83 (570) 92 (635)
H08 spring 91 (625) 100 (690)
H10 extra spring 95 (655) 104 (720)

A1 ksi = 1000 psi.
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11.2 The diameter of the disks measured at the large end
shall not vary from that specified in the order by more than the
amounts shown in Table 7.

11.3 Disks shall not vary in thickness by more than the
amounts shown in Table 8, except that disks for 20-mm
cartridge cases shall be not less than the thickness specified and
shall not exceed the specified thickness by more than 0.008 in.
(0.20 mm) in the area 1 in. (25 mm) in diameter in the center
of the disk.

11.4 Material to be used for the manufacture of primer cup
and primer anvil shall conform to the dimensional tolerances
requirements shown in Table 6.

11.5 Special dimensional tolerances shall be as agreed upon
between the manufacturer or supplier and the purchaser.

11.6 Straightness shall be determined by placing the piece
on a level surface so that the arc or departure from straightness
is horizontal. The maximum depth of arc shall be measured to

the nearest1⁄32 in. (0.8 mm) by means of a straightedge and a
steel scale.

12. Workmanship, Finish, and Appearance

12.1 Cartridge brass shall be free of defects, and it shall be
well cleaned and free of dirt.

12.2 In addition to the above requirement, cartridge brass
disks shall be free of oxidation, pinholes, surface splits, dirt
inclusions, segregations, or any other defects. They shall be
free of oil and grease, acid, dirt, grit of any kind, and shall be
clean and bright.

13. Inspection

13.1 The manufacturer, or supplier, shall inspect and make
tests necessary to verify the product furnished conforms to
specification requirements.

13.2 Source inspection of the product by the purchaser may
be agreed upon between the manufacturer, or supplier, and the
purchaser as part of the purchase order. In such case, the nature
of the facilities needed to satisfy the inspector representing the
purchaser that the product is being furnished in accordance
with the specification shall be included in the agreement. All
tests and the inspection shall be conducted so as not to interfere
unnecessarily with the operation of the works.

13.3 The manufacturer, or supplier, and the purchaser may
conduct the final inspection simultaneously by mutual agree-
ment.

14. Sampling

14.1 The lot size, portion size, and selection of pieces for
materials purchased shall be as follows:

14.1.1 Lot Size—20 000 lb (9070 kg) or fraction thereof.
14.1.2 Portion Size—Pieces from at least ten individual

lengths of the finished product. If the lot consists of less than
the number of lengths indicated in the portion size, a piece
shall be taken from each individual length.

14.2 For materials purchased by the U.S. Government,
sampling shall be accomplished as follows:

14.2.1 The lot size, portion size, and selection of pieces
shall conform to the sampling plan of Table 9 for chemical

TABLE 3 Tension Test Requirements of Annealed and As-Hot Rolled Materials

NOTE 1—On annealed material under 0.020 in. (0.51 mm) in thickness, grain size only shall be specified.

Thickness, in. (mm)
Tensile Strength, min ksiA

(MPa)
Elongation in 2 in. (50 mm), min,%

annealed temper, OS025, 0.015–
0.035 mm nominal grain size

0.020 to 0.050 (0.508 to 1.27), incl 45 (310) 40
Over 0.050 to 0.100 (1.27 to 2.54), incl 45 (310) 42
Over 0.100 to 0.150 (2.54 to 3.81), incl 45 (310) 45
Over 0.150 (3.81) 45 (310) 50

annealed temper, OS070, 0.050–
0.100 mm nominal grain size

0.020 to 0.050 (0.508 to 1.27), incl 44 (305) 45
Over 0.050 to 0.100 (1.27 to 2.54), incl 44 (305) 47
Over 0.100 to 0.150 (2.54 to 3.81), incl 44 (305) 50
Over 0.150 to 0.250 (3.81 to 6.35), incl 44 (305) 55
Over 0.250 to 0.500 (6.35 to 12.7), incl 43 (295) 55
Over 0.500 (12.7) 40 (275) 60

as-hot rolled, M20
0.250 to 0.500 (6.35 to 12.7), incl 43 (295) 55
Over 0.500 (12.7) 40 (275) 60

A1 ksi = 1000 psi.

TABLE 4 Grain Size Requirements for Annealed Material

Temper Nominal
Grain Size, mm

Min Max

OS015 0.015 A 0.025
OS025 0.025 0.015 0.035
OS035 0.035 0.025 0.050
OS050 0.050 0.035 0.070
OS070 0.070 0.050 0.100
OS100 0.100 0.060 0.150

A No minimum grain size required, but the material shall be fully recrystallized.

TABLE 5 Grain Size Requirements for Material for Manufacture
of Cartridge Brass Cups and Disks

Type Temper
Grain Size, mm

Use
Min Max

I OS065 0.035 0.090 Strip for 0.30 and 0.45 caliber cups
II OS110 0.080 0.140 Strips for 0.50 caliber cups
III OS055 0.055 0.115 Disks 0.500 in. (12.7 mm) and under

in thickness
IV OS115 0.075 0.150 Disks over 0.500 in. (12.7 mm) in

thickness
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analysis, for tension tests, for grain size determinations and for
the mercurous nitrate test.

14.2.2 Sampling for Visual and Dimensional
Examination—If the weight of each piece is more than 150 lb
(68 kg), every piece shall be examined. If the weight of each
piece is 150 lb or less, a representative specimen shall be
visually examined to determine compliance with the require-
ments of the contract for identification marking and workman-
ship, and shall be measured for compliance with the dimen-
sional requirements of this specification and the contract.

14.3 When material is furnished in rolls or on reels or
spools, the sample for examination shall be taken within 10 ft
(3.0 m) of the outer end. If the sample is rejected due to
handling marks, an additional 20 ft (6.1 m) shall be selected for
examination.

14.4 Chemical Analysis—A sample for chemical analysis
shall be taken and prepared in accordance with Practice E 255.
Drilling, millings, etc., shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 14.1.2 or 14.2.1 and combined into composite samples.
The minimum weight of the composite sample that is to be
divided into three equal parts shall be 150 g. The maximum

number of samples from which a composite sample may be
made shall be ten.

14.4.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semifinished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

14.4.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

14.4.1.2 When samples are taken from the semi-finished
product, a sample shall be taken to represent each 10 000 lb
(4540 kg) or fraction thereof, except that not more than one
sample shall be required per piece.

15. Number of Tests and Retests

15.1 Tests:
15.1.1 Chemical composition shall be determined as the per

element average of results from at least two replicate analyses.
15.2 Other Test—Other tests shall be performed using the

samples selected in accordance with 14.1.2 or 14.2, as appro-
priate. The required tests shall be made on each of the
specimens so selected.

15.3 Retests:
15.3.1 When requested by the manufacturer or supplier, a

retest may be permitted should test results obtained by the
purchaser fail to conform with specification requirements.

15.3.2 Retesting shall be as directed in the product specifi-
cation for the initial test(s) except that the number of test
specimens shall be twice that required for the initial test.

15.3.3 Test results for all specimens shall conform to the
product specification requirements in retest and failure to
conform shall be cause for rejection of the entire lot.

16. Specimen Preparation

16.1 Chemical Analysis:
16.1.1 Preparation of the analytical specimen shall be the

TABLE 6 Dimensional Tolerances, Grain Size, and Temper of Brass for Primer Cup and Primer Anvils

Item Size Case, caliber Thickness, in. (mm)
Permissible Variation
in Thickness Plus and

Minus, in. (mm)

Standard Temper
Designations

Nominal Grain Size, mm or
Temper

Cup 0.50 0.035 (0.899) 0.0008 (0.020) OS100 0.100 (OS100)
0.45 0.018 (0.458) or 0.001 (0.025) OS050 0.050 (OS050)

0.020 (0.508)
7.62 mm 0.027 (0.686) or 0.0008 (0.020) OS100 0.100 (OS100)

0.029 (0.737)
5.56 mm 0.027 (0.686) 0.0005 (0.0125) OS070 0.070 (OS070)
0.30 0.027 (0.686) 0.0008 (0.020) OS100 0.100 (OS100)
0.30 carbine 0.020 (0.508) 0.001 (0.025) OS070 0.070 (OS070)

Anvil 0.50 0.0485 (1.2315) 0.001 (0.025) OS025 0.025 (OS025)
0.45 0.038 (0.965) 0.001 (0.025) H01 1⁄4hard (H01)
7.62 mm 0.038 (0.965) 0.001 (0.025) H01 or H02 1⁄4 or 1⁄2 hard (H01 or H02)
5.56 mm 0.038 (0.965) 0.001 (0.025) H01 or H02 1⁄4 or 1⁄2 hard (H01 or H02)
0.30 0.038 (0.965) 0.001 (0.025) H01 or H02 1⁄4 or 1⁄2 hard (H01 or H02)
0.30 carbine 0.034 (0.864) 0.001 (0.025) H01 1⁄4 hard (H01)

TABLE 7 Diameter Tolerances for Disks (Blanks)

Diameter, in. (mm)
Tolerances, in. (mm)

Plus Minus

Up to 1 (25.4) incl 0.005 (0.127) 0
Over 1 to 3 (25.4 to 76.2) incl 0.010 (0.254) 0
Over 3 to 12 (76.2 to 305) incl 0.015 (0.381) 0
Over 12 to 14 (305 to 356) incl 0.020 (0.508) 0
Over 14 (356) 0.030 (0.762) 0

TABLE 8 Permissible Variation in Thickness of Disks (Blanks)

Thickness, in. (mm)

Permissible Variations in
Thickness, in. (mm)

Plus Minus

Up to 0.150 (3.81) incl 0.005 (0.127) 0
Over 0.150 to 0.300 (3.81 to 7.62) incl 0.006 (0.152) 0
Over 0.300 to 0.400 (7.62 to 10.16) incl 0.008 (0.203) 0
Over 0.400 to 0.600 (10.16 to 15.24) incl 0.015 (0.381) 0
Over 0.600 to 0.900 (15.24 to 22.86) incl 0.020 (0.508) 0
Over 0.900 (22.86) 0.030 (0.762) 0
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responsibility of the reporting laboratory.
16.2 Grain Size:
16.2.1 The test specimen shall be prepared in accordance

with Practice E 3.
16.3 Tensile Test:
16.3.1 For tension testing, machined test specimens as

specified in Test Methods E 8 shall be used. Specimens shall be
taken so that the longitudinal axis of such specimens is parallel
to the direction of rolling.

16.3.2 If the diameter of the disk is less than the minimum
specimen length required for the performance of the test,
specimens shall be taken from the original material for which
the disks were blanked.

16.3.3 In the event that disks are to be annealed subsequent
to blanking and the disk diameter will not provide the required
specimen length, the necessary pieces of original material shall
be prepared and annealed with the disks that these samples are
to represent.

17. Test Methods

17.1 Chemical Analysis:
17.1.1 Chemical composition, in case of disagreement shall

be determined as follows:
Element Test Methods

Copper E 478
Lead E 478 (AA)
Iron E 478
Zinc E 478 (Titrimetric)

17.1.2 Test methods for elements required by contractual or
purchase order agreement shall be as agreed upon between the
manufacturer and the purchaser.

18. Significance of Numerical Limits

18.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29:

Property Rounded Unit for Observed
or Calculated Value

Chemical composition
Hardness
Electrical resistivity
Electrical conductivity

nearest unit in the last right-hand significant
digit used in expressing the limiting value

Property Rounded Unit for Observed
or Calculated Value

Tensile strength
Yield Strength

Nearest ksi (5 MPa)

Elongation nearest 1 %
Grain size

Under 0.060 mm nearest multiple of 0.005 mm
0.060 mm and over nearest 0.01 mm

19. Rejection and Rehearing

19.1 Rejection:
19.1.1 Material that fails to conform to the requirements of

this specification when inspected or tested by the purchaser or
his agent may be rejected.

19.1.2 Samples that represent rejected material shall be
preserved for two weeks from the date of the test report. In case
of dissatisfaction with the results of the tests, the producer or
supplier may make claim for a rehearing with this time period.

19.1.3 Material that shows injurious defects during subse-
quent manufacturing operations may be rejected. If rejected,
the producer or supplier shall be responsible only for replace-
ment of the material to the purchaser. As much of the rejected
original material as possible shall be returned to the producer
or supplier.

19.1.4 For visual and dimensional examination of materials
purchased by the U.S. Government, any sample unit having
one or more defects shall be rejected.

19.2 Rehearing:
19.2.1 As a result of product rejection, the manufacturer or

supplier may petition the purchaser for a retest to be conducted
by the manufacturer, or supplier, and the purchaser.

19.2.2 Samples of the rejected product to be taken in
accordance with the product specification and tested by both
parties using the test method(s) specified in the product
specification, or, alternatively, upon agreement of both parties,
an independent laboratory may be selected for the test(s) using
the specified test methods.

20. Certification

20.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and requirements have been met.

21. Test Report

21.1 When specified in the contract or purchase order, a

TABLE 9 Sampling for U.S. Government Contracts

NOTE 1—If the number of original castings from which the material is processed is less than the number of samples specified, not more than one sample
need be taken from each piece for chemical analysis.

Lot Size, lb Chemical Analysis Tension Test Grain Size Test
Mercurous Nitrate

Test

Plate, sheet, strip, and bar:
up to 2000 2 2 5 ...
2001 to 20 000 4 4 10 ...

Disks:
Up to 20 000 4 1 2 1
20 001 to 40 000 8 2 4 2
40 001 to 60 000 12 3 6 3
60 001 to 80 000 16 4 8 4
80 001 to 100 000 20 5 10 5
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report of test results shall be furnished.

22. Product Marking

22.1 When specified in the contract or purchaser order, all
material shall be properly marked for identification or classi-
fication with the name or brand of the producer, commercial
designations, and specification information (that is, type, class,
and so forth). The method of marking shall be at the manufac-
turer’s option and may be made by stamping, stenciling,
casting, rolled-raised lettering, tagging, or labeling, as suited to
the product.

22.2 For U.S. Government applications, all material shall,
when specified, be marked in accordance with Fed. Std. No.
185 except that the ASTM specification number and the alloy
number shall be used.

23. Keywords

23.1 bar; brass bar; brass disks (blanks); brass plate; brass
sheet; brass strip; cartridge brass bar; cartridge brass disks
(blanks); cartridge brass plate; cartridge brass sheet; cartridge
brass strip; disks (blanks); plate; strip

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue B 19 – 95
that may impact the use of this standard.

(1) Added Sections 3, 13, 20, and 21 to specification.
(2) Added Note 1 and Note 2.
(3) Changed Paragraph 19.1.4.

(4) Added bismuth to Table 1 and eliminated the bismuth note
in Table 1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
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This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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Designation: B 21/B 21M – 01 e1

Standard Specification for
Naval Brass Rod, Bar, and Shapes 1

This standard is issued under the fixed designation B 21/B 21M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

e1 NOTE—Section 1.4 was added editorially in January 2003.

1. Scope *

1.1 This specification establishes the requirements for naval
brass rod, bar, and shapes produced from Copper Alloys UNS
No. C46200, C46400, C47940, C48200, or C48500.

1.1.1 For piston-finish rod or shafting refer to the Other
Requirements Section.

1.1.2 For hot forging material, refer to Specification B 124/
B 124M.

1.2 Units—The values stated in inch-pound units or SI units
are to be regarded separately as standard. Within the text, SI
units are shown in brackets. The values in each system are not
exact equivalents; therefore, each system shall be used inde-
pendently of the other. Combining values from the two systems
may result in nonconformance with the specification.

1.3 Warning—Mercury is a definite health hazard in use
and disposal (see Performance Requirements).

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 124/B 124M Specification for Copper and Copper-Alloy

Forging Rod, Bar, and Shapes2

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys2

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes and
Forgings2

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast2

B 858 Test Method for Determination of Susceptibility to

Stress Corrosion Cracking in Copper Alloys Using an
Ammonia Vapor Test2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Method for Tension Testing of Metallic Materi-
als (Metric)3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

3. General Requirements

3.1 The following sections of Specification B 249/B 249M
constitute a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Mill Test Report,
3.1.13 Packaging and Product Marking, and
3.1.14 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1, above, appears in this specification, it
contains additional requirements which supplement those ap-
pearing in Specification B 249/B 249M.

4. Ordering Information

4.1 Include the following when ordering product under this
specification:

4.1.1 ASTM designation and year of issue,
4.1.2 Copper Alloy UNS No. designation (Scope),
4.1.3 Temper (Temper Section and related Tables),1 This specification is under the jurisdiction of ASTM Committee B05 on Copper

and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes and Forgings.

Current edition approved April 10, 2001. Published August 2001. Originally
published as B 21 – 18T. Last previous edition B 21 – 00.

2 Annual Book of ASTM Standards, Vol 02.01.

3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.4 Form: cross-section such as round, hexagonal, square,
and so forth,

4.1.5 Diameter or distance between parallel surfaces, width
and thickness (Dimensions and Permissible Variations),

4.1.6 Length (Dimensions and Permissible Variations),
4.1.7 Edge contours (Dimensions and Permissible Varia-

tions),
4.1.8 Number of pieces or total weight, for each size and

form, and
4.1.9 When product is specified for agencies of the U.S.

Government (Purchases for U.S. Government).
4.2 The following are options available under this specifi-

cation and are to be specified in the contract or purchase order
when required:

4.2.1 Tensile test for product1⁄2 in. [12 mm] and over, for
the alloys and tempers listed in Table 4.

4.2.2 Residual stress test (Performance Requirements sec-
tion),

4.2.3 Piston finish rod or shafting (Other Requirements
section),

4.2.4 Certification (Specification B 249/B 249M), and
4.2.5 Mill test report (Specification B 249/B 249M).

5. Chemical Composition

5.1 The material shall conform to the chemical composition
requirements specified in Table 1 for the Copper Alloy UNS
No. designation specified in the ordering information.

5.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer or supplier, and purchaser.

5.3 For copper alloys in which zinc is specified as the
remainder, either copper or zinc is permitted to be taken as the
difference between the sum of results of all elements deter-
mined and 100 %. When copper is so determined, that differ-
ence value shall conform to the requirements given in Table 1.

5.4 When all elements listed in Table 1 for the Copper Alloy
UNS No. specified in the ordering information are determined,
the sum of results shall be 99.6 % minimum.

6. Temper

6.1 Tempers, as defined in Practice B 601, available under
this specification are shown in Tables 2 and 3.

TABLE 2 Tensile Requirements, in./lb

Temper Designation Diameter or Distance Between
ParallelA

Surfaces,
in.

Tensile Strength,
min, ksi

Yield Strength at
0.5 %

Extension Under
Load, min, ksi

Elongation in
4 3 Diameter of

Thickness of
Specimen, min,

%BCode Name

Copper Alloy UNS No. C46200

M30 as-hot extruded all forms, all sizes 50 20 30
O60 soft anneal rods and bars, all sizes 48 16 30
O50 light anneal rods and bars:

0.500 and under 58 27 22
over 0.500 to 1.000, incl 56 27 25
over 1.000 to 2.000, incl 54 26 25
over 2.000 to 3.000, incl 52 25 27
over 3.000 to 4.000, incl 50 22 30
over 4.000 50 20 30

H60 cold heading, forming rods, all sizes 48 18 22
H02 half-hard rods and bars:

0.500 and under 58 27 22
over 0.500 to 1.000, incl 56 27 25
over 1.000 to 2.000, incl 54 26 25
over 2.000 to 3.000, incl 52 25 27
over 3.000 to 4.000, incl 50 22 30
over 4.000 50 20 30

H04 hard rods and bars:
0.500 and under 64 40 13
over 0.500 to 1.000, incl 62 38 13
over 1.000 to 2.000, incl 58 34 18

Copper Alloy UNS No. C46400

M30 as-hot extruded all forms, all sizes 52 20 30
O60 soft anneal rods and bars:

1.000 and under 54 20 30
over 1.000 to 2.000, incl 52 20 30
over 2.000 50 20 30
shapes, all sizes 52 20 30

O50 light anneal rods and bars:
0.500 and under 60 27 22

TABLE 1 Chemical Requirements

Element,
%

Copper Alloy UNS No.

C46200 C46400 C47940 C48200 C48500

Copper 62.0–65.0 59.0–62.0 63.0–66.0 59.0–62.0 59.0–62.0
Tin 0.50–1.0 0.50–1.0 1.2–2.0 0.50–1.0 0.50–1.0
Lead 0.20 max 0.20 max 1.0–2.0 0.40–1.0 1.3–2.2
Zinc remainder remainder remainder remainder remainder
Iron 0.10 max 0.10 max 0.10–1.0 0.10 max 0.10 max
NickelA ... ... 0.10–0.50 ... ...
AIncluding cobalt.

B 21/B 21M – 01e1
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TABLE 2 Continued

Temper Designation Diameter or Distance Between
ParallelA

Surfaces,
in.

Tensile Strength,
min, ksi

Yield Strength at
0.5 %

Extension Under
Load, min, ksi

Elongation in
4 3 Diameter of

Thickness of
Specimen, min,

%BCode Name

over 0.500 to 1.000, incl 60 27 25
over 1.000 to 2.000, incl 58 26 25
over 2.000 to 3.000, incl 54 25 25
over 3.000 to 4.000, incl 54 22 27
over 4.000 54 22 30

H50C extruded and drawnC shapes, all sizes 58 25 20
H02 half-hard rods and bars:

0.500 and under 60 27 22
over 0.500 to 1.000, incl 60 27 25
over 1.000 to 2.000, incl 58 26 25
over 2.000 to 3.000, incl 54 25 25
over 3.000 to 4.000, incl 54 22 27
over 4.000 54 22 30

H04 hard rods and bars:
1.000 and under 67 45 13
over 1.000 to 2.000, incl 62 37 18

Copper Alloy UNS No. C47940

M30 as-hot extruded all forms, all sizes 50 20 30
O60 soft anneal rods and bars, all sizes 48 20 30
O50 light anneal rods and bars:

0.500 and under 58 30 18
over 0.500 to 1.000, incl 56 30 20
over 1.000 to 2.0, incl 54 25 22
over 2.000 50 25 25

H50C extruded and drawnC shapes, all sizes 56 25 20
H02 half-hard rods and bars:

0.500 and under 58 30 18
over 0.500 to 1.000, incl 56 30 20
over 1.000 to 2.000, incl 54 25 22
over 2.000 50 25 25

H04 hard rods and bars:
0.500 and under 70 55 10
over 0.500 to 1.000, incl 65 52 13
over 1.000 to 2.000, incl 62 45 15

Copper Alloy UNS No. C48200

M30 as-hot extruded all forms, all sizes 52 20 25
O60 soft anneal rods and bars:

1.000 and under 54 20 25
over 1.000 to 2.000, incl 52 20 25
over 2.000 50 20 25
shapes, all sizes 52 20 25

O50 light anneal rods and bars:
1.000 and under 60 27 18
over 1.000 to 2.000, incl 58 26 20
over 2.000 to 3.000, incl 54 25 20
over 3.000 to 4.000, incl 54 22 20
over 4.000 54 22 25

H50C extruded and drawnC shapes, all sizes 58 25 15
H02 half-hard rods and bars:

1.000 and under 60 27 18
over 1.000 to 2.000, incl 58 26 20
over 2.000 to 3.000, incl 54 25 20
over 3.000 to 4.000, incl 54 22 20
over 4.000 54 22 25

H04 hard rods and bars:
1.000 and under 67 45 11
over 1.000 to 2.000, incl 62 37 15

Copper Alloy UNS No. C48500

M30 as-hot extruded all forms, all sizes 52 20 20
O60 soft anneal rods and bars:

1.000 and under 54 20 20
over 1.000 to 2.000, incl 52 20 20
over 2.000 50 20 20
shapes, all sizes 52 20 20

O50 light anneal rods and bars:
1.000 and under 60 27 12
over 1.000 to 2.000, incl 58 26 20

B 21/B 21M – 01e1
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TABLE 2 Continued

Temper Designation Diameter or Distance Between
ParallelA

Surfaces,
in.

Tensile Strength,
min, ksi

Yield Strength at
0.5 %

Extension Under
Load, min, ksi

Elongation in
4 3 Diameter of

Thickness of
Specimen, min,

%BCode Name

over 2.000 to 3.000, incl 54 25 20
over 3.000 to 4.000, incl 54 22 20
over 4.000 54 22 20

H50C extruded and drawnC shapes, all sizes 58 25 15
H02 half-hard rods and bars:

1.000 and under 60 27 12
over 1.000 to 2.000, incl 58 26 20
over 2.000 to 3.000, incl 54 25 20
over 3.000 to 4.000, incl 54 22 20
over 4.000 54 22 20

H04 hard rods and bars:
1.000 and under 67 45 10
over 1.000 to 2.000, incl 62 37 13

A For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
B In any case, a minimum gage length of 1 in. shall be used.
C This temper does not apply to hollow shapes.

TABLE 3 Tensile Requirements, SI

Temper Designation Diameter or Distance Between
ParallelA

Surfaces,
mm

Tensile
Strength,

min,
MPa

Yield Strength at
0.5 %

Extension Under
Load, min,

MPa

Elongation in
43 Diameter of

Thickness of
Specimen, min,

%BCode Name

Copper Alloy UNS No. C46200

M30 as-hot extruded all forms, all sizes 345 140 30
O60 soft anneal rods and bars, all sizes 330 110 30
O50 light anneal rods and bars:

12 and under 400 185 22
over 12 to 25, incl 385 185 25
over 25 to 50, incl 370 180 25
over 50 to 75, incl 360 170 27
over 75 to 100, incl 345 150 30
over 100 345 140 30

H60 cold heading,
forming

rods, all sizes 330 125 22

H02 half-hard rods and bars:
12 and under 400 185 22
over 12 to 25, incl 385 185 25
over 25 to 50, incl 370 180 25
over 50 to 75, incl 360 170 27
over 75 to 100, incl 345 150 30
over 100 345 140 30

H04 hard rods and bars:
12 and under 440 275 13
over 12 to 25, incl 425 260 13
over 25 to 50, incl 400 235 18

Copper Alloy UNS No. C46400

M30 as-hot extruded all forms, all sizes 360 140 30
O60 soft anneal rods and bars:

25 and under 370 140 30
over 25 to 50, incl 360 140 30
over 50 345 140 30
shapes, all sizes 360 140 30

O50 light anneal rods and bars:
12 and under 415 185 22
over 12 to 25, incl 415 185 25
over 25 to 50, incl 400 180 25
over 50 to 75, incl 370 170 25
over 75 to 100, incl 370 150 27
over 100 370 150 30

H50C extruded and
drawnC

shapes, all sizes 400 170 20

H02 half-hard rods and bars:

B 21/B 21M – 01e1
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TABLE 3 Continued

Temper Designation Diameter or Distance Between
ParallelA

Surfaces,
mm

Tensile
Strength,

min,
MPa

Yield Strength at
0.5 %

Extension Under
Load, min,

MPa

Elongation in
43 Diameter of

Thickness of
Specimen, min,

%BCode Name

12 and under 415 185 22
over 12 to 25, incl 415 185 25
over 25 to 50, incl 400 180 25
over 50 to 75, incl 370 170 25
over 75 to 100, incl 370 150 27
over 100 370 150 30

H04 hard rods and bars:
25 and under 460 310 13
over 25 to 50, incl 425 255 18

Copper Alloy UNS No. C47940

M30 as-hot extruded all forms, all sizes 345 140 30
O60 soft anneal rods and bars, all sizes 330 140 30
O50 light anneal rods and bars:

12 and under 400 210 18
over 12 to 25, incl 390 210 20
over 25 to 50, incl 375 175 22
over 50 345 175 25

H50C extruded and
drawnC

shapes, all sizes 390 175 20

H02 half-hard rods and bars:
12 and under 400 210 18
over 12 to 25, incl 390 210 20
over 25 to 50, incl 375 175 22
over 50 345 175 25

H04 hard rods and bars:
12 and under 485 380 10
over 12 to 25, incl 450 360 13
over 25 to 50, incl 430 310 15

Copper Alloy UNS No. C48200

M30 as-hot extruded all forms, all sizes 360 140 25
O60 soft anneal rods and bars:

25 and under 370 140 25
over 25 to 50, incl 360 140 25
over 50 345 140 25
shapes, all sizes 360 140 25

O50 light anneal rods and bars:
25 and under 415 185 18
over 25 to 50, incl 400 180 20
over 50 to 75, incl 370 170 20
over 75 to 100, incl 370 150 20
over 100 370 150 25

H50C extruded and
drawnC

shapes, all sizes 400 170 15

H02 half-hard rods and bars:
25 and under 415 185 18
over 25 to 50, incl 400 180 20
over 50 to 75, incl 370 170 20
over 75 to 100, incl 370 150 20
over 100 370 150 25

H04 hard rods and bars:
25 and under 460 310 11
over 25 to 50, incl 425 255 15

Copper Alloy UNS No. C48500

M30 as-hot extruded all forms, all sizes 360 140 20
O60 soft anneal rods and bars:

25 and under 370 140 20
over 25 to 50, incl 360 140 20
over 50 345 140 20
shapes, all sizes 360 140 20

O50 light anneal rods and bars:
25 and under 415 185 12
over 25 to 50, incl 400 180 20
over 50 to 75, incl 370 170 20
over 75 to 100, incl 370 150 20
over 100 370 150 20

H50C extruded and
drawnC

shapes, all sizes 400 170 15

B 21/B 21M – 01e1
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TABLE 3 Continued

Temper Designation Diameter or Distance Between
ParallelA

Surfaces,
mm

Tensile
Strength,

min,
MPa

Yield Strength at
0.5 %

Extension Under
Load, min,

MPa

Elongation in
43 Diameter of

Thickness of
Specimen, min,

%BCode Name

H02 half-hard rods and bars:
25 and under 415 185 12
over 25 to 50, incl 400 180 20
over 50 to 75, incl 370 170 20
over 75 to 100, incl 370 150 20
over 100 370 150 20

H04 hard rods and bars:
25 and under 460 310 10
over 25 to 50, incl 425 255 13

A For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
B In any case, a minimum gage length of 25 mm shall be used.
C This temper does not apply to hollow shapes.

7. Mechanical Property Requirements

7.1 The product shall conform to the mechanical property
requirements given in Tables 2-4 for the Copper Alloy UNS
No. designation specified in the ordering information.

7.1.1 Rockwell Hardness—For the alloys and tempers
listed, the product1⁄2 in. [12 mm] and over in diameter or
distance between parallel surfaces shall conform with the
requirements given in Table 4, when tested in accordance with
Test Methods E 18.

7.1.1.1 For the alloys, tempers, and sizes listed in Table 4,
Rockwell hardness shall be the basis of acceptance or rejection
for mechanical properties except when the tensile test is
specified in the contract or purchase order.

7.1.2 Tensile Strength—The product shall conform with the
requirements of Tables 2 and 3, when tested in accordance with
Test Methods E 8 and E 8M.

8. Performance Requirements

8.1 Residual Stress Test:
8.1.1 When specified in the contract or purchase order, the

product shall pass a test for residual stress according to the
requirements of Test Method B 154 or Test Method B 858.

8.1.2 Unless otherwise agreed upon between the manufac-
turer, or supplier, and the purchaser, the manufacturer shall

have the option of using either the mercurous nitrate test or the
ammonia vapor test. When the ammonia vapor test is used, the
test pH value shall be 10 unless otherwise specified by the
purchaser. (Warning—Mercury is a definite health hazard, and
therefore equipment for the detection and removal of mercury
vapor produced in volatilization is recommended. The use of
rubber gloves in testing is recommended.)

NOTE 1—A residual stress test provides information about the adequacy
of the stress relief of the material. Bar straightening is a method of
mechanical stress relief.

9. Other Requirements

9.1 Piston-Finish Rod and Shafting:
9.1.1 When so specified in the contract or order, round rods

over1⁄2-in. [12 mm] diameter shall be furnished as piston-finish
rods or shafting.

9.1.2 Piston-finish rods shall have a special surface pro-
duced by turning or grinding and shall comply with the special
diameter tolerances specified in Piston-Finish Rod Section
under Dimensions and Permissible Variations.

9.1.3 The straightness tolerances for piston-finish rod are
subject to agreement between the manufacturer or supplier and
the purchaser.

9.2 Purchases for U.S. Government:

TABLE 4 Rockwell Hardness Requirements

NOTE 1—Rockwell Hardness Requirements are not established for diameters less than1⁄2 in. [12 mm].

Copper Alloy
UNS No.

Temper Designation
Diameter or Distance

Between Parallel SurfacesA,

Rockwell B Hardness Determined on the
Cross Section Modway Between Surface

and Center

Code Name in. mm

C46400 H02 half-hard 0.500 to 1.000, incl 12 to 25, incl 60–80
over 1.000 over 25 55–80

H04 hard 0.500 to 1.000, incl 12 to 25, incl 70–90
over 1.000 over 25 65–90

C48200 H02 half-hard 0.500 to 1.000, incl 12 to 25, incl 65–85
over 1.000 over 25 60–85

H04 hard 0.500 to 1.000, incl 12 to 25, incl 70–90
over 1.000 over 25 65–90

C48500 H02 half-hard 0.500 to 1.000, incl 12 to 25, incl 65–85
over 1.000 over 25 60–85

H04 hard 0.500 to 1.000, incl 12 to 25, incl 70–90
over 1.000 over 25 65–90

AFor rectangular bar, the Distance Between Parallel Surfaces refers to thickness.

B 21/B 21M – 01e1
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9.2.1 Product purchased for agencies of the U.S. Govern-
ment shall conform to the additional requirements prescribed in
the Supplementary Requirements section of Specification
B 249/B 249M.

10. Dimensions and Permissible Variations

10.1 The dimensions and tolerances for product covered by
this specification shall be as specified in the current edition of
Specification B 249/B 249M, with particular reference to the
following Tables and related paragraphs in that specification:

10.2 Diameter or Distance Between Parallel Surfaces:
10.2.1 Rod: Round, Hexagonal, Octagonal—See Table 1.
10.2.2 Rod, M30 (As-Hot Extruded)—See Table 4.
10.2.3 Piston-Finish Rod—See Table 3.
10.2.4 Bar: Rectangular and Square—See Tables 8 and 10.
10.2.5 Bar, M30 (As-Hot Extruded)—See Table 4.
10.3 Shapes—The dimensional tolerances for shapes shall

be as agreed upon by the manufacturer or supplier and the
purchaser, and shall be specified in the order.

10.4 Length of Rod, Bar, and Shapes—See Tables 13 and
14.

10.5 Straightness:
10.5.1 Rod and Bar—See Table 16.
10.5.2 Shafting Rod—See Table 17.
10.5.3 M30 (As-Hot Extruded)—Rod, bar, and shapes shall

be commercially straight.
10.6 Edge Contours—See Edge Contours Section.

11. Specimen Preparation

11.1 In the tension test all material shall be pulled in full
size when practicable. Full-size or machined test specimens

shall be as specified in the Test Specimen Section of Test
Methods E 8 and E 8M. Whenever tension test results are
obtained from both full-size and from machined test specimens
and they differ, the results obtained from full-size test speci-
mens shall be used to determine conformance to the require-
ments of this specification.

11.2 Residual stress test specimens shall be of the full size
of the product, and tested without bending, springing, polish-
ing, or any other preparation.

12. Test Methods

12.1 Chemical Analysis:
12.1.1 Chemical composition shall be determined, in case of

disagreement, as follows:
Element ASTM Test Method

Copper E 478
Iron E 478
Lead E 478 (AA)
Nickel E 478
Tin E 478 (titrimetric)
Zinc E 478 (titrimetric)

12.1.2 Test method(s) to be followed for the determination
of element(s) resulting from contractual or purchase order
agreement shall be agreed upon between the supplier and
purchaser.

13. Keywords

13.1 C46200; C46400; C47940; C48200; C48500; naval
brass; naval brass bar; naval brass rod; piston-finish rod;
piston-finish shafting

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 21 – 96
and B 21M – 96) that may impact the use of this standard.

(1) The Scope and applicable sections and tables were
changed to reflect the combination of the inch-pound and SI
versions of B 21 and B 21M.

(2) The addition of Test Method B 858 as an optional test for
residual stress.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 22 – 02

Standard Specification for
Bronze Castings for Bridges and Turntables 1

This standard is issued under the fixed designation B 22; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes requirements for bronze
castings for turntables, movable bridges and bridge parts, and
bronze castings suitable for use in bridges and other structures
for fixed and expansion bearings in which motion is slow and
intermittent. The following Copper Alloys are specified: UNS
No. C86300, C90500, C91100, C91300, and C93700.

NOTE 1—Historically, the alloys in this specification have been used in
the applications listed in Appendix X1. Actual practice may vary.2

1.2 Units—The values stated in inch/pound or SI units are
to be regarded separately as standard. The values stated in each
system may not be exact equivalents; therefore, each system
shall be used independently of the other. Combining values
from the two systems may result in nonconformance with the
specification.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standards form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:
B 208 Practice for Preparing Tension Test Specimens for

Copper-Base Alloys for Sand, Permanent Mold, Centrifu-
gal, and Continuous Castings3

B 824 Specification for General Requirements for Copper
Alloy Castings3

B 846 Terminology for Copper and Copper Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 8M Test Methods for Tension Testing of Metallic Mate-
rials (Metric)4

E 10 Test Method for Brinell Hardness of Metallic Materi-
als4

E 255 Practice for Sampling of Copper and Copper Alloys
for the Determination of Chemical Compostion5

E 527 Practice for Numbering Metals and Alloys (UNS)6

3. Terminology

3.1 For definitions of terms related to copper alloys, refer to
Terminology B 846.

4. General Requirements

4.1 The following sections of Specification B 824 form a
part of this specification. In the event of a conflict between this
specification and Specification B 824, the requirements of this
specification shall take precedence.

4.1.1 Terminology (Section 3),
4.1.2 Other Requirements (Section 7),
4.1.3 Dimensions, Mass, and Permissible Variations (Sec-

tion 8),
4.1.4 Workmanship, Finish, and Appearance (Section 9),
4.1.5 Sampling (Section 10),
4.1.6 Number of Tests and Retests (Section 11),
4.1.7 Specimen Preparation (Section 12),
4.1.8 Test Methods (Section 13),
4.1.9 Significance of Numerical Limits (Section 14),
4.1.10 Inspection (Section 15),
4.1.11 Rejection and Rehearing (Section 16),
4.1.12 Certification (Section 17),
4.1.13 Test Report (Section 18),
4.1.14 Product Marking (Section 19),
4.1.15 Packaging and Package Marking (Section 20),
4.1.16 Keywords (Section 21), and

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.05 on
Castings and Ingots for Remelting.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 22 – 36 T. Last previous edition B 22 – 95.

This specification was prepared in cooperation with representatives of the
American Association of State Highway Officials and the American Railway
Engineering Association.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.17 Supplementary Requirements.

5. Ordering Information

5.1 Include the following information when placing order
for castings products under this specification:

5.1.1 ASTM designation and year of issue (for example,
B 22-95),

5.1.2 Number of castings or total weight, for each size and
form,

5.1.3 Copper Alloy UNS Number (see Table 1), and
5.1.4 Pattern or drawing number and condition (as-cast,

machined, and so forth).
5.1.5 When material is purchased for agencies of the U.S.

government, the Supplementary Requirements in Specification
B 824 may be specified.

5.2 The following are optional and should be specified in
the purchase order when required:

5.2.1 Chemical analysis of residual elements (see 7.6),
5.2.2 Soundness requirements (Specification B 824),
5.2.3 Certification (Specification B 824),
5.2.4 Foundry test report (Specification B 824),
5.2.5 Witness inspection (Specification B 824), and
5.2.6 Product marking (Specification B 824).

6. Materials and Manufacture

6.1 Material(s):
6.1.1 The material of manufacture shall be a casting of

Copper Alloy UNS No.(s) C86300, C90500, C91100, C91300,
or C93700 of such purity and soundness as to be suitable for
processing in to the products prescribed herein.

6.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

6.2 Manufacture:
6.2.1 The product shall be manufactured by such casting

methods to produce a uniform finished product.

7. Chemical Composition

7.1 The castings shall conform to the compositional require-
ments for named elements as shown in Table 1 for the Copper
Alloy UNS Numbers specified in the purchase order.

7.2 These specification limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements agreed upon between the
manufacturer or supplier and the purchaser.

7.3 Copper or zinc may be taken as the difference between
the sum of all elements determined and 100 % for Copper
Alloy UNS No. C86300.

7.4 Copper may be taken as the difference between the sum
of all elements determined and 100 % for Copper Alloy UNS
Nos. C90500, C91100, C91300, and C93700.

7.5 When all named elements listed in Table 1 are deter-
mined their sum shall be as given in Table 2.

7.6 It is recognized that residual elements may be present in
cast copper-base alloys. Analysis shall be made for residual
elements only when specified in the inquiry or purchase order.

8. Mechanical Property Requirements

8.1 Mechanical properties shall be determined from sepa-
rately cast test bars and shall meet the requirements shown in
Table 3.

8.2 The deformation limit in compression shall be deter-
mined as that load which produces a permanent set of 0.001 in.
(0.025 mm) in the compression test specimen described in 9.3.

8.3 The yield strength in tension shall be determined as the
stress producing an elongation under load of 0.5 %, that is,
0.01 in. (0.254 mm) in a gage length of 2 in. (50.8 mm).

8.4 Finished castings in Copper Alloy UNS No. C86300
shall be tested for Brinell hardness.

8.5 One compression test shall be made from each lot for
Copper Alloy UNS Nos. C91100 and C91300 castings and one
tension test from each lot for Copper Alloy UNS No. C90500
castings. For Copper Alloy UNS No. C86300 castings, one
tension test, one compression test, and two hardness tests shall
be made for each four castings from the same lot and the same
pattern. For castings of any grade weighing over 100 lb (45 kg)
finished, the specified tests shall be made for each casting.

9. Sampling

9.1 Sampling shall be accordance with the requirements of
Practice E 255.

9.2 Copper Alloy UNS No. C86300 test bar castings shall be
cast to the form and dimensions shown in Fig. 1 or Fig. 2 of
Practice B 208. For all other alloys listed in this specification,

TABLE 1 Chemical Requirements

Copper
Alloy
UNS
No.

Composition, % max, except as indicated

Major Elements Residual Elements

Copper Tin Lead Zinc Iron
Nickel

Including
Cobalt

Alumi-
num

Man-
ganese

Iron
Anti-
mony

Nickel
Incl.

Cobalt
Sulfur

Phos-
pho-
rus

Alu-
mi-

num

Sili-
con

C86300 60.0–66.0 0.20 0.20 22.0–28.0 2.0–4.0 ... 5.0–7.5 2.5–5.0 ... ... 1.0 ... ... ... ...
C90500 86.0–89.0 9.0–11.0 0.30 1.0–3.0 ... 1.0A ... ... 0.20 0.20 ... 0.05 0.05B 0.005 0.005
C91100 82.0–85.0 15.0–17.0 0.25 0.25 ... 0.50A ... ... 0.25 0.20 ... 0.05 1.0B 0.005 0.005
C91300 79.0–82.0 18.0–20.0 0.25 0.25 ... 0.50A ... ... 0.25 0.20 ... 0.05 1.0B 0.005 0.005
C93700 78.0–82.0 9.0–11.0 8.0–11.0 0.8 ... 0.50 ... ... 0.15 0.50 ... 0.08 0.10B 0.005 0.005
A In determining copper minimum, copper may be calculated as copper plus nickel.
B For continuous castings, phosphorus shall be 1.5 % max.

TABLE 2 Sum of All Named Elements Analyzed

Elements, % min
Copper Alloy UNS No.
Copper Plus Named

C86300 99.0
C90500 99.7
C91100 99.4
C91300 99.4
C93700 99.0
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test bars shall be cast to the form and dimensions shown in Fig.
2, Fig. 3, or Fig. 4 of Practice B 208.

9.3 Compression test specimens for Copper Alloy UNS No.
C86300, C91100, and C91300 shall be cylinders 1 in.2 (506.7
mm2) in cross-sectional area, and 1 in. (25.4 mm) in height and
shall be cast as an integral part of the casting and shall be fed
and cooled under the same conditions as the casting.

10. Test Methods

10.1 Analytical chemical methods are given in Specification
B 824.

10.2 Brinell hardness testing of Copper Alloy UNS No.
C86300 castings shall be performed in accordance with Test
Method E 10 with the exception that the load shall be 3000 kg
and shall be applied for 30 s to a finished plane surface.

10.3 Test methods to be followed for the determination of
elements resulting from contractual or purchase order agree-
ment shall be as agreed upon between the manufacturer or
supplier and the purchaser.

11. Casting Repair

11.1 The castings shall not be repaired without approval of
the purchaser.

12. Keywords

12.1 bridge plates; bronze castings; copper-alloy castings;
copper-base alloy castings; expansion bearings

APPENDIXES

(Nonmandatory Information)

X1. APPLICATIONS FOR ALLOYS IN THIS STANDARD

X1.1 The alloys in this specification have historically been
used in the following applications. This information is pro-
vided for “information only” and should not be considered as
recommendations.

X1.1.1 Copper Alloy UNS No. C91300 (Formerly Alloy
A)—For contact with hardened steel disks at low speeds under
pressures not over 3 ksi (20 MPa), for example, disk-bearing
metals used in center-bearing swing bridges.

X1.1.2 Copper Alloy UNS No. C91100 (Formerly Alloy
B)—For contact with hardened steel disks at low speeds under
pressures not over 2.5 ksi (17 MPa), for example, disk-bearing
metals used in turntable and center-bearing swing bridges; for
contact with steel (tensile strength 60 ksi (415 MPa), min) at

low speeds under pressures not over 1.5 ksi (10 MPa), for
example, trunnions of movable bridges; and for bearing and
expansion plates under pressures not to exceed 2.5 ksi.

X1.1.3 Copper Alloy UNS No. C90500 (Formerly Alloy
D)—For gears, worm wheels, nuts, and similar parts that are
subjected to other than compressive stresses.

X1.1.4 Copper Alloy UNS No. C86300 (Formerly Alloy
E)—For bushings for bridge pins and similar applications in
which angular movement is slight and compressive stresses
may attain 8 ksi (55 MPa).

X1.1.5 Copper Alloy UNS No. C93700 (Formerly Alloy
C)—For ordinary machinery bearings and for bearing and
expansion plates under pressures not to exceed 1 ksi (6.9 MPa).

X2. METRIC EQUIVALENTS

X2.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which, when applied to a body having a mass of 1 kg,
gives it an acceleration of 1 m/s2 (N = kg·m/s2). The derived

SI unit for pressure or stress is the newton per square metre
(N/m2), which has been named the pascal (Pa) by the General
Conference on Weights and Measures. Since 1 ksi = 6 894 757
Pa, the metric equivalents are expressed as megapascal (MPa),
which is the same as MN/m2 and N/mm2.

TABLE 3 Mechanical Requirements

Copper Alloy
UNS No.

Tensile Strength, mm
Yield Strength, at 0.05 % Extension

Under Load, min Elongation in
2 in. (50 mm), %

Brinell Hardness,
min

Compression Deformation
Limit, min

ksiA (MPa)B ksiA (MPa)B ksiA (MPa)B

C86300 110 (760) 60 (415) 12 223 (3000 kg) 55 (380)
C90500 40 (275) 18 (125) 20 ... ... ...
C91100 ... ... ... ... ... ... 18 (125)
C91300 ... ... ... ... ... ... 24 (165)
C93700 30 (207) 12 (83) 15 ... ... ...
A 1 ksi = 1000 psi.
B See Appendix X1.
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 22 - 95)
that may impact the use of this standard.

(1) Comprehensive 5-year review completed. Some sections
were renumbered, and in some cases, reworded to conform to
the newForm and Style for ASTM Standards (Blue Book).
(2) The safety caveat was added.
(3) Table 1, Chemical Requirements has been changed to
reflect the current CDA Standard Designations. Some required
chemical compositions have been changed.

(4) Practice E 255 has been added to Section 2, Referenced
Documents and Section 9, Sampling.

(5) Material(s) and Manufacture, Section 6, has been added
per the requirementsOutline of Form C9.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 30 – 00 e2

Standard Specification for
Copper Alloys in Ingot Form 1

This standard is issued under the fixed designation B 30; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

e1 NOTE—In Table 4, Footnote B was added editorially in February 2002.
e2 NOTE—In Table 4, the values for nickel for Copper Alloy UNS No. C96800 were realigned in May 2002.

1. Scope *

1.1 This specification establishes the requirements for cop-
per alloys in ingot form for remelting for the manufacturing of
castings having the Copper Alloy UNS No. designation,
commercial designations and nominal composition shown in
Table 1 and Table 2.

1.2 A cross reference of Copper Alloy UNS Nos. and copper
alloy casting specifications is given in Table 3.

1.3 Inch-pound units are the standard. SI values given in
parentheses are for information only.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 22 Specification for Bronze Castings for Bridges and

Turntables2

B 61 Specification for Steam or Valve Bronze Castings2

B 62 Specification for Composition Bronze or Ounce Metal
Castings2

B 66 Specification for Bronze Castings for Steam Locomo-
tive Wearing Parts2

B 67 Specification for Car and Tender Journal Bearings,
Lined2

B 148 Specification for Aluminum-Bronze Sand Castings2

B 176 Specification for Copper-Alloy Die Castings2

B 194 Specification for Copper-Beryllium Alloy Plate,
Sheet, Strip, and Rolled Bar2

B 208 Practice for Preparing Tension Test Specimens for
Copper Alloy Sand, Permanent Mold, Centrifugal, and
Continuous Castings2

B 271 Specification for Copper-Base Alloy Centrifugal
Castings2

B 369 Specification for Copper-Nickel Alloy Castings2

B 427 Specification for Gear Bronze Alloy Castings2

B 505 Specification for Copper-Base Alloy Continuous
Castings2

B 584 Specification for Copper Alloy Sand Castings for
General Applications2

B 763 Specification for Copper Alloy Sand Castings for
Valve Application2

B 770 Specification for Copper-Beryllium Alloy Sand Cast-
ings for General Applications2

B 806 Specification for Copper Alloy Permanent Mold
Castings for General Applications2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes5

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)5

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys5

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition5

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

E 581 Test Methods for Chemical Analysis of Manganese-
Copper Alloys5

3. Ordering Information

3.1 Orders for ingot should include the following informa-
tion:

3.1.1 ASTM designation and year of issue (for example,
B 30 – 00),

3.1.2 Copper Alloy UNS No. (for example, C83450 and
Table 1, Table 2, Table 4, and Table 5),

3.1.3 Quantity; total weight, and
1 This specification is under the jurisdiction of ASTM Committee B05 on Copper

and Copper Alloys and is the direct responsibility of Subcommittee B05.05 on
Castings and Ingots for Remelting.

Current edition approved March 10, 2000. Published April 2000. Originally
published as B 30 – 19T. Last previous edition B 30 – 98a.

2 Annual Book of ASTM Standards,Vol 02.01.

3 Annual Book of ASTM Standards,Vol 03.01.
4 Annual Book of ASTM Standards,Vol 14.02.
5 Annual Book of ASTM Standards,Vol 03.05.

1

*A Summary of Changes section appears at the end of this standard.
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3.1.4 When purchase is for agencies of U.S. Government.
3.2 The following options are available under this specifi-

cation and shall be specified in the contract or purchase order
when required:

3.2.1 Mechanical requirements, when specified in the pur-
chase order (Section 7).

3.2.2 Nickel content in Copper Alloys UNS Nos. C90300,
C90500, C92200, and C92300 (Table 4).

TABLE 1 Nominal Compositions

Alloy Name

Copper
Alloy
UNS
No.

Previously
Used

Designation
Commercial Designation

Nominal Composition, %

Copper Tin Lead Zinc Nickel Iron
Alumi-
num

Man-
ganese

Sili-
con

Nio-
bium

Bis-
muth

Leaded red brass C83450 . . . 88 2.5 2 6.5 1 . . . . . . . . . . . . . . . . . .
C83600 4A 85-5-5-5 or No. 1 composition 85 5 5 5 . . . . . . . . . . . . . . . . . .
C83800 4B commercial red brass, 83-4-6-7 83 4 6 7 . . . . . . . . . . . . . . . . . . . . .

Leaded semi-red brass C84200 . . . semi-red brass, 80-5-2-13 80 5 2 13 . . . . . . . . . . . . . . . . . . . . .
C84400 5A valve composition 81-3-7-9 81 3 7 9 . . . . . . . . . . . . . . . . . . . . .
C84800 5B semi-red brass, 76-21⁄2-61⁄2-15 76 2.5 6.5 15 . . . . . . . . . . . . . . . . . . . . .

Leaded yellow brass C85200 6A high-copper yellow brass 72 1 3 24 . . . . . . . . . . . . . . . . . . . . .
C85400 6B commercial No. 1 yellow brass 67 1 3 29 . . . . . . . . . . . . . . . . . . . . .
C85700 6C 60–40 leaded yellow (naval)

brass
61 1 1 37 . . . . . . . . . . . . . . . . . . . . .

C85800 . . . die-cast yellow brass 62 1 1 36 . . . . . . . . . . . . . . . . . . . . .
C86100 . . . high-strength manganese

bronze
67 . . . . . . 21 . . . 3 5 4 . . . . . . . . .

Leaded high-strength
yellow brass and
high-strength
yellow brass

C86200 8B high-strength manganese
bronze

63 . . . . . . 27 . . . 3 4 3 . . . . . . . . .

C86300 8C high-strength manganese
bronze

61 . . . . . . 27 . . . 3 6 3 . . . . . . . . .

C86400 7A leaded manganese bronze 58 1 1 38 . . . 1 0.5 0.5 . . . . . . . . .
C86500 8A No. 1 manganese bronze 58 . . . . . . 39 . . . 1 1 1 . . . . . . . . .
C86700 . . . leaded manganese bronze 58 1 1 34 . . . 2 2 2 . . . . . . . . .

Silicon bronze C87300 . . . silicon bronze 95 . . . . . . . . . . . . . . . . . . 1 4 . . . . . .
Silicon brass C87400 13A silicon brass 82 . . . 0.5 14 . . . . . . . . . . . . 3.5 . . . . . .

C87500 13B 82 . . . . . . 14 . . . . . . . . . . . . 4 . . . . . .
Silicon bronze C87600 . . . silicon bronze 91 . . . . . . 5 . . . . . . . . . . . . 4 . . . . . .

C87610 . . . silicon bronze 92 . . . . . . 4 . . . . . . . . . . . . 4 . . . . . .
Silicon brass C87800 . . . die-cast silicon brass 82 . . . . . . 14 . . . . . . . . . . . . 4 . . . . . .
Bismuth tin bronze C89320A lead-free bronze 89 6 . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bismuth selenium brass C89510B lead-free bronze 87 5.0 . . . 5.0 . . . . . . . . . . . . . . . . . . 1.0

C89520C . . . lead-free brass 86 5.5 . . . 5 . . . . . . . . . . . . . . . . . . 1.9
Bismuth semi-red brass C89844 . . . cast bismuth brass 84.5 4 . . . 8 . . . . . . . . . . . . . . . . . . 3
Tin bronze and leaded

tin bronze
C90300 1B 88-8-0-4 or modified “G”

bronze
88 8 . . . 4 . . . . . . . . . . . . . . . . . . . . .

C90500 1A 88-10-0-2 or “G” bronze 88 10 . . . 2 . . . . . . . . . . . . . . . . . . . . .
C90700 . . . 89-11 gear bronze 89 11 . . . . . . . . . . . . . . . . . . . . . . . . . . .
C90800 . . . 88-12 gear bronze 88 12 . . . . . . . . . . . . . . . . . . . . . . . . . . .
C91000 . . . 85-15 tin bronze 85 15 . . . . . . . . . . . . . . . . . . . . . . . . . . .
C91100 . . . 84-16 tin bronze 84 16 . . . . . . . . . . . . . . . . . . . . . . . . . . .
C91300 . . . 81-19 tin bronze or bell metal 81 19 . . . . . . . . . . . . . . . . . . . . . . . . . . .
C91600 . . . nickel gear bronze 88 10.5 . . . . . . 1.5 . . . . . . . . . . . . . . . . . .
C91700 . . . nickel gear bronze 86.5 12 . . . . . . 1.5 . . . . . . . . . . . . . . . . . .
C92200 2A steam or valve bronze-Navy

“M”
88 6 1.5 4.5 . . . . . . . . . . . . . . . . . . . . .

C92210 . . . . . . 88 5 2 4 1 . . . . . . . . . . . . . . . . . .
C92300 2B 87-8-1-4 Navy P-C 87 8 1 4 . . . . . . . . . . . . . . . . . . . . .
C92500 87-11-1-0-1 leaded gear

bronze
87 11 1 . . . 1 . . . . . . . . . . . . . . . . . .

C92600 87-10-1-2 leaded tin bronze 87 10 1 2 . . . . . . . . . . . . . . . . . . . . .
C92700 88-10-2-0 leaded tin bronze 88 10 2 . . . . . . . . . . . . . . . . . . . . . . . .
C92800 79-16-5 leaded tin bronze 79 16 5 . . . . . . . . . . . . . . . . . . . . . . . .
C92900 leaded gear bronze 84 10 2.5 . . . 3.5 . . . . . . . . . . . . . . . . . .

High-leaded tin bronze C93200 3B 83-7-7-3 83 7 7 3 . . . . . . . . . . . . . . . . . . . . .
C93400 84-8-8 84 8 8 . . . . . . . . . . . . . . . . . . . . . . . .
C93500 3C 85-5-9-1 85 5 9 1 . . . . . . . . . . . . . . . . . . . . .
C93600 81-7-12 81 7 12 . . . . . . . . . . . . . . . . . . . . . . . .
C93700 3A 80-10-10 80 10 10 . . . . . . . . . . . . . . . . . . . . . . . .
C93800 3D 78-7-15 78 7 15 . . . . . . . . . . . . . . . . . . . . . . . .
C93900 77-6-16-1 high-lead-tin bronze 77 6 16 1 . . . . . . . . . . . . . . . . . . . . .
C94000 72-13-15 72 13 15 . . . . . . . . . . . . . . . . . . . . . . . .
C94100 journal bronze 75 5 18 2 . . . . . . . . . . . . . . . . . . . . .
C94300 71-5-24 71 5 24 . . . . . . . . . . . . . . . . . . . . . . . .
C94400 81-8-11 81 8 11 . . . . . . . . . . . . . . . . . . . . . . . .
C94500 73-7-20 73 7 20 . . . . . . . . . . . . . . . . . . . . . . . .
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TABLE 1 Continued

Alloy Name

Copper
Alloy
UNS
No.

Previously
Used

Designation
Commercial Designation

Nominal Composition, %

Copper Tin Lead Zinc Nickel Iron
Alumi-
num

Man-
ganese

Sili-
con

Nio-
bium

Bis-
muth

Nickel-tin bronze and
leaded nickel tin
bronze

C94700 nickel-tin bronze Grade “A” 88 5 . . . 2 5 . . . . . . . . . . . . . . . . . .

C94800 leaded nickel-tin bronze Grade
“B”

87 5 1 2 5 . . . . . . . . . . . . . . . . . .

C94900 leaded nickel-tin bronze Grade
“C”

80 5 5 5 5 . . . . . . . . . . . . . . . . . .

Aluminum bronze C95200 9A Grade A 88 . . . . . . . . . . . . 3 9 . . . . . . . . . . . .
C95300 9B Grade B 89 . . . . . . . . . . . . 1 10 . . . . . . . . . . . .
C95400 9C Grade C 86 . . . . . . . . . . . . 4 10 . . . . . . . . . . . .
C95410 84 . . . . . . . . . 2 4 10 . . . . . . . . . . . .
C95500 9D Grade D 81 . . . . . . . . . 4 4 11 . . . . . . . . . . . .
C95520 nickel-aluminum bronze 78.5 . . . . . . . . . 5.5 5.0 11 . . . . . . . . . . . .

Silicon aluminum bronze C95600 9E silicon-aluminum bronze 91 . . . . . . . . . . . . . . . 7 . . . 2 . . . . . .
Manganese aluminum

bronze
C95700 9F manganese-aluminum bronze 75 . . . . . . . . . 2 3 8 12 . . . . . . . . .

Nickel aluminum bronze C95800 nickel-aluminum bronze 81 . . . . . . . . . 4.5 4 9 1.5 . . . . . . . . .
Aluminum bronze C95900 aluminum bronze 82.5 . . . . . . . . . . . . 4.5 13 . . . . . . . . . . . .
Cupro-nickel C96200 90-10 cupro-nickel 87 . . . . . . . . . 10 1.5 . . . 1 . . . 1 . . .

C96400 70-30 cupro-nickel 66 . . . . . . . . . 30.5 0.5 . . . 1 . . . 1 . . .
C96800 spinodal alloy 82 8 . . . . . . 10 . . . . . . . . . 0.2 . . .

Leaded nickel bronze C97300 10A 12 % leaded nickel silver 57 2 9 20 12 . . . . . . . . . . . . . . . . . .
C97600 11A 20 % leaded nickel silver 64 4 4 8 20 . . . . . . . . . . . . . . . . . .
C97800 11B 25 % leaded nickel silver 66 5 2 2 25 . . . . . . . . . . . . . . . . . .

Special alloys C99400 87 . . . . . . 4.4 3.0 3.0 1.6 . . . 1.0 . . . . . .
C99500 87 . . . . . . 1.5 4.5 4.0 1.7 . . . 1.3 . . . . . .

White brass C99700 58 . . . 1.5 22.5 5.0 . . . 1.0 12 . . . . . . . . .
C99750 58 . . . 1.0 20.0 . . . . . . 1.0 20 . . . . . . . . .

ABismuth 5.0.
BSelenium 0.5.
CSelenium 0.9.

TABLE 2 Nominal Compositions

Alloy Name
Copper Alloy

UNS No.
Previous

Designation
Copper Nickel Iron Silicon Beryllium Cobalt

Chro-
mium

Zircon-
ium

Titan-
ium

Man-
ganese

Copper beryllium C81400 70C 99.1 . . . . . . . . . 0.06 . . . 0.8 . . . . . . . . .
C82000 10C 97 . . . . . . . . . 0.5 2.5 . . . . . . . . . . . .
C82200 3C, 14C 98 1.5 . . . . . . 0.5 . . . . . . . . . . . . . . .
C82400A 165C, 165CTA 97.8 . . . . . . . . . 1.7 0.5 . . . . . . . . . . . .
C82500A 20C, 20CTA 97.2 . . . . . . 0.3 2.0 0.5 . . . . . . . . . . . .
C82510 21C 96.6 . . . . . . 0.3 2.0 1.1 . . . . . . . . . . . .
C82600A 245C, 245CTA 96.8 . . . . . . 0.3 2.4 0.5 . . . . . . . . . . . .
C82800A 275C, 275CTA 96.6 . . . . . . 0.3 2.6 0.5 . . . . . . . . . . . .
C96700 72C 67.2 31.0 0.6 . . . 1.2 . . . . . . 0.3 0.3 0.6

AWhen fine grained castings are specified, 0.02–0.12 Ti is added.

3.2.3 Weldability test for Copper Alloys UNS Nos. C96200
and C96400 (Section 7).

3.2.4 Lot consisting of ingots from more than a single heat
or melt (Section 10.1.1).

3.2.5 Place of inspection (Section 14).
3.2.6 Type of ingot surface (5.1).

4. Material and Manufacture

4.1 Material—Any material may be used which when
melted will produce an alloy of the required chemical compo-
sition and mechanical requirements.

4.2 Manufacture:
4.2.1 Any manufacturing process may be used that will

yield ingot of uniform composition that is free of defects of a
nature that would render the ingot unsuitable for remelting.

4.2.2 Each heat or lot of ingot shall maintain heat identifi-
cation numbers.

5. Workmanship, Finish and Appearance

5.1 The ingots shall have the surface specified in the
purchase order (3.2.6).

6. Chemical Composition

6.1 The ingot shall conform to the requirements given in
Table 4 or Table 5 for the specified alloy. Ingot is an
intermediate product, therefore the limits listed in Table 4 and
Table 5 may be more restrictive than those applicable for cast
products produced from the ingot after remelting.

NOTE 1—Table 5 contain the requirements for copper-beryllium alloys.

6.1.1 Since no recognized test method is known to be
published, the determination of bismuth shall be subject to
agreement between the manufacturer or supplier and the
purchaser.
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6.1.2 These specification limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

6.2 For alloys in which copper is designated as the remain-
der, copper may be taken as the difference between the sum of
results for specified elements and 100 %.

7. Mechanical Properties

7.1 Ingot is an intermediate product intended for remelting
by the purchaser, therefore, mechanical properties are not
applicable.

NOTE 2—However, when specified in the purchase order, ingot when
remelted and cast into tension test coupons shall meet the mechanical
requirements of a specified casting specification. The place of remelting
and testing shall be as agreed upon between the purchaser and the
manufacturer. Mechanical requirements for those Copper Alloy UNS
Numbers for which no mechanical requirements are given in the appli-
cable casting specification shall be by agreement between the purchaser
and the manufacturer.

7.2 Table 3 provides a cross reference between the Copper
Alloy UNS Nos. in this specification and the casting specifi-
cations in which they appear.

TABLE 3 Alloy/Specification Cross Reference

Copper Alloy UNS No.
ASTM Copper Alloy Casting Specification

B22 B30 B61 B62 B66 B67 B148 B176 B271 B369 B427 B505 B584 B763 B770 B806

C81400 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . .
C82000 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . .
C82200 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . .
C82400 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . .
C82500 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . .
C82510 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . .
C82600 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . .
C82800 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . .
C83450 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X . . . . . .
C83600 . . . X . . . X . . . . . . . . . . . . X . . . . . . X X . . . . . . . . .
C83800 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . X X X . . . . . .
C84200 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . .
C84400 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . X X X . . . . . .
C84800 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . X X X . . . . . .
C85200 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . . . . X X . . . . . .
C85400 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . . . . X X . . . . . .
C85700 . . . X . . . . . . . . . . . . . . . X X . . . . . . X X X . . . . . .
C85800 . . . X . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . .
C86100 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C86200 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . X X X . . . . . .
C86300 X X . . . . . . . . . . . . . . . . . . X . . . . . . X X X . . . . . .
C86400 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . . . . X X . . . . . .
C86500 . . . X . . . . . . . . . . . . . . . X X . . . . . . X X X . . . . . .
C86700 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . . . . X X . . . . . .
C87300 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . . . . X X . . . . . .
C87400 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . . . . X X . . . . . .
C87500 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . . . . X X . . . X
C87600 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . . . . X X . . . . . .
C87610 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X . . . . . .
C87800 . . . X . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . . . X
C89320 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . .
C89510 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . .
C89520 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . .
C89844 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X . . . . . .
C90300 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . X X X . . . . . .
C90500 X X . . . . . . . . . . . . . . . . . . X . . . . . . X X X . . . . . .
C90700 . . . X . . . . . . . . . . . . . . . . . . . . . . . . X X . . . . . . . . . . . .
C90800 . . . X . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . .
C91000 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . .
C91100 X X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C91300 X X . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . .
C91600 . . . X . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . .
C91700 . . . X . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . .
C92200 . . . X X . . . . . . . . . . . . . . . X . . . . . . X X . . . . . . . . .
C92210 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . .
C92300 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . X X X . . . . . .
C92500 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . .
C92600 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X . . . . . .
C92700 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . .
C92800 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . .
C92900 . . . X . . . . . . . . . . . . . . . . . . . . . . . . X X . . . . . . . . . . . .
C93200 . . . X . . . . . . X . . . . . . . . . X . . . . . . X X X . . . . . .
C93400 . . . X . . . . . . X . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . .
C93500 . . . X . . . . . . . . . . . . . . . . . . X . . . . . . X X X . . . . . .
C93600 . . . X . . . . . . X . . . . . . . . . X . . . . . . X . . . . . . . . . . . .
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TABLE 3 Continued

Copper Alloy UNS No.
ASTM Copper Alloy Casting Specification

B22 B30 B61 B62 B66 B67 B148 B176 B271 B369 B427 B505 B584 B763 B770 B806

C93700 X X . . . . . . X . . . . . . . . . X . . . . . . X X X . . . . . .
C93800 . . . X . . . . . . X . . . . . . . . . X . . . . . . X X X . . . . . .
C93900 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . .
C94000 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . .
C94100 . . . X . . . . . . . . . X . . . . . . . . . . . . . . . X . . . . . . . . . . . .
C94300 . . . X . . . . . . X . . . . . . . . . X . . . . . . X X X . . . . . .
C94400 . . . X . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C94500 . . . X . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C94700 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X . . . . . .
C94800 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X . . . . . .
C94900 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X . . . . . .
C95200 . . . X . . . . . . . . . . . . X . . . X . . . . . . X . . . X . . . . . .
C95300 . . . X . . . . . . . . . . . . X . . . X . . . . . . X . . . X . . . X
C95400 . . . X . . . . . . X . . . X . . . X . . . . . . X . . . X . . . X
C95410 . . . X . . . . . . . . . . . . X . . . X . . . . . . X . . . X . . . X
C95500 . . . X . . . . . . . . . . . . X . . . X . . . . . . X . . . X . . . X
C95520 . . . X . . . . . . . . . . . . X . . . X . . . . . . X . . . . . . . . . . . .
C95600 . . . X . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . X . . . . . .
C95700 . . . X . . . . . . . . . . . . X . . . . . . . . . . . . X . . . . . . . . . . . .
C95800 . . . X . . . . . . . . . . . . X . . . X . . . . . . X . . . X . . . X
C95900 . . . X . . . . . . . . . . . . X . . . X . . . . . . X . . . . . . . . . . . .
C96200 . . . X . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . .
C96400 . . . X . . . . . . . . . . . . . . . . . . . . . X . . . X . . . . . . . . . . . .
C96700 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . .
C96800 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . .
C97300 . . . X . . . . . . . . . . . . . . . X . . . . . . . . . X X X . . . . . .
C97600 . . . X . . . . . . . . . . . . . . . X . . . . . . . . . X X X . . . . . .
C97800 . . . X . . . . . . . . . . . . . . . X . . . . . . . . . X X X . . . . . .
C99400 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . .
C99500 . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . .
C99700 . . . X . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . .
C99750 . . . X . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . .

8. Performance Requirements

8.1 Weldability—When specified in the contract or purchase
order, ingots produced from Copper Alloys No. C96200 and
C96400 shall pass the weldability test requirements when
subjected to test in accordance with the Weldability Test
Section of Specification B 369.

9. Purchases for Agencies of the U.S. Government

9.1 When a purchase is specified in the contract or purchase
order to be for an agency of the U.S. Government, the material
shall conform to the Special Government Requirements as
stipulated in the Supplementary Requirements section.

10. Sampling

10.1 The lot size, portion size, and selection of portion
pieces shall be as follows:

10.1.1 Lot Size—An inspection lot shall be all ingots subject
to inspection which are produced from a single furnace charge
during one casting period.

10.1.2 Portion Size—The portion size shall be not less than
100 lbs (45.5 kg).

10.1.3 Selection of Portion Pieces—The sample ingot(s)
shall be randomly selected.

10.2 Chemical Analysis:
10.2.1 The sample for chemical analysis shall be taken in

accordance with Practice E 255 from the piece(s) selected in
10.1.2. The minimum weight of the composite sample shall be
150 g.

10.2.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of sampling at
the time the ingots are poured and at least two samples shall be
taken during the pouring period.

10.2.2.1 When chemical composition is determined during
the course of manufacture, sampling and analysis of the
finished product is not required.

10.3 Tension Testing:
10.3.1 Tension test coupons, when required by the purchase

order, shall be cast to the form and dimensions of the
applicable figure in Practice B 208 as prescribed in the appli-
cable casting specification.

10.3.2 Tension test coupons for those Copper Alloy UNS
Nos. for which no applicable figure in Practice B 208 is
prescribed in the applicable casting specification shall be as
agreed upon between the manufacturer or supplier and the
purchaser.

11. Number of Tests and Retests

11.1 Tests:
11.1.1 Chemical Analysis—Chemical composition shall be

determined as the average of results from at least two deter-
minations for each element with a limiting value listed in Table
4 or Table 5 for the specified copper alloy.

11.1.2 Weldability Test—When required, Copper Alloy
UNS Nos. C96200 and C96400 shall meet the requirements of
the weldability test.

11.2 Retests:
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11.2.1 When requested by the manufacturer or supplier, a
retest may be permitted should test results obtained by the
purchaser fail to conform with the requirements of Table 4 or
Table 5 for the specified alloy.

11.2.1.1 The retest shall be as directed in 11.1.2 except the
number of replicate determinations shall be twice that of the
first test. All determinations shall conform to specification
requirements and failure to comply shall be cause for lot
rejection.

12. Specimen Preparation

12.1 Chemical Analysis—Preparation of the analytical
specimen shall be the responsibility of the reporting laboratory.

13. Test Methods

13.1 Test methods used for quality control or production
control, or both, for determining conformance to product
property requirements are discretionary.

13.1.1 Test methods used to obtain data for the preparation
of certification or test report shall be made available to the
purchaser on request.

13.2 Chemical Analysis—In case of disagreement, the test
method to be followed for a specific element and range or
maximum concentration shall be as indicated in Table 6 for
alloys listed in Table 4.

13.2.1 Refer to the Annex of Specification B 194 for test
methods to be followed in the analysis of Copper-Beryllium
alloys listed in Table 5.

13.2.2 The determination of magnesium, niobium, zirco-
nium, and titanium, for which no recognized test method is
known to be published, shall be subject to agreement between
the manufacturer or supplier and the purchaser.

TABLE 4 Ingot Chemical Requirements

Classifi-
cation

Copper
Alloy
UNS
No.

Composition, % max except as indicated Corresponding
ASTM

Casting
SpecificationsA

Copper Tin Lead Zinc Iron
Anti-
mony

Nickel
(incl

Cobalt)

Sul-
fur

Phos-
phorus

Alumi-
num

Man-
ganese

Silicon
Bis-
muth

Other

Leaded
red
brass

C83450 87.0–89.0 2.2–3.0 1.5–2.5 5.8–7.5 0.25 0.25 0.8–1.5 0.08 0.03 0.005 . . . 0.005 . . . B 584 (C83450)
B 763 (C83450)

C83600 84.0–86.0B 4.3–6.0 4.0–5.7 4.3–6.0 0.25 0.25 0.8 0.08 0.03 0.005 0.005 B 62 (C83600)
B 271 (C83600)
B 505 (C83600)
B 584 (C83600)

C83800 82.0–83.5B 3.5–4.2 5.8–6.8 5.5–8.0 0.25 0.25 0.8 0.08 0.02 0.005 0.005 B 584 (C83800)
B 271 (C83800)
B 505 (C83800)
B 763 (C83800)

Leaded
semi-
red

C84200 78.0–82.0 4.3–6.0 2.0–2.8 10.0–16.0 0.35 0.25 0.8 0.08 0.02 0.005 0.005 B 505 (C84200)

brass C84400 79.0–82.0B 2.5–3.5 6.3–7.7 7.0–10.0 0.35 0.25 0.8 0.08 0.02 0.005 0.005 B 584 (C84400)
B 271 (C84400)
B 505 (C84400)
B 763 (C84400)

C84800 75.0–76.7B 2.3–3.0 5.5–6.7 13.0–16.0 0.35 0.25 0.8 0.08 0.02 0.005 0.005 B 584 (C84800)
B 271 (C84800)
B 505 (C84800)
B 763 (C84800)

Leaded
yellow

C85200 70.0–73.0 0.8–1.7 1.5–3.5 21.0–27.0 0.50 0.20 0.8 0.05 0.01 0.005 0.05 B 271 (C85200)

brass B 584 (C85200)
B 763 (C85200)

C85400 66.0–69.0 0.50–1.5 1.5–3.5 25.0–31.0 0.50 0.8 0.005 0.05 B 271 (C85400)
B 584 (C85400)
B 763 (C85400)

C85700 58.0–63.0 0.50–1.5 0.8–1.5 33.0–40.0 0.50 0.8 0.80 0.05 B 271 (C85700)
B 176 (C85700)
B 584 (C85700)
B 763 (C85700)
B 763 (C85710)

C85710 58.0–63.0 1.0 1.0–2.5 32.0–39.0 0.8 1.0 0.20–0.8 0.50 0.05 B 584 (C85710)
C85800 57.0 minC 1.5 1.5 31.0–41.0 0.50 0.05 0.50 0.05 0.01 0.50 0.25 0.25 0.05As B 176
C86100 66.0–68.0 0.10 0.10 remainder 2.0–4.0 . . . . . . . . . . . . 4.5–5.5 2.5–5.0 . . . . . .

High-
strength

C86200 60.0–66.0 0.10 0.10 22.0–28.0 2.0–4.0 0.8 3.0–4.9 2.5–5.0 B 271 (C86200)

yellow
brass

B 505 (C86200)

B 584 (C86200)
B 763 (C86200)

C86300 60.0–66.0 0.10 0.10 22.0–28.0 2.0–4.0 0.8 5.0–7.5 2.5–5.0 B 22 (C86300)
B 271 (C86300)
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TABLE 4 Continued

Classifi-
cation

Copper
Alloy
UNS
No.

Composition, % max except as indicated Corresponding
ASTM

Casting
SpecificationsA

Copper Tin Lead Zinc Iron
Anti-
mony

Nickel
(incl

Cobalt)

Sul-
fur

Phos-
phorus

Alumi-
num

Man-
ganese

Silicon
Bis-
muth

Other

B 505 (C86300)
B 584 (C86300)
B 763 (C86300)

C86400 56.0–62.0 0.50–1.0 0.50–1.3 34.0–42.0 0.40–2.0 0.8 0.50–1.5 0.10–
1.0

B 271 (C86400)

B 584 (C86400)
B 763 (C86400)

C86500 55.0–60.0 1.0 0.30 36.0–42.0 0.40–2.0 0.8 0.50–1.5 0.10–
1.5

B 271 (C86500)

B 176 (C86500)
B 505 (C86500)
B 584 (C86500)
B 763 (C86500)

C86700 55.0–60.0 1.5 0.50–1.5 30.0–38.0 1.0–3.0 0.8 1.0–3.0 1.0–3.5 B 584 (C86700)
B 271 (C86700)
B 763 (C86700)

Silicon C87300 94.0 min 0.20 0.25 0.20 0.8–1.5 3.5–4.5 B 271 (C87300)
bronze
and
silicon

B 584 (C87300)
B 763 (C87300)

brass C87400 79.0 minC 1.0 12.0–16.0 0.5 2.5–4.0 B 271 (C87400)
B 584 (C87400)
B 763 (C87400)

C87500 79.0 minC 0.50 12.0–16.0 0.5 3.0–5.0 B 271 (C87500)
B 806 (C87500)
B 763 (C87500)
B 584 (C87500)

C87600 88.0 minC 0.50 4.0–7.0 0.20 0.25 3.5–5.5 B 584 (C87600)
B 271 (C87600)

. . . B 763 (C87600)
C87610 90.0 minC . . . 0.20 3.0–5.0 0.20 . . . . . . . . . . . . 0.25 3.0–5.0 B 584 (C87610)

B 763 (C87610)
C87800 80.0 minD 0.25 0.15 12.0–16.0 0.15 0.05 0.20 0.05 0.01 0.15 0.15 3.8–4.2 0.05As

0.01 Mg
B 176 (C87800)

B 806 (C87800)
C87900 83.0 minC 0.25 0.25 30.0–36.0 0.40 0.05 0.50 0.05 0.01 0.15 0.15 0.8–1.2 0.05As B 176 (C87900)

Bismuth
tin
bronze

C89320 87.0–91.0 5.0–7.0 0.09 1.0 0.20 0.35 1.0 0.08 0.30 0.005 . . . 0.005 Bi 4.0
–6.0

B 505 (C89320)

Bismuth
selenium
brass

C89510 86.0–88.0 4.0–6.0 0.25 4.0–6.0 0.20 0.25 1.0 0.08 0.05 0.005 . . . 0.005 0.5–1.5 Se 0.35
–0.75

C89520 85.0–87.0 5.0–6.0 0.25 4.0–6.0 0.20 0.25 1.0 0.08 0.05 0.005 . . . 0.005 1.6–2.2 Se 0.8
–1.1

B 584 (C89520)

Bismuth
semi-

C89844 83.0–86.0B 3.0–5.0 0.20 7.0–10.0 0.30 0.25 1.0 0.08 0.05 0.005 0.005 2.0–4.0 B 584 (C89844)

red
brass

B 763 (C89844)

Tin
Bronze
and

C90300 86.0–89.0B 7.8–9.0 0.25 3.5–5.0 0.15 0.20 0.8 0.05 0.03 0.005 0.005 B 271 (C90300)

leaded
tin

B 763 (C90300)

bronze B 505 (C90300)
B 584 (C90300)

C90500 86.0–89.0B 9.5–10.5 0.25 1.5–3.0 0.15 0.20 0.8 0.05 0.03 0.005 0.005 B 22 (C90500)
B 271 (C90500)
B 763 (C90500)
B 505 (C90500)
B 584 (C90500)

C90700 88.0–90.0 10.3–12.0 0.50E 0.50E 0.15 0.10 0.10 0.50E 0.05 0.30 0.005 0.005 B 505 (C90700)
B 427 (C90700)

C90800 85.0–89.0F11.3–13.0 0.25 0.25 0.15 0.10 0.50 0.05 0.30 0.005 0.005 B 427 (C90800)
C91000 84.0–86.0 14.3–16.0 0.20 1.5 0.10 0.10 0.8 0.05 0.03 0.005 0.005 B 505 (C9100)
C91100 82.0–85.0 15.3–17.0 0.25 0.25 0.15 0.20 0.50 0.05 1.0 0.005 0.005 B 22 (C91100)
C91600 86.0–89.0G10.0–10.8 0.25 0.25 0.15 0.10 1.2–2.0 0.05 0.25 0.005 0.005 B 427 (C91600)
C91700 84.0–87.0F11.5–12.5 0.25 0.25 0.15 0.10 1.2–2.0 0.05 0.30 0.005 0.005 B 427 (C91700)
C92200 86.0–89.0B 5.8–6.5 1.0–1.8 3.5–5.0 0.20 0.20 0.8 0.05 0.03 0.005 0.005 B 61 (C92200)

B 271 (C92200)
B 505 (C92200)
B 584 (C92200)
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TABLE 4 Continued

Classifi-
cation

Copper
Alloy
UNS
No.

Composition, % max except as indicated Corresponding
ASTM

Casting
SpecificationsA

Copper Tin Lead Zinc Iron
Anti-
mony

Nickel
(incl

Cobalt)

Sul-
fur

Phos-
phorus

Alumi-
num

Man-
ganese

Silicon
Bis-
muth

Other

C92300 85.0–89.0B 7.8–9.0 0.30–0.9 3.0–5.0 0.20 0.20 0.8 0.05 0.03 0.005 0.005 B 271 (C92300)
B 763 (C92300)
B 505 (C92300)
B 584 (C92300)

C92500 85.0–88.0 10.3–12.0 1.0–1.5 0.50 0.20 0.20 0.8–1.5 0.05 0.30 0.005 0.005 B 505 (C92500)
C92600 86.0–88.5B 9.3–10.5 0.8–1.5 1.3–2.5 0.20 0.25 0.7 0.05 0.03 0.005 0.0050 B 584 (C92600)

B 763 (C92600)
C92700 86.0–89.0 9.3–11.0 1.0–2.3 0.8 0.15 0.20 0.8 0.05 0.30 0.005 0.005 B 505 (C92700)
C92800 78.0–82.0 15.3–17.0 4.0–5.7 0.8 0.15 0.20 0.8 0.05 0.30 0.005 0.005 B 505 (C92800)
C92900 82.0–86.0F 9.3–11.0 2.0–3.0 0.25 0.15 0.10 2.8–4.0 0.05 0.50 0.005 0.005 B 427 (C92900)

B 505 (C92900)
High-
lead
tin
bronze

C93200 82.0–84.0B 6.5–7.5 6.5–7.7 2.5–4.0 0.20 0.30 0.8 0.08 0.03 0.005 0.005 B 66 (C93200)

B 271 (C93200)
B 763 (C93200)
B 505 (C93200)
B 584 (C93200)

C93400 82.0–85.0 7.3–9.0 7.0–8.7 0.8 0.20 0.30 0.8 0.08 0.03 0.005 0.005 B 505 (C93400)
C93500 83.0–85.0B 4.5–5.5 8.5–9.7 0.50–1.5 0.10 0.30 0.8 0.08 0.04 0.005 0.005 B 66 (C93400)

B 271 (C93500)
B 763 (C93500)
B 505 (C93500)
B 584 (C93500)

C93600 79.0–82.0 6.3–7.7 11.3–13.0 1.0 0.15 0.50 0.8 0.08 0.05 0.005 0.005 B 271 (C93600)
B 505 (C93600)
B 66 (C93600)

C93700 78.0–81.0B 9.3–10.7 8.3–10.7 0.8 0.10 0.50 0.8 0.08 0.05 0.005 0.005 B 22 (C93700)
B 66 (C93700)

B 763 (C93700)
B 271 (C93700)
B 505 (C93700)
B 584 (C93700)

C93800 76.0–79.0 6.5–7.5 14.0–16.0 0.8 0.10 0.50 0.8 0.08 0.05 0.005 0.005 B 66 (C93800)
B 763 (C93800)
B 271 (C93800)
B 505 (C93800)
B 584 (C93800)

C93900 76.5–79.5 5.3–7.0 14.0–17.7 1.5 0.35 0.50 0.8 0.08 0.05 0.005 0.005 B 505 (C93900)
C94000 69.0–72.0 12.3–14.014.0–15.7 0.50 0.25 0.50 0.50–1.0 0.08 0.05 0.005 0.005 B 505 (C94000)
C94100 74.0–79.0 4.7–6.5 15.0–21.7 1.0 0.10 0.7 0.8 0.08 0.05 0.005 0.005 B 67 (C94100)

B 505 (C94100)
C94300 69.0–73.0B 4.7–5.8 23.0–27.0 0.8 0.10 0.7 0.8 0.08 0.05 0.005 0.005 B 66 (C94300)

B 763 (C94300)
B 271 (C94300)
B 505 (C94300)
B 584 (C94300)

C94400 78.0–82.0 7.3–9.0 9.0–11.7 0.8 0.10 0.7 0.8 0.08 0.05 0.005 0.005 B 66 (C94400)
C94500 70.0–75.0 6.3–8.0 16.0–21.5 1.0 0.10 0.7 0.8 0.08 0.05 0.005 0.005 B 66 (C94400)
C94500 70.0–75.0 6.3–8.0 16.0–21.5 1.0 0.10 0.7 0.8 0.08 0.05 0.005 0.005 B 66 (C94500)

Nickel
tin

C94700 86.0–89.0 4.7–6.0 0.08H 1.3–2.5 0.20 0.10 4.5–6.0 0.05 0.05 0.005 0.005 B 505 (C94700)

B 584 (C94700)
bronze
and

B 763 (C94700)

C94800 85.0–89.0 4.7–6.0 0.30–0.9 1.3–2.5 0.20 0.10 4.5–6.0 0.05 0.05 0.005 0.005 B 505 (C94800)
leaded
nickel

B 763 (C94800)

tin
bronze

C94900 79.0–81.0 4.3–6.0 4.0–5.7 4.3–6.0 0.25 0.25 4.5–6.0 0.08 0.05 0.005 0.005 B 584 (C94800)

B 763 (C94900)
B 584 (C94900)

Alumi-
num

C95200 86.0 minG 2.5–4.0 8.5–9.5 B 148 (C95200)

bronze B 763 (C95200)
B 271 (C95200)
B 505 (C95200)
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TABLE 4 Continued

Classifi-
cation

Copper
Alloy
UNS
No.

Composition, % max except as indicated Corresponding
ASTM

Casting
SpecificationsA

Copper Tin Lead Zinc Iron
Anti-
mony

Nickel
(incl

Cobalt)

Sul-
fur

Phos-
phorus

Alumi-
num

Man-
ganese

Silicon
Bis-
muth

Other

C95300 86.0 minG 0.8–1.5 9.0–11.0 B 148 (C95300)
B 763 (C95300)
B 271 (C95300)
B 505 (C95300)
B 806 (C95300)

C95400 83.0 min 3.0–5.0 1.5 max 10.0–11.5 0.5 B 148 (C95400)
B 66 (C95400)

B 763 (C95400)
B 271 (C95400)
B 505 (C95400)
B 806 (C95400)

C95410 83.0 min 3.0–5.0 1.5–2.5 10.0–11.5 0.5 B 148 (C95410)
B 763 (C95410)
B 271 (C95410)
B 505 (C95410)
B 806 (C95410)

C95500 78.0 min 3.0–5.0 3.0–5.5 10.0–11.5 3.5 B 148 (C95500)
B 763 (C95500)
B 271 (C95500)
B 505 (C95500)
B 806 (C95500)

C95520 74.5 minI 0.25 0.03 0.30 4.0–5.5 . . . 4.2–6.0 . . . . . . 10.5–11.5 1.5 0.15 B 148 (C95520)
B 271 (C95520)
B 505 (C95520)

C95600 88.0 minG 0.25 6.0–8.0 1.8–3.3 B 148 (C95600)
B 763 (C95600)

C95700 71.0 min 0.03 2.0–4.0 1.5–3.0 7.0–8.5 11.0–
14.0

0.10 B 148 (C95700)

B 505 (C95700)
C95800 78.0 min 0.02 3.5–4.5J 4.0–5.0J 8.5–9.5 0.8–1.5 0.05 B 148 (C95800)

B 763 (C95800)
B 271 (C95800)
B 505 (C95800)
B 806 (C95800)

C95900 remainder 3.0–5.0 0.5 12.0–13.5 1.5 B 148 (C95900)
B 271 (C95900)
B 505 (C95900)

Cupro-
nickel

C96200 84.5–87.0 0.005 1.0–1.8 9.0–11.0 0.02 0.02 0.005 0.8–1.5 0.25 0.05 C B 369 (C96200)

1.0 Nb
C96400 65.0–67.0 0.005 0.25–1.0 29.5–

31.5
0.02 0.02 0.005 0.8–1.5 0.30–

0.50
0.05 C B 369 (C96400)

0.7–
1.5 Nb

B 505 (C96400)

C96800 remainder 7.5–8.5 0.1–
0.3 Nb

9.5–10.5† 0.05–
0.30

0.005–
0.15 Mg

B 584 (C96800)

0.1–
0.3 Nb

B 176 (C97300)

Leaded
nickel

C97300 53.0–58.0 1.5–3.0 8.0–11.0 17.0–25.0 1.0 0.35 11.0–
14.0

0.08 0.05 0.005 0.5 0.05 B 584 (C97300)

B 505 (C97300)
B 763 (C97300)

bronze C97600 63.0–66.0 3.5–4.5 3.5–5.0 3.0–9.0 1.0 0.25 19.5–
21.0

0.08 0.05 0.005 1.0 0.05 B 584 (C97600)

B 176 (C97600)
B 763 (C97600)
B 505 (C97600)

C97800 64.0–67.0 4.5–5.5 1.0–2.0 1.0–4.0 1.0 0.20 24.0–
26.0

0.08 0.05 0.005 1.0 0.05 B 584 (C97800)

B 176 (C97800)
B 763 (C97800)

Special
alloys

C99400 remainder . . . 0.25 5.0 5.5 . . . 5.5 . . . . . . 2.0 . . . 2.0 . . . B 763 (C99400)

C99500 remainder . . . 0.25 2.0 5.5 . . . 5.5 . . . . . . 2.0 . . . 2.0 . . . B 763 (C99500)
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TABLE 4 Continued

Classifi-
cation

Copper
Alloy
UNS
No.

Composition, % max except as indicated Corresponding
ASTM

Casting
SpecificationsA

Copper Tin Lead Zinc Iron
Anti-
mony

Nickel
(incl

Cobalt)

Sul-
fur

Phos-
phorus

Alumi-
num

Man-
ganese

Silicon
Bis-
muth

Other

White
brass

C99700 54.0 min 1.0 2.0 19.0–25.0 1.0 . . . 4.0–6.0 . . . . . . 0.50–3.0 11.0–
15.0

. . . . . . B 176 (C99700)

C99750 55.0–61.0 . . . 0.5–2.5 17.0–
23.0

1.0 . . . 5.0 . . . . . . 0.25–3.0 17.0–
23.0

. . . . . . B 176 (C99750)

AAnnual Book of ASTM Standards, Vol 02.01.
BIn determining copper minimum, copper may be calculated as copper plus nickel.
CTotal named elements = 99.5 % min.
DTotal named elements = 99.8 % min.
ETotal lead, zinc, and nickel = 1 % max.
FCopper plus tin plus lead plus nickel plus phosphorus = 99.5 % min.
GTotal named elements = 99.0 % min.
HThe mechanical requirements of Copper Alloy UNS No. C94700 (Heat Treated) may not be attained if the lead content exceeds 0.01 %.
IChromium shall be 0.05 max and cobalt 0.20 max.
JIron content shall not exceed nickel content.

† Nickel value for C96800 was realigned editorially.

TABLE 5 Chemical Requirements

Classi-
fication

Copper
Alloy

UNS No.

Composition, % max except as indicated

Copper Beryllium Cobalt Nickel Iron Silicon Zirconium Titanium Zinc
Chro-
mium

Lead
Manga-

nese
Alumi-
num

Tin

Copper
beryl-
liumA

C81400 remainder 0.05–0.10 . . . . . . . . . . . . . . . . . . . . . 0.6–1.0 . . . . . . . . . . . .

C82000 remainder 0.5–0.8 2.40–2.70 0.20 0.10 0.15 . . . . . . 0.10 0.10 0.02 . . . 0.10 0.10
C82200 remainder 0.40–0.8 0.30 1.0–2.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C82400B remainder 1.65–1.85 0.20–0.65 0.20 0.20 . . . . . . . . . 0.10 0.10 0.02 . . . 0.15 0.10
C82500B remainder 1.95–2.25 0.35–0.70 0.20 0.25 0.20–0.35 . . . . . . 0.10 0.10 0.02 . . . 0.15 0.10
C82510 remainder 1.95–2.15 1.00–1.20 0.20 0.25 0.20–0.35 . . . . . . 0.10 0.10 0.02 . . . 0.15 0.10
C82600B remainder 2.3–2.55 0.35–0.65 0.20 0.25 0.20–0.35 . . . . . . 0.10 0.10 0.02 . . . 0.15 0.10
C82800B remainder 2.55–2.85 0.35–0.70 0.20 0.25 0.20–0.35 . . . . . . 0.10 0.10 0.02 . . . 0.15 0.10
C96700 remainder 1.15–1.40 . . . 29.0–33.0 0.40–1.0 0.15 0.15–0.35 0.15–0.35 . . . . . . 0.01 0.40–1.0 . . . . . .

ACopper-beryllium alloys appear in Specification B 770, Annual Book of ASTM Standards, Vol 02.01.
BWhen fine grained castings are specified, 0.02–0.12 Ti is added for grain refinement, usually in the remelt ingot.

TABLE 6 Chemical Test Methods

Element Range or Max % Test Method

Aluminum (Al) 0.005–13.5 E 478
Antimony (Sb) 0.05–0.70 E 62
Arsenic (As) 0.50 E 62
Carbon (C) 0.5 E 76
Copper (Cu) 50–99.75 E 478
Iron (Fe) 0.003–1.25 E 478

5 E 54
Lead (Pb) 0.002–15 E 478; Atomic Absorption

2–30 E 478; Titrimetric
Manganese (Mn) 0.10–12 E 62

12–23 E 581
Nickel (Ni) (incl Cobalt (Co)) 5 E 478; Photometric

4–35 E 478; Gravimetric
Phosphorus (P) 0.01–1.0 E 62
Silicon (Si) 0.005–5.5 E 54; Perchloric Acid Dehydration
Sulfur (S) 0.05–0.08 E 76; Direct Combustion
Tin (Sn) 0.01–1 E 478; Photometric

0.5–20 E 478; Titrimetric
Zinc (Zn) 0.02–2 E 478; Atomic Absorption

2–40 E 478; Titrimetric

13.2.3 Test method(s) for the determination of elements
required by contractual or purchase order agreement shall be as
agreed upon between the manufacturer and the purchaser.

13.3 Tension Testing—When mechanical requirements are
specified in the purchase order tension testing shall be per-
formed in accordance with Test Methods E 8.
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14. Significance of Numerical Limits

14.1 For purposes of determining compliance with the
specified limits for chemical composition an observed or
calculated value shall be rounded as indicated in accordance
with the rounding-off method of Practice E 29.

Property Rounded Limit for Observed or Calculated Value

Chemical composition nearest unit in the last right-hand significant digit used
in expressing the limiting value

15. Inspection

15.1 The manufacturer shall inspect and make tests neces-
sary to verify that the product furnished conforms to specifi-
cation requirements.

15.2 The purchaser may have a representative inspect or
witness the inspection and testing of the product prior to
shipment. Such an arrangement shall be made by the purchaser
and the manufacturer as part of the contract or purchase order.
When such inspection or witness of inspection and testing is
agreed upon, the manufacturer shall afford the purchaser’s
representative all reasonable facilities necessary to confirm that
the product meets the requirements of the contract or purchase
order. The purchaser’s inspection and tests shall be conducted
in such a manner that they will not interfere unnecessarily with
the manufacturer’s operation.

16. Rejection and Rehearing

16.1 Rejection:
16.1.1 Product which fails to conform to the requirements

of this specification when inspected or tested by the purchaser
or purchaser’s agent may be rejected.

16.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly and in writing.

16.1.3 When dissatisfied with test results upon which rejec-
tion was based, the manufacturer, or supplier, may make claim
for a rehearing.

16.2 Rehearing:
16.2.1 As a result of product rejection, the manufacturer or

supplier may make claim for a retest to be conducted by the
manufacturer or supplier and the purchaser.

16.2.2 Ingots selected for sampling shall be twice that
specified in Section 10. Sampling of the randomly selected
ingots shall be in accordance with Practice E 255.

16.2.2.1 The composite sample shall be analyzed by both
parties using the test methods identified in this specification for
each element to be determined, or, alternatively, upon agree-
ment by both parties, an independent laboratory may be
selected for the test(s) using the test method prescribed in this
specification.

17. Certification

17.1 The purchaser shall be furnished certification that
samples representing each lot have been either tested or
inspected as directed in this specification and the requirements
have been met.

18. Test Report (Foundry)

18.1 When tension testing is performed by the manufacturer
because of purchase order requirements a report of the test
results shall be furnished. The test report shall indicate what
type of tension test bar casting was used (sand cast, permanent
mold, and so forth).

19. Product Marking

19.1 The designating mark of the manufacturer shall be
marked for identification on each ingot.

20. Packaging and Package Marking

20.1 Packaging—The product shall be prepared for ship-
ment in such a manner as to ensure acceptance by common
carrier for transportation and to afford protection from normal
hazards of transportation.

20.2 Package Marking—Each shipping unit shall be legibly
marked with the contract or purchase order number, Copper
Alloy UNS No. designation, heat number, gross and net
weight, and name of supplier. The specification number shall
be shown when specified in the contract or purchase order.

21. Keywords

21.1 copper alloy; copper alloy castings; copper-base al-
loys; copper-base alloy castings; ingot

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:6

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standard:6

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:6

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection:
6 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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S2.1.1 Unless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or order, the manufacturer
may use his own or any other suitable facilities for the
performance of the inspection and test requirements specified
unless disapproved by the purchaser. The purchaser shall have
the right to perform any of the inspections and tests set forth in
the specification where such inspections are deemed necessary
to assure that material conforms to prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:

S4.1.1 Military Agencies—The material shall be separated
by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, packed, Level A, B, or C, as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:

S4.2.1 Military Agencies—In addition to any special mark-
ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

SUMMARY OF CHANGES

Committee B05, Copper and Copper Alloys, has identified the location of selected changes to this standard
since the last issue (B 30 – 98a) that may impact the use of this standard.

(1) Table 1 revised to include bismuth selenium brass C89510.
(2) Table 3 revised to indicate the inclusion of alloy C89510 in

ASTM Specifications B 30 and B 584.
(3) Table 4 revised to include bismuth selenium brass C89510.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 36/B 36M – 01

Standard Specification for
Brass Plate, Sheet, Strip, And Rolled Bar 1

This standard is issued under the fixed designation B 36/B 36M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification establishes the requirements for brass
plate, sheet, strip, and rolled bar of the following alloys:2

Nominal Composition
Copper Alloy

UNS No.
Previously Used

Designation Copper, % Zinc, %

C21000 1 95 5
C22000 2 90 10
C22600 . . . 87.5 12.5
C23000 3 85 15
C24000 4 80 20
C26000 6 70 30
C26800 8 66 34
C27200 9 63 37
C28000 . . . 60 40

1.2 The values stated in either inch-pound units or SI units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combing
values from two systems may results in nonconformance with
the standard.

2. Referenced Documents

2.1 The following documents in the current issue of Book of
Standards form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:
B 248 Specification for Requirements for Wrought Copper

and Copper Alloy Plate, Sheet, Strip, and Rolled Bar3

B 248M Specification for Requirements for Wrought Cop-
per and Copper Alloy Plate, Sheet, Strip, and Rolled Bar
[Metric]3

B 601 Practice for Temper Designations for Copper and
Copper Alloys-Wrought and Cast3

B 846 Standard Terminology for Copper and Copper Al-
loys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]4

E 112 Test Methods for Determining Grain Size4

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

3. General Requirements

3.1 The following sections of Specification B 248 [B 248M]
constitute a part of this specification:

3.1.1 Terminology
3.1.2 Materials and Manufacture
3.1.3 Dimensions, Mass, and permissible Variations
3.1.4 Workmanship, Finish, and Appearance
3.1.5 Sampling
3.1.6 Number of tests and Retests
3.1.7 Specimen Preparation
3.1.8 Test Methods
3.1.9 Significance of Numerical Limits
3.1.10 Inspection
3.1.11 Rejection and Rehearing
3.1.12 Certification
3.1.13 Test Reports
3.1.14 Packaging and Package Marking
3.2 In addition, when a section with a title identical to that

referenced in 3.1, appears in this specification, it contains
additional requirements which supplement those appearing in
Specification B 248 [B 248M].

4. Terminology

4.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Orders for products should include the following infor-
mation:

5.1.1 ASTM designation and year of issue,
5.1.2 Copper alloy UNS No. designation,
5.1.3 Quantity,
5.1.4 Form of material: plate, sheet, strip, or rolled bar,

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved April 10, 2001 . Published August 2001. Originally
published as B 36 – 20 T. Last previous edition B 36/36M – 95.

2 SAE Specifications CA210, CA220, CA230, CA240, CA260, CA268, and
CA272 conform to the requirements for Copper Alloy UNS Nos. C21000, C22000,
C23000, C24000, C26000, C26800, and C27200, respectively.

3 Annual Book of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 03.06.

1
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5.1.5 Temper (Section 7),
5.1.6 Dimensions: thickness, width, and length if appli-

cable,
5.1.7 Tolerances (Section 10),
5.1.8 How furnished: rolls, stock lengths with or without

ends, specific lengths with or without ends (Section 10),
5.1.9 Type of edge, if required (Section 10),
5.1.10 When the product is purchased for agencies of the

U.S. Government.
5.2 The following options are available and should be

specified at the time of placing the order when required:
5.2.1 Heat identification or traceability details,
5.2.2 Certification,
5.2.3 Mill test report,
5.2.4 Special tests or exceptions, if any.
5.2.5 Supplemental requirements for agencies of the U.S.

Government as given in Specification B 248 [B 248M].

6. Chemical Composition

6.1 The material shall conform to the chemical composi-
tional requirements in Table 1 for the copper alloy UNS No.
designation specified in the ordering information.

6.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and purchaser.

6.3 Either copper or zinc may be taken as the difference
between the sum of all elements analyzed and 100 %. When all
elements in Table 1 are analyzed, the sum of the results shall be
as shown in the in the table as follows:

Copper Alloy UNS No. Copper Plus Named Elements, % min

C21000 99.8
C22000 99.8
C22600 99.8
C23000 99.8
C24000 99.8
C26000 99.7
C26800 99.7
C27200 99.7
C28000 99.7

7. Temper

7.1 As Hot-Rolled (M20)—The standard temper of sheet
and plate and produced by hot rolling as designated in Table 2.

7.2 Rolled (H)—The standard tempers of rolled material are
as designated in Table 2 with the prefix “H”. Former designa-
tions and the standard designations as defined in Practice B 601
are shown.

7.3 Annealed (OS)—The standard tempers of annealed ma-
terial are as designated in Tables 3 and 4. Nominal grain size
and the standard designations are defined in Practice B 601 are
shown.

7.4 Annealed-To-Temper (O)—The standard tempers of
annealed-to-temper material are as designated in Table 5 with
the prefix “O.” Former designations and the standard designa-
tions as defined in Practice B 601 are shown.

7.5 Special or nonstandard tempers are subject to negotia-
tion between the manufacturer and purchaser (See 5.1.5).

8. Grain Size

8.1 Grain size shall be standard requirement for all products
of the annealed (OS) tempers.

8.2 Acceptance or rejection based upon grain size shall
depend only on the average grain size of the test specimens and
shall be within the limits prescribed in Table 3 when deter-
mined in accordance with Test Methods E 112.

8.3 The average grain size shall be determined on a plane
parallel to the surface of the product.

9. Mechanical Properties

9.1 Tensile Strength Requirements of Rolled Tempers
9.1.1 Product furnished under this specification shall con-

form to the tensile strength requirements prescribed in Table 2
when tested in accordance with Test Methods E 8 [E 8M]. The
test specimens shall be taken so the longitudinal axis of the
specimen is parallel to the direction of rolling.

9.1.2 Acceptance or rejection based upon mechanical prop-
erties shall depend only on tensile strength.

9.2 Tensile Strength Requirements of Annealed-to-Temper
9.2.1 Product furnished under this specification shall con-

form to the tensile strength requirements prescribed in Table 5
when tested in accordance with Test Methods E 8 [E 8M]. The
test specimens shall be taken so the longitudinal axis of the
specimen is parallel to the direction of rolling.

9.2.2 Acceptance or rejection based upon mechanical prop-
erties shall depend only on tensile strength.

9.3 Rockwell Hardness

TABLE 1 Chemical Requirements

Copper Alloy UNS No. Copper, % Lead, max, % Iron, max, % Zinc

C21000 94.0 to 96.0 0.03 0.05 remainder
C22000 89.0 to 91.0 0.05 0.05 remainder
C22600 86.0 to 89.0 0.05 0.05 remainder
C23000 84.0 to 86.0 0.05 0.05 remainder
C24000 78.5 to 81.5 0.05 0.05 remainder
C26000 68.5 to 71.5 0.07 0.05 remainder
0.26800A 64.0 to 68.5 0.15 0.05 remainder
C27200B 62.0 to 65.0 0.07 0.07 remainder
C28000C 59.0 to 63.0 0.30 0.07 remainder

AMaterial shall be free from beta constituent when examined at a magnification of 75 diameters.
BSmall amounts of beta constituent, if present, may interfere in some instances with severe forming or drawing; therefore, suitability for forming or drawing should be

established between manufacturer and purchaser.
CIt is anticipated that this material will contain the beta constituent that may interfere with severe forming or drawing operations.
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TABLE 2 Tensile Strength Requirements and Approximate Rockwell Hardness Values for Rolled Temper (H) Product

NOTE 1—Plate is generally available in only the as hot-rolled (M20) temper. Required properties for other tempers shall be agreed upon between the
manufacturer and the purchaser at the time of placing the order.

Rolled Temper Tensile Strength, ksi [MPaA] Approximate Rockwell HardnessB

Temper Designation B Scale Superficial 30-T

Standard Former Min Max

0.020 (0.508)
to 0.036 in.
(0.914 mm)

incl

Over 0.036 in.
(0.914) mm

0.012 (0.305)
to 0.028 in.
(0.711 mm)

incl

Over 0.028 in.
(0.711 mm)

Min Max Min Max Min Max Min Max

Copper Alloy UNS No. C21000

M20 As hot-rolled 32 [220] 42 [290] ... ... ... ... ... ... ... ...
H01 Quarter hard 37 [255] 47 [325] 20 48 24 52 34 51 37 54
H02 Half-hard 42 [290] 52 [355] 40 56 44 60 46 57 48 59
H03 Three-quarter-hard 46 [315] 56 [385] 50 61 53 64 52 60 54 62
H04 Hard 50 [345] 59 [405] 57 64 60 67 57 62 59 64
H06 Extra hard 56 [385] 64 [440] 64 70 66 72 62 66 63 67
H08 Spring 60 [415] 68 [470] 68 73 70 75 64 68 65 69
H10 Extra spring 61 [420] 69 [475] 69 74 71 76 65 69 66 70

Copper Alloy UNS No. C22000

M20 As hot-rolled 33 [230] 43 [295] ... ... ... ... ... ... ... ...
H01 Quarter-hard 40 [275] 50 [345] 27 52 31 56 34 51 37 54
H02 Half-hard 47 [325] 57 [395] 50 63 53 66 50 59 52 61
H03 Three-quarter-hard 52 [355] 62 [425] 59 68 62 71 55 62 58 64
H04 Hard 57 [395] 66 [455] 65 72 68 75 60 65 62 67
H06 Extra hard 64 [440] 72 [495] 72 77 74 79 64 68 66 69
H08 Spring 69 [475] 77 [530] 76 79 78 81 67 69 68 70
H10 Extra spring 72 [495] 80 [550] 78 81 80 83 68 70 69 71

Copper Alloy UNS No. C22600

H01 Quarter-hard 42 [290] 52 [355] 29 58 29 58 39 58 39 58
H02 Half-hard 48 [330] 58 [400] 52 68 52 68 54 64 54 64
H03 Three-quarter-hard 53 [365] 63 [435] 61 73 61 73 59 68 59 68
H04 Hard 58 [400] 67 [460] 67 77 67 77 64 70 64 70
H06 Extra hard 65 [450] 73 [505] 74 81 74 81 68 73 68 73
H08 Spring 70 [485] 78 [540] 78 83 78 83 71 74 71 74
H10 Extra spring 74 [510] 82 [565] 81 86 81 86 73 76 73 76

Copper Alloy UNS No. C23000

M20 As hot-rolled 37 [255] 47 [325] ... ... ... ... ... ... ... ...
H01 Quarter-hard 44 [305] 54 [370] 33 58 37 62 42 57 45 60
H02 Half-hard 51 [350] 61 [420] 56 68 59 71 56 64 58 66
H03 Three-quarter-hard 57 [395] 67 [460] 66 73 69 76 63 68 65 70
H04 Hard 63 [435] 72 [495] 72 78 74 80 67 71 68 72
H06 Extra hard 72 [495] 80 [550] 78 83 80 85 70 74 71 75
H08 Spring 78 [540] 86 [595] 82 85 84 87 74 76 75 77
H10 Extra spring 82 [565] 90 [620] 84 87 86 89 75 77 76 78

Copper Alloy UNS No. C24000

M20 As hot-rolled 41 [285] 51 [350] ... ... ... ... ... ... ... ...
H01 Quarter-hard 48 [330] 58 [400] 38 61 42 65 42 57 45 60
H02 Half-hard 55 [380] 65 [450] 59 70 62 73 56 64 58 66
H03 Three-quarter-hard 61 [420] 71 [490] 69 76 72 79 63 68 65 70
H04 Hard 68 [470] 77 [530] 76 82 78 84 68 72 69 73
H06 Extra hard 78 [540] 87 [600] 83 87 85 89 72 75 73 76
H08 Spring 85 [585] 93 [640] 87 90 89 92 75 77 76 78
H10 Extra spring 89 [615] 97 [670] 88 91 90 93 76 78 77 79

Copper Alloy UNS No. C26000

M20 As hot-rolled 41 [285] 51 [350] ... ... ... ... ... ... ... ...
H01 Quarter-hard 49 [340] 59 [405] 40 61 44 65 43 57 46 60
H02 Half-hard 57 [395] 67 [460] 60 74 63 77 56 66 58 68
H03 Three-quarter-hard 64 [440] 74 [510] 72 79 75 82 65 70 67 72
H04 Hard 71 [490] 81 [560] 79 84 81 86 70 73 71 74
H06 Extra hard 83 [570] 92 [635] 85 89 87 91 74 76 75 77
H08 Spring 91 [625] 100 [690] 89 92 90 93 76 78 76 78
H10 Extra spring 95 [655] 104 [715] 91 94 92 95 77 79 77 79

Copper Alloy UNS No. C26800

M20 As hot-rolled 40 [275] 50 [345] ... ... ... ... ... ... ...
H01 Quarter-hard 49 [340] 59 [405] 40 61 44 65 43 57 46 60
H02 Half-hard 55 [380] 65 [450] 57 71 60 74 54 64 56 66

B 36/B 36M – 01
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9.3.1 The approximate Rockwell hardness values given in
Table 2, Table 4, and Table 5 are for general information and
assistance in testing and shall not be used as a basis for product
rejection.

NOTE 1—The Rockwell hardness test offers a quick and convenient
method of checking for general conformity to the specification require-
ments for temper, tensile strength and grain size.

10. Dimensions and Permissible Variations

10.1 The dimensions and tolerances for product described
by this specification shall be as specified in Specification B 248
[B 248M] with particular reference to the following related
paragraphs in that specification.

10.1.1 Thickness.
10.1.2 Width:
10.1.2.1Slit Metal and Slit Metal With Rolled Edges.
10.1.2.2Squared-Sheared Metal.
10.1.2.3Sawed Metal.
10.1.3 Length:
10.1.3.1Specific and Stock Lengths With and Without Ends.
10.1.3.2Schedule of Lengths (Specific and Stock) With

Ends.
10.1.3.3Length Tolerances for Square-Sheared Metal.
10.1.3.4Length Tolerances for Sawed Metal.
10.1.4 Straightness:
10.1.4.1Slit Metal or Slit Metal Either Straightened or

Edge-Rolled.

10.1.4.2Squared-sheared Metal.

10.1.4.3Sawed metal.

10.1.5 Edges:

10.1.5.1Square Edges.

10.1.5.2Rounded Corners.

10.1.5.3Rounded Edges.

10.1.5.4Full-Rounded Edges.

11. Test Methods

11.1 Chemical Analysis:
11.1.1 Composition shall be determined, in the case of

disagreement, as follows:
Element Method

Copper E 478
Iron E 478
Lead E 478 (AA)
Zinc E 478 (Titrametric)

11.1.2 Test method(s) to be followed for the determination
of other element(s) resulting from contractual or purchase
order agreement shall be as agreed upon between the manu-
facturer or supplier and purchaser.

12. Keywords

12.1 brass plate; brass rolled bar; brass sheet; brass strip

TABLE 2 Continued

Rolled Temper Tensile Strength, ksi [MPaA] Approximate Rockwell HardnessB

Temper Designation B Scale Superficial 30-T

Standard Former Min Max

0.020 (0.508)
to 0.036 in.
(0.914 mm)

incl

Over 0.036 in.
(0.914) mm

0.012 (0.305)
to 0.028 in.
(0.711 mm)

incl

Over 0.028 in.
(0.711 mm)

Min Max Min Max Min Max Min Max

H03 Three-quarter-hard 62 [425] 72 [495] 70 77 73 80 65 69 67 71
H04 Hard 68 [470] 78 [540] 76 82 78 84 68 72 69 73
H06 Extra-hard 79 [545] 89 [615] 83 87 85 89 73 75 74 76
H08 Spring 86 [595] 95 [655] 87 90 89 92 75 77 76 78
H10 Extra spring 90 [620] 99 [685] 88 91 90 93 76 78 77 79

Copper Alloy UNS No. C27200

M20 As hot-rolled 41 [285] 51 [350] ... ... ... ... ... ... ... ...
H01 Quarter-hard 49 [340] 59 [405] 40 61 44 65 43 57 46 60
H02 Half-hard 56 [385] 66 [455] 57 74 60 76 54 67 56 68
H03 Three-quarter-hard 63 [435] 73 [505] 71 78 74 81 64 70 66 71
H04 Hard 70 [485] 80 [550] 76 82 78 84 67 72 68 73
H06 Extra hard 81 [560] 91 [625] 82 87 85 89 71 75 72 76

Copper Alloy UNS No. C28000

M20 As hot-rolled 40 [275] 55 [380] ... ... ... ... ... ... ... ...
H01 Quarter-hard 50 [345] 62 [425] 40 65 45 70 45 65 45 70
H02 Half-hard 58 [400] 70 [485] 50 75 52 80 50 70 50 75
H03 Three-quarter-hard 60 [415] 75 [515] 55 80 55 82 52 78 55 80
H04 Hard 70 [485] 85 [585] 60 85 60 87 55 80 55 82
H06 Extra hard 82 [565] 95 [655] 65 92 65 90 60 85 60 85

AMPa (Mega Pascals) See Appendix X1.
BRockwell hardness values apply as follows: the B scale values apply to metal 0.020 in. (0.508 mm) and over in thickness, and the 30-T scale values apply to metal

0.012 in. (0.305 mm) and over in thickness.
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TABLE 3 Grain Size Requirements for Annealed (OS) Product

Copper
Alloy UNS

No.

Standard
Temper

Designation
(B 601)

Grain Size

Nominal Min Max

C21000 OS050 0.050 0.035 0.090
OS035 0.035 0.025 0.050
OS025 0.025 0.015 0.035
OS015 0.015 A 0.025

C22000 OS050 0.050 0.035 0.090
OS035 0.035 0.025 0.050
OS025 0.025 0.015 0.035
OS015 0.015 A 0.025

C22600 OS050 0.050 0.035 0.090
OS035 0.035 0.025 0.050
OS025 0.025 0.015 0.035
OS015 0.015 A 0.025

C23000 OS070 0.070 0.050 0.100
OS050 0.050 0.035 0.070
OS035 0.035 0.025 0.050
OS025 0.025 0.015 0.035
OS015 0.015 A 0.025

C24000 OS070 0.070 0.050 0.120
OS050 0.050 0.035 0.070
OS035 0.035 0.025 0.050
OS025 0.025 0.015 0.035
OS015 0.015 A 0.025

C26000 OS120 0.120 0.070 ...
and OS070 0.070 0.050 0.120

C26800 OS050 0.050 0.035 0.070
OS035 0.035 0.025 0.050
OS025 0.025 0.015 0.035
OS015 0.015 A 0.025

C27200 OS035 0.035 0.025 0.050
OS025 0.025 0.015 0.035
OS015 0.015 A 0.025

C28000 OS035 0.035 0.025 0.050
OS025 0.025 0.015 0.035
OS015 0.015 A 0.025

AAlthough no minimum grain size is required, this material must be fully
recrystallized.

TABLE 4 Approximate Rockwell Hardness of Annealed (OS)
Product

Anneal Temper,
Nominal Grain

Size

Standard Temper
Designation

(B 601)

Approximate Rockwell HardnessA

F Scale Superficial 30-T

Min Max Min Max

UNS No. C21000

0.050-mm OS050 40B 52B ... 4
0.035-mm OS035 47B 54B ... 7
0.025-mm OS025 50B 61B 1 17
0.015-mm OS015 54B 65B 7 23

UNS No. C22000

0.050-mm OS050 50 60 1 16
0.035-mm OS035 54 64 7 21
0.025-mm OS025 58 70 13 31
0.015-mm OS015 62 75 19 39

UNS No. C22600

0.050-mm OS050 48 58 6 18
0.035-mm OS035 52 62 10 23
0.025-mm OS025 55 67 14 29
0.015-mm OS015 58 76 18 40

UNS No. C23000

0.070-mm OS070 53 60 6 ...
0.050-mm OS050 56 63 10 ...
0.035-mm OS035 58 76 13 24
0.025-mm OS025 60 72 16 34
0.015-mm OS015 62 79 19 48

UNS No. 24000

0.070-mm OS070 53 64 2 21
0.050-mm OS050 57 67 8 27
0.035-mm OS035 61 72 16 35
0.025-mm OS025 63 77 20 42
0.015-mm OS015 66 83 25 50

UNS Nos. C26000 and C26800

0.120-mm OS120 50 62 ... 21
0.070-mm OS070 52 67 3 27
0.050-mm OS050 61 73 20 35
0.035-mm OS035 65 76 25 38
0.025-mm OS025 67 79 27 42
0.015-mm OS015 72 85 33 50

UNS No. C27200

0.035-mm OS035 65 76 25 38
0.025-mm OS025 67 79 27 42
0.015-mm OS015 72 85 33 50

UNS No. C28000

0.035-mm OS035 65 80 26 44
0.025-mm OS025 68 83 28 48
0.015-mm OS015 72 90 30 55

ARockwell hardness values apply as follows: The F scale applies to metal 0.020
in. (0.508 mm) in thickness and over; the 30-T scale applies to metal 0.015 in.
(0.382 mm) in thickness and over.

BThis alloy in these several annealed tempers is too soft for Rockwell F
hardness tests below 0.030 in. (0.762 mm) in thickness.
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B36/36M-95) that may impact the use of this standard.

(1) This revision has brought this specification in line with the
Outline of Form (Fifth Edition).
(2) This revision has brought this specification in line with

Standardizing of the use of the “M” designation.

(3) The addition of Section 11.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 5 Tensile Strength Requirements and Approximate Rockwell Hardness Values for Annealed-to-Temper (O) Product

NOTE 1—Required properties for other tempers shall be agreed upon between the manufacturer and the purchaser at the time of placing the order.

Annealed-to-Temper Tensile Strength, ksi [MPaA] Approximate Rockwell HardnessB

Temper Designation
Min Max

B Scale Superficial 30-T
Standard Former Min Max Min Max

Copper Alloy UNS No. C22000
O81 Quarter-hard 40 [275] 50 [345] ... 45 28 52

Copper Alloy UNS No. C22600
O81 Quarter-hard 42 [290] 52 [355] 20 50 30 54

Copper Alloy UNS No. C23000
O81 Quarter-hard 44 [305] 54 [370] 30 53 35 54

Copper Alloy UNS No. C24000
O81 Quarter-hard 48 [330] 58 [400] 33 53 38 54

Copper Alloy UNS No. C26000
O81 Quarter-hard 49 [340] 59 [405] 32 55 36 53
O82 Half-hard 57 [395] 67 [460] 52 72 50 66

Copper Alloy UNS No. C26800
O81 Quarter-hard 49 [340] 59 [405] 33 55 37 55
O82 Half-hard 55 [380] 65 [450] 52 72 51 67

AMPa (Mega Pascals) See Appendix X1
BRockwell hardness values apply as follows: The B scale applies to metal 0.020 (0.058 mm) in thickness and over; the 30T applies to metal 0.015 in. (0.381 mm) in

thickness and over.

B 36/B 36M – 01

6



Designation: B 42 – 02 e1

Standard Specification for
Seamless Copper Pipe, Standard Sizes 1

This standard is issued under the fixed designation B 42; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

e1 NOTE—Referenced Documents were editorially corrected in November 2003.

1. Scope*

1.1 This specification2 covers seamless copper pipe in all
nominal or standard pipe sizes, both regular and extra-strong,
suitable for use in plumbing, boiler feed lines, and for similar
purposes.3

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are provided
for information purposes only.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 153 Test Method for Expansion (Pin Test) of Copper and

Copper-Alloy Pipe and Tubing4

B 170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes4

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast4

E 8 Test Methods for Tension Testing of Metallic Materials5

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications6

E 53 Test Method for Determination of Copper in Unal-
loyed Copper by Gravimetry7

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Method)7

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes8

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition7

E 478 Test Methods for Chemical Analysis of Copper
Alloys7

E 527 Practice for Numbering Metals and Alloys (UNS)9

3. Terminology

3.1 Definitions:
3.1.1 lengths—straight pieces of the product.
3.1.1.1 standard—uniform lengths recommended in a Sim-

plified Practice Recommendation or established as a Commer-
cial Standard.

3.1.2 tube, seamless—a tube produced with a continuous
periphery in all stages of the operations.

3.1.2.1 pipe—a seamless tube conforming to the particular
dimensions commercially known as Nominal or Standard Pipe
Sizes.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 capable of—as used in this specification, the test need

not be performed by the producer of the material. However,
should subsequent testing by the purchaser establish that the
material does not meet these requirements the material shall be
subject to rejection.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 Type of copper, if required,
4.1.2 Temper (see 6.1),
4.1.3 Pipe size, regular or extra-strong, (see 10.2),
4.1.4 Length (see 10.3),
4.1.5 Total length of each size,
4.1.6 If material is required to meetASME Boiler and

Pressure Vessel Code,
4.1.7 Certification, if required (see 18.1),
4.1.8 Mill test report, if required (see 20.1),

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Apr. 10, 2002. Published June 2002. Originally
published as B 42 – 22 T. Last previous edition B 42 – 98.

2 For ASME Boiler and Pressure Vessel Codeapplications, see related Specifi-
cation SB-42 in Section II of that Code.

3 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

4 Annual Book of ASTM Standards, Vol 02.01.
5 Annual Book of ASTM Standards, Vol 03.01.
6 Annual Book of ASTM Standards, Vol 14.02.
7 Annual Book of ASTM Standards, Vol 03.05.

8 Annual Book of ASTM Standards, Vol 03.03.
9 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.9 Hydrostatic test, if required, and
4.1.10 Pneumatic test, if required.
4.2 In addition, when material is purchased for agencies of

the U.S. Government, it shall conform to the Supplementary
Requirements as defined herein when specified in the contract
or purchase order.

5. Chemical Composition

5.1 The material shall conform to the following chemical
requirements:

Copper (incl silver), min, % 99.9
Phosphorus, max, % 0.04

5.2 The pipe shall be produced from one of the following
coppers, and unless otherwise specified, anyone of them is
permitted to be furnished:

Copper UNS No.
Previously Used

Designation
Type of Copper

C10200 OF Oxygen-free without residual deoxi-
dants

C10300 Oxygen-free, extra-low phosphorus
C10800 Oxygen-free, low phosphorus
C12000 DLP Phosphorized, low residual phos-

phorus
C12200 DHP Phosphorized, high residual phos-

phorus

5.3 When the copper is specified, the material shall conform
to the chemical requirements specified in Table 1.

5.4 These specification limits do not preclude the possible
presence of other elements. When required, limits for unnamed
elements are to be established by agreement between manu-
facturer or supplier and purchaser.

5.4.1 The major element that is not analyzed shall be
determined by difference between the sum of those elements
analyzed and 100 %. By agreement between manufacturer and
purchaser, it is permitted to establish limits and required
analysis for elements not specified.

6. Temper

6.1 All pipe shall normally be furnished in the O61 (an-
nealed), H55 (light drawn), or H80 (hard drawn) temper, as
prescribed in Practice B 601, and shall have the properties
shown in Table 2.

6.2 When pipe is required for bending, it shall be so
specified in the purchase order, and the pipe shall be furnished
in the temper agreed upon between the manufacturer or
supplier and the purchaser.

7. Expansion Test

7.1 Pipe ordered in the annealed (O) condition, selected for
test, shall withstand an expansion of 25 % of the outside

diameter when expanded in accordance with Test Method
B 153. The expanded pipe shall show no cracking or rupture
visible to the unaided eye. Pipe ordered in the drawn (H)
condition is not subject to this test.

NOTE 1—The term “unaided eye,” as used herein, permits the use of
corrective spectacles necessary to obtain normal vision.

7.2 As an alternative to the expansion test for pipe over 4 in.
(102 mm) in diameter in the annealed condition, a section 4 in.
in length shall be cut from the end of one of the lengths for a
flattening test. This 4-in. specimen shall be flattened so that a
gage set at three times the wall thickness will pass over the pipe
freely throughout the flattened part. The pipe so tested shall
develop no cracks or flaws visible to the unaided eye (Note 1)
as a result of this test. In making the flattening test, the
elements shall be slowly flattened by one stroke of the press.

8. Microscopical Examination

8.1 The pipe shall be made from copper that is free of
cuprous oxide as determined by microscopical examination at
a 753 magnification. When Copper UNS No. C12200 is
supplied, microscopical examination for cuprous oxide is not
required.

9. Nondestructive Testing

9.1 The material shall be tested in the final size but is
permitted to be tested before the final anneal or heat treatment,
when these thermal treatments are required, unless otherwise
agreed upon by the manufacturer or supplier and purchaser.

9.2 Eddy-Current Test—Each piece of material from1⁄8-in.
up to and including 21⁄2-in. nominal outside diameter, or within
the capabilities of the eddy-current tester, shall be subjected to
an eddy-current test. Testing shall follow the procedures of
Practice E 243, except for determination of “end effect.” The
material shall be passed through an eddy-current testing unit
adjusted to provide information on the suitability of the
material for the intended application.

9.2.1 Notch-depth standards rounded to the nearest 0.001 in.
(0.025 mm) shall be 10 % of the nominal wall thickness. The
notch depth tolerance shall be60.0005 in. (0.013 mm).
Alternatively, when a manufacturer uses speed-insensitive
equipment that allows the selection of a maximum imbalance
signal, a maximum imbalance signal of 0.3 % is permitted to
be used.

9.2.2 Material that does not actuate the signaling device of
the eddy-current test shall be considered as conforming to the

TABLE 1 Chemical Requirements

Copper UNS No. Copper (incl Silver), min, % Phosphorus, %

C10200A 99.95 ...
C10300 99.95B 0.001 to 0.005
C10800 99.95B 0.005 to 0.012
C12000 99.90 0.004 to 0.012
C12200 99.9 0.015 to 0.040

A Oxygen in C10200 shall be 10 ppm max.
B Copper + silver + phosphorus.

TABLE 2 Tensile Requirements

Temper Designation Pipe Size
Nominal or

Standard, in.

Tensile
Strength,

min,
ksiA (MPa)B

Yield Strength,C

min,
ksiA (MPa)BStandard Former

O61 annealed all 30 (294) 9 (88)D

H80 hard drawn 1⁄8 –2, incl 45 (310) 40 (280)
H80 hard drawn over 2 38 (260) 32 (220)
H55 light drawn 2–12, incl 36 (250) 30 (210)

A ksi = 1000 psi.
B See Appendix X1.
C At 0.5 % extension under load.
D Light-straightening operation is permitted.

B 42 – 02e1

2



requirements of this test. Material with discontinuities indi-
cated by the testing unit is permitted to be reexamined or
retested, at the option of the manufacturer, to determine
whether the discontinuity is cause for rejection. Signals that are
found to have been caused by minor mechanical damage, soil,
or moisture shall not be cause for rejection of the material
provided the dimensions of the material are still within
prescribed limits and the material is suitable for its intended
application.

9.3 Hydrostatic Test—When specified, the material shall
stand, without showing evidence of leakage, an internal hydro-
static pressure sufficient to subject the material to a fiber stress
of 6000 psi (41 MPa), determined by the following equation
for thin hollow cylinders under tension. The material need not
be tested at a hydrostatic pressure of over 1000 psi (6.9 MPa)
unless so specified.

P 5 2St/~D 2 0.8t! (1)

where:
P = hydrostatic pressure, psi (or MPa);
t = wall thickness of the material, in. (or mm);
D = outside diameter of the material in. (or mm); and
S = allowable stress of the material, psi (or MPa).

9.4 Pneumatic Test—When specified, the material shall be
subjected to an internal air pressure of 60 psi (415 kPa)
minimum for 5 s without showing evidence of leakage. The test
method used shall permit easy visual detection of any leakage,
such as by having the material under water or by the pressure-
differential method. Any evidence of leakage shall be cause for
rejection.

10. Dimensions and Permissible Variations

10.1 For the purpose of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the limiting values for any dimensions
shall be sufficient cause for rejection.

10.2 Standard Dimensions, Wall Thickness, and Diameter
Tolerances—The standard dimensions, wall thickness, and
diameter tolerances shall be in accordance with Table 3.

10.3 Length and Length Tolerances—The standard length of
copper pipe is 12 ft (3.66 m) with a tolerance of61⁄2 in. (13
mm).

10.4 Roundness:
10.4.1 For drawn unannealed pipe in straight lengths, the

roundness tolerances shall be as follows:

t/d (ratio of
Wall Thickness to
Outside Diameter)

Roundness Tolerances as
Percent of Outside Diameter
(Expressed to the Nearest

0.001 in. (0.025 mm))
0.01 to 0.03, incl 1.5
Over 0.03 to 0.05, incl 1.0
Over 0.05 to 0.10, incl 0.8
Over 0.10 0.7

10.4.2 Compliance with the roundness tolerance shall be
determined by taking measurements on the outside diameter
only, irrespective of the manner in which the pipe dimensions
are specified.

10.4.3 The deviation from roundness is measured as the
difference between major and minor diameters as determined at
any one cross section of the tube.

10.5 Squareness of Cut—The departure from squareness of
the end of any pipe shall not exceed the following:

Outside Diameter,
in. (mm) Tolerance

Up to 5⁄8 (15.9), incl 0.010 in. (0.25 mm)
Over 5⁄8 (15.9) 0.016 in./in. (0.016 mm/mm) of diameter

10.6 Straightness Tolerance—For pipe of H (drawn) tem-
pers of Nominal Pipe Sizes from1⁄4 to 12 in. inclusive, the
maximum curvature (depth of arc) shall not exceed1⁄2 in. (13
mm) in any 10-ft (3048-mm) portion of the total length. For H
temper pipe of other sizes, and for the O611 (annealed) temper,
no numerical values are established, however, the straightness
of the pipe shall be suitable for the intended application.

11. Workmanship, Finish, and Appearance

11.1 The material shall be free of defects of a nature that
interfere with normal commercial applications. It shall be well
cleaned and free of dirt.

12. Sampling

12.1 Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:

12.1.1 Lot Size—The lot size shall be as follows:
Pipe Size, in. Lot Weight, lb (kg)

Up to 11⁄2 , incl 5 000 (2270) or fraction thereof
Over 11⁄2 to 4, incl 10 000 (4550) or fraction thereof
Over 4 40 000 (18 100) or fraction thereof

12.1.2 Portion Size—Sample pieces shall be taken for test
purposes from each lot according to the following schedule:
Number of Pieces in Lot Number of Sample Pieces to be TakenA

1 to 50 1
51 to 200 2
201 to 1500 3
Over 1500 0.2 % of total number of pieces in the lot, but

not to exceed ten sample pieces

A Each sample piece shall be taken from a separate tube.

13. Number of Tests and Retests

13.1 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
millings, and so forth shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 12.1.2 and combined into one composite sample. The
minimum weight of the composite sample that is to be divided
into three equal parts shall be 150 g.

13.1.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semifinished product. If the manufacturer
determines the chemical composition of the material during the
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course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

13.1.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

13.1.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 lb
(4550 kg) or fraction thereof, except that not more than one
sample shall be required per piece.

13.1.1.3 Because of the discontinuous nature of the process-
ing of castings into wrought products, it is not practical to
identify specific casting analysis with a specific quantity of
finished material.

13.1.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

13.2 Retests:

13.2.1 If any test specimen shows defective machining or
develops flaws, it shall be discarded and another specimen
substituted.

13.2.2 If a bend test specimen fails because of conditions of
bending more severe than required by the specification, a retest
shall be permitted on a new sample piece or on the remaining
portion of the first sample piece.

13.2.3 If the results of the test on one of the specimens fail
to meet the specified requirements, two additional specimens
shall be taken from different sample pieces and tested. The
results of the tests on both of these specimens shall meet the
specified requirements. Failure of more than one specimen to
meet the specified requirements for a particular property shall
be cause for rejection of the entire lot.

13.2.4 If the chemical analysis fails to conform to the
specified limits, analysis shall be made on a new composite
sample prepared from additional pieces selected in accordance
with 12.1. The results of this retest shall comply with the
specified requirements.

TABLE 3 Standard Dimensions, Weights, and Tolerances

NOTE 1—All tolerances plus and minus except as otherwise indicated.

Nominal or
Standard
Pipe Size,

in.

Outside
Diameter,
in. (mm)

Average Outside
Diameter

Tolerance,A in.
(mm) All Minus

Wall
Thickness,
in. (mm)

Tolerance,B

in. (mm)
Theoretical Weight,

lb/ft (kg/m)

Regular

1⁄8 0.405 (10.3) 0.004 (0.10) 0.062 (1.57) 0.004 (0.10) 0.259 (0.385)
1⁄4 0.540 (13.7) 0.004 (0.10) 0.082 (2.08) 0.005 (0.13) 0.457 (0.680)
3⁄8 0.675 (17.1) 0.005 (0.13) 0.090 (2.29) 0.005 (0.13) 0.641 (0.954)
1⁄2 0.840 (21.3) 0.005 (0.13) 0.107 (2.72) 0.006 (0.15) 0.955 (1.42)
3⁄4 1.050 (26.7) 0.006 (0.15) 0.114 (2.90) 0.006 (0.15) 1.30 (1.93)
1 1.315 (33.4) 0.006 (0.15) 0.126 (3.20) 0.007 (0.18) 1.82 (2.71)
11⁄4 1.660 (42.2) 0.006 (0.15) 0.146 (3.71) 0.008 (0.20) 2.69 (4.00)
11⁄2 1.900 (48.3) 0.006 (0.15) 0.150 (3.81) 0.008 (0.20) 3.20 (4.76)
2 2.375 (60.3) 0.008 (0.20) 0.156 (3.96) 0.009 (0.23) 4.22 (6.28)
21⁄2 2.875 (73.0) 0.008 (0.20) 0.187 (4.75) 0.010 (0.25) 6.12 (9.11)
3 3.500 (88.9) 0.010 (0.25) 0.219 (5.56) 0.012 (0.30) 8.76 (13.0)
31⁄2 4.000 (102) 0.010 (0.25) 0.250 (6.35) 0.013 (0.33) 11.4 (17.0)
4 4.500 (114) 0.012 (0.30) 0.250 (6.35) 0.014 (0.36) 12.9 (19.2)
5 5.562 (141) 0.014 (0.36) 0.250 (6.35) 0.014 (0.36) 16.2 (24.1)
6 6.625 (168) 0.016 (0.41) 0.250 (6.35) 0.014 (0.36) 19.4 (28.9)
8 8.625 (219) 0.020 (0.51) 0.312 (7.92) 0.022 (0.56) 31.6 (47.0)
10 10.750 (273) 0.022 (0.56) 0.365 (9.27) 0.030 (0.76) 46.2 (68.7)
12 12.750 (324) 0.024 (0.61) 0.375 (9.52) 0.030 (0.76) 56.5 (84.1)

Extra Strong

1⁄8 0.405 (10.3) 0.004 (0.10) 0.100 (2.54) 0.006 (0.15) 0.371 (0.552)
1⁄4 0.540 (13.7) 0.004 (0.10) 0.123 (3.12) 0.007 (0.18) 0.625 (0.930)
3⁄8 0.675 (17.1) 0.005 (0.13) 0.127 (3.23) 0.007 (0.18) 0.847 (1.26)
1⁄2 0.840 (21.3) 0.005 (0.13) 0.149 (3.78) 0.008 (0.20) 1.25 (1.86)
3⁄4 1.050 (26.7) 0.006 (0.15) 0.157 (3.99) 0.009 (0.23) 1.71 (2.54)
1 1.315 (33.4) 0.006 (0.15) 0.182 (4.62) 0.010 (0.25) 2.51 (3.73)
11⁄4 1.660 (42.2) 0.006 (0.15) 0.194 (4.93) 0.010 (0.25) 3.46 (5.15)
11⁄2 1.900 (48.3) 0.006 (0.15) 0.203 (5.16) 0.011 (0.28) 4.19 (6.23)
2 2.375 (60.3) 0.008 (0.20) 0.221 (5.61) 0.012 (0.30) 5.80 (8.63)
21⁄2 2.875 (73.0) 0.008 (0.20) 0.280 (7.11) 0.015 (0.38) 8.85 (13.2)
3 3.500 (88.9) 0.010 (0.25) 0.304 (7.72) 0.016 (0.41) 11.8 (17.6)
31⁄2 4.000 (102) 0.010 (0.25) 0.321 (8.15) 0.017 (0.43) 14.4 (21.4)
4 4.500 (114) 0.012 (0.30) 0.341 (8.66) 0.018 (0.46) 17.3 (25.7)
5 5.562 (141) 0.014 (0.36) 0.375 (9.52) 0.019 (0.48) 23.7 (35.3)
6 6.625 (168) 0.016 (0.41) 0.437 (11.1) 0.027 (0.69) 32.9 (49.0)
8 8.625 (219) 0.020 (0.51) 0.500 (12.7) 0.035 (0.89) 49.5 (73.7)
10 10.750 (273) 0.022 (0.56) 0.500 (12.7) 0.040 (1.0) 62.4 (92.9)

A The average outside diameter of a tube is the average of the maximum and minimum outside diameters as determined at any one cross section of the pipe.
B Maximum deviation at any one point.
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14. Test Methods

14.1 The properties enumerated in this specification shall, in
case of disagreement, be determined in accordance with the
following applicable test methods:

Test ASTM DesignationA

Chemical analysis B 170B, E 53, E 62, E 478
Tension E 8
Expansion (pin test) B 153
Eddy current E 243

A See 2.1.
B Reference to Specification B 170 is to the suggested chemical methods in the

annex thereof. When Committee E01 has tested and published methods for
assaying the low-level impurities in copper, the Specification B 170 annex will be
eliminated.

14.2 Tension test specimens shall be of the full section of
the pipe and shall conform to the requirements of the Speci-
mens for Pipe and Tube section of Test Methods E 8 unless the
limitations of the testing machine preclude the use of such a
specimen. Test specimens conforming to Type No. 1 of Fig. 13,
Tension Test Specimens for Large-Diameter Tubular Products,
of Test Methods E 8 is permitted to be used when a full-section
specimen cannot be tested.

14.3 Whenever tension test results are obtained from both
full-size and machined test specimens and they differ, the
results obtained from full-size test specimens shall be used to
determine conformance to the specification requirements.

14.4 Tension test results on material covered by this speci-
fication are not seriously affected by variations in speed of
testing. A considerable range of testing speed is permissible;
however, it is recommended that the rate of stressing to the
yield strength not exceed 100 ksi (700 MPa)/min. Above the
yield strength, it is recommended that the movement per
minute of the testing machine head under load not exceed 0.5
in./in. (0.5 mm/mm) of gage length (or distance between grips
for full-section specimens).

15. Significance of Numerical Limits

15.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property
Rounded Unit for

Observed or Calculated Value

Chemical composition nearest unit in the last right-hand place
of figures of the specified limit

Tensile strength
Yield strength nearest ksi (nearest 5 MPa)

16. Inspection
16.1 The manufacturer shall afford the inspector represent-

ing the purchaser all reasonable facilities, without charge, to
satisfy him that the material is being furnished in accordance
with the specified requirements.

17. Rejection and Rehearing
17.1 Material that fails to conform to the requirements of

this specification shall be subject to rejection. Rejection is to be
reported to the manufacturer or supplier promptly and in
writing. In case of dissatisfaction with the results of the test, the
manufacturer or supplier shall have the option to make claim
for a rehearing.

18. Certification
18.1 When specified on the purchase order, the manufac-

turer shall furnish to the purchaser a certificate stating that each
lot has been sampled, tested, and inspected in accordance with
this specification and has met the requirements. When material
is specified to meet the requirements ofASME Boiler and
Pressure Vessel Code, the certification requirements are man-
datory.

19. Packaging and Package Marking
19.1 The material shall be separated by size, composition,

and temper and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

19.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, total length or piece count or both, and name of supplier.
The specification number shall be shown, when specified.

20. Mill Test Report
20.1 When specified on the purchase order, the manufac-

turer shall furnish to the purchaser a test report showing results
of tests required by the specification.

21. Keywords
21.1 copper pipe; extra strong; regular; standard sizes

B 42 – 02e1

5



SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U. S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:10

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standard:10

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:10

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer shall use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:

S4.1.1 Military Agencies—The material shall be separated
by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, and packed, Level A, B, or C, as
specified in the contract or purchase order, in accordance with
the requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:

S4.2.1 Military Agencies—In addition to any special mark-
ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

S5. Part or Identifying Numbers (PINs)

S5.1 Part numbers are essential to maintain the integrity of
the Department of Defense cataloging system as multiple
National Stock Numbers (NSN) exist for this product. The
following information is provided for cross-reference pur-
poses. The pipe previously described in WW-P-377 and
MS14302 corresponds to ASTM B 42 copper pipe of copper
UNS No. C12000 with a regular wall thickness.

S5.2 Part identifying numbers, for government use, shall be
formulated by selecting from the options in this specification as
shown in Table S5.1.

S5.3 An example of a PIN follows: A part identifying
number of B42C12000H80-030R1264 indicates an ASTM
B 42 pipe of copper UNS No. C12000 in the hard drawn (H80)
temper, 3-in. standard pipe size, regular wall thickness, and it
is 10 ft 61⁄2 in. (3213 mm) in length.

10 Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave., Philadelphia, PA 19111-5098, ATTN: NPODS.
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 42 - 98)
that may impact the use of this standard.

(1) Requirements of the now-cancelled Department of Defense
document, WW-P-377, “Pipe, Copper, Seamless, Standard
Sizes,” were incorporated as follows:
(1a) An addition to Table 2, Tensile Requirements, to add sizes
above 2-in. standard pipe size properties for H80 temper pipe.

(1b) The addition of a method of part identifying numbers
(PINs) in agreement with the Department of Defense catalog-
ing systems.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE S5.1 Part or Identifying Numbers

B42 XXXXXX XXX -XX X X XXX X

Size (See Table 3) Length

Document
Identifier

Alloy
(See Table 1)

Temper
(See 6.1)

inches eighths of an inch Wall thickness
(R = regular,

S = extra strong)

inches eighths of an inch
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Designation: B 43 – 98 (Reapproved 2004)

Standard Specification for
Seamless Red Brass Pipe, Standard Sizes 1

This standard is issued under the fixed designation B 43; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification2 covers seamless red brass (Copper
Alloy UNS No. C23000)3 pipe in all nominal pipe sizes, both
regular and extra-strong. In the annealed temper (O61), the
pipe is suitable for use in plumbing, boiler feed lines, and for
similar purposes. In the drawn general purpose temper (H58),
the pipe is suitable for architectural applications, such as guard
railings and stair hand railings.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are provided
for information purposes only.

1.3 The following hazard caveat pertains only to the test
method portion, Section 9, of this specification.This standard
does not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

1.4 Warning—Mercury is a definite health hazard in use
and disposal. (See 9.1.)

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:4

B 153 Test Method for Expansion (Pin Test) of Copper and
Copper-Alloy Pipe and Tubing

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast

E 8 Test Methods of Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 53 Test Methods for Determination of Copper in Unal-

loyed Coppers by Gravimetry
E 62 Test Methods for Chemical Analysis of Copper and

Copper Alloys (Photometric Methods)
E 112 Test Methods for Determining Average Grain Size
E 243 Practice for Electromagnetic (Eddy Current) Exami-

nation of Copper and Copper Alloy Tubes
E 255 Practice for Sampling Copper and Copper Alloys for

the Determination of Chemical Composition
E 478 Test Methods for Chemical Analysis of Copper

Alloys
E 527 Practice for Numbering Metals and Alloys (UNS)

3. Terminology

3.1 Definitions:
3.1.1 tube, seamless—a tube produced with a continuous

periphery in all stages of the operations.
3.1.1.1 pipe—a seamless tube conforming to the particular

dimensions commercially known as nominal or standard pipe
sizes.

3.1.2 lengths—straight pieces of the product.
3.1.2.1 standard—uniform lengths recommended in a Sim-

plified Practice Recommendation or established as a Commer-
cial Standard.

3.2 Definition of Term Specific to This Standard:
3.2.1 capable of—as used in this specification, the test need

not be performed by the producer of the material. However,
should subsequent testing by the purchaser establish that the
material does not meet these requirements the material shall be
subject to rejection.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 Temper (see 6.1),
4.1.2 Pipe size, regular or extra-strong (see 11.2),
4.1.3 Length (see 11.3),
4.1.4 Total length of each size, and

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1922. Last previous edition approved in 1998 as B 43 – 98e1.

2 For ASME Boiler and Pressure Vessel Codeapplications see related Specifi-
cation SB-43 in Section II of that Code.

3 The system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

4 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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*A Summary of Changes section appears at the end of this standard.
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4.1.5 If material is required to meetASME Boiler and
Pressure Vessel Code(see 6.1, 6.2, or 6.3),

4.1.6 Certification, if required (see 20.1),
4.1.7 Mill test report, if required (see 21.1),
4.1.8 Hydrostatic test, if required, and
4.1.9 Pneumatic test, if required.
4.1.10 Mercurous Nitrate Test, if required (Section 9).

5. Chemical Composition

5.1 The material shall conform to the following chemical
requirements:

Copper, % 84.0 to 86.0
Lead, max, % 0.05
Iron, max, % 0.05
Zinc remainder

5.2 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements are to be
established by agreement between manufacturer or supplier
and purchaser.

5.2.1 For copper alloys in which zinc is specified as the
remainder, either copper or zinc shall be permitted to be taken
as the difference between the sum of all the elements analyzed
and 100 %.

5.2.1.1 When all the elements in the table in 5.1 are
analyzed, their sum shall be 99.8 % minimum.

6. Temper

6.1 All pipe shall normally be furnished in the O61 (an-
nealed) (see Classificiation B 601) condition.

6.2 In the O61 (annealed) temper, the degree of annealing
shall be sufficient to produce complete recrystallization with an
average grain size not in excess of 0.050 mm. The surface of
the test specimen for grain size determination shall approxi-
mate a radial longitudinal section and shall be prepared and
examined in accordance with Test Methods E 112.

6.3 The pipe is permitted to be furnished in the H58 (drawn
general purpose) temper, if agreed upon between the manufac-
turer and the purchaser. (See Table 1.)

7. Mechanical Properties

7.1 Material in the O61 (annealed) temper specified to meet
the requirements of theASME Boiler and Pressure Vessel Code
only shall have tensile properties as prescribed in Table 1.

7.2 All H58 (drawn general purpose) material shall have the
tensile properties as prescribed in Table 1.

8. Expansion Test

8.1 Specimens in the O61 (annealed) temper shall withstand
an expansion of 25 % of the outside diameter when expanded

in accordance with Test Method B 153. The expanded pipe
shall show no cracking or rupture visible to the unaided eye.
Pipe ordered in the drawn (H) condition is not subject to this
test.

NOTE 1—The term “unaided eye,” as used herein, permits the use of
corrective spectacles necessary to obtain normal vision.

8.2 As an alternative to the expansion test for pipe over 4 in.
(102 mm) in diameter in the O61 (annealed) condition, a
section 4 in. in length shall be cut from the end of one of the
lengths for a flattening test. This 4-in. specimen shall be
flattened so that a gage set at three times the wall thickness will
pass over the pipe freely throughout the flattened part. The pipe
so tested shall develop no cracks or flaws visible to the unaided
eye (see Note 1) as a result of this test. In making the flattening
test the elements shall be slowly flattened by one stroke of the
press.

9. Mercurous Nitrate Test

9.1 Warning—Mercury is a definite health hazard and
therefore equipment for the detection and removal of mercury
vapor produced in volatilization is recommended. The use of
rubber gloves in testing is advisable.

9.2 When the test is required to be performed, the test
specimens, cut 6 in. (152 mm) in length, shall, after proper
cleaning, withstand an immersion for 30 min without cracking
in the standard mercurous nitrate solution prescribed in Test
Method B 154. Immediately after removal from the solution,
the specimen shall be wiped free of excess mercury and
examined for cracks.

9.3 Product of the O61 (annealed) temper shall pass the
mercurous nitrate test when tested in accordance with Test
Method B 154.

9.3.1 The test need not be performed except when indicated
in the contract or purchase order at the time of placing of the
order.

10. Nondestructive Testing

10.1 The material shall be tested in the final size but is
permitted to be tested prior to the final anneal or heat treatment,
when these thermal treatments are required, unless otherwise
agreed upon by the manufacturer or supplier and purchaser.

10.2 Eddy-Current Test—Each piece of material from1⁄8 in.
up to and including 21⁄2 in. nominal outside diameter or within
the capabilities of the eddy-current tester, shall be subjected to
an eddy-current test. Testing shall follow the procedures of
Practice E 243 except for determination of “end effect.” The
material shall be passed through an eddy-current testing unit
adjusted to provide information on the suitability of the
material for the intended application.

10.2.1 Notch-depth standards rounded to the nearest 0.001
in. (0.025 mm) shall be 10 % of the nominal wall thickness.
The notch depth tolerances shall be60.0005 in. (0.013 mm).
Alternatively, when a manufacturer uses speed insensitive
equipment that allows the selection of a maximum imbalance
signal, a maximum imbalance signal of 0.3 % is permitted to
be used.

10.2.2 Material that does not actuate the signaling device of
the eddy-current test shall be considered as conforming to the

TABLE 1 Tensile Requirements

Temper Designation Tensile
Strength, min.

ksi (MPa)

Yield StrengthA

min. ksi (MPa)
Elongation in
2-in. min. %Standard Former

O61 Annealed 40.0 (276) 12.0 (83) 35
H58 Drawn general

purpose
44.0 (303) 18.0 (124) . . .

A At 0.5 % extension under load.
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requirements of this test. Material with discontinuities indi-
cated by the testing unit is permitted to be reexamined or
retested, at the option of the manufacturer, to determine
whether the discontinuity is cause for rejection. Signals that are
found to have been caused by minor mechanical damage, soil
or moisture shall not be cause for rejection of the material
provided the dimensions of the material are still within
prescribed limits and the material is suitable for its intended
application.

10.3 Hydrostatic Test—When specified, the material shall
stand, without showing evidence of leakage, an internal hydro-
static pressure sufficient to subject the material to a fiber stress
of 6000 psi (41 MPa), determined by the following equation
for thin hollow cylinders under tension. The material need not
be tested at a hydrostatic pressure of over 1000 psi (6.9 MPa)
unless so specified.

P 5 2St/~D 2 0.8t!

where:
P = hydrostatic pressure, psi (or MPa),
t = wall thickness of the material, in. (or mm),
D = outside diameter of the material in. (or mm), and
S = allowable stress of the material, psi (or MPa).

10.3.1 For material less than1⁄2 in. (12.7 mm) in outside
diameter and less than 0.060 in. (1.5 mm) in wall thickness, the
test is permitted to be made at the option of the manufacturer
by pneumatically testing to the requirements of 10.4.

10.4 Pneumatic Test—When specified, the material shall be
subjected to an internal air pressure of 60 psi (415 kPa)
minimum for 5 s without showing evidence of leakage. The test
method used shall permit easy visual detection of any leakage,
such as by having the material under water or by the pressure-
differential method. Any evidence of leakage shall be cause for
rejection.

11. Dimensions and Permissible Variations

11.1 For the purpose of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the limiting values for any dimensions
may be cause for rejection.

11.2 Standard Dimensions, Wall Thickness, and Diameter
Tolerances—The standard dimensions, wall thickness, and
diameter tolerances shall be in accordance with Table 2.

11.3 Length and Length Tolerances—The standard length of
red brass pipe is 12 ft (3.66 m) with a tolerance of61⁄2 in. (13
mm).

11.4 Squareness of Cut—The departure from squareness of
the end of any pipe shall not exceed the following:

Outside Diameter,
in. (mm)

Tolerance

Up to 5⁄8 (15.9), incl 0.010 in. (0.25 mm)
Over 5⁄8 (15.9) 0.016 in./in. (0.016 mm/mm)

of diameter

11.5 Roundness—The roundness tolerance for straight
length tubes with a wall thickness to outside diameter ratio of
0.01 to 0.05 (inclusive) shall be 6 % of the nominal outside
diameter. For tubes with a wall thickness to outside diameter

ratio over 0.05, the roundness tolerance shall be 3 % of the
nominal outside diameter.

11.5.1 The measurement for roundness shall be made from
the outside diameter. The deviation from roundness is mea-
sured as the difference between the major and minor diameters
as determined at any one cross section of the tube. The major
and minor diameters are the diameters of two concentric circles
just enclosing the outside surface of the tube at the cross
section.

11.6 Straightness Tolerance—For pipe of H58 (drawn gen-
eral purpose) temper of Nominal Pipe Sizes from1⁄4 to 12 in.
inclusive, the maximum curvature (depth of arc) shall not
exceed1⁄2 in. (13 mm) in any 10-ft (3048-mm) portion of the
total length. For H58 temper pipe of other sizes, and for the
O61 (annealed) temper, no numerical values are established,
however, the straightness of the pipe shall be suitable for the
intended application.

12. Workmanship, Finish and Appearance

12.1 The material shall be free of defects of a nature that
interfere with normal commercial applications. It shall be well
cleaned and free of dirt.

13. Sampling

13.1 Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:

13.1.1 Lot Size—The lot size shall be as follows:

Pipe Size, in. Lot Weight, lb (kg)
Up to 11⁄2 , incl 5 000 (2270) or fraction thereof
Over 11⁄2 to 4, incl 10 000 (4550) or fraction thereof
Over 4 40 000 (18 100) or fraction thereof

13.1.2 Portion Size—Sample pieces shall be taken for test
purposes from each lot according to the following schedule:

Number of Pieces
in Lot

Number of Sample Pieces
to be TakenAA

1 to 50 1
51 to 200 2

201 to 1500 3
Over 1500 0.2 % of total number of pieces

in the lot, but not to exceed
10 sample pieces

A Each sample piece shall be taken from a separate tube.

13.1.3 Sampling for Visual and Dimensional Examination—
Minimum sampling for visual and dimensional examination
shall be as follows:

Lot size (Pieces/lot) Sample size
2 to 8 Entire lot
9 to 90 8

91 to 150 12
151 to 280 19
281 to 500 21
501 to 1200 27

1201 to 3200 35
3201 to 100 000 38

10 001 to 350 000 46

In all cases, the acceptance number is zero and the rejection
number is one. Rejected lots are permitted to be screened and
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resubmitted for visual and dimensional examination. All de-
fective items shall be replaced with acceptable items prior to
lot acceptance.

14. Number of Tests and Retests

14.1 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
millings, etc., shall be taken in approximately equal weight
from each of the sample pieces selected in accordance with
13.1.2 and combined into one composite sample. The mini-
mum weight of the composite sample that is to be divided into
three equal parts shall be 150 g.

14.1.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining

conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semi-finished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

14.1.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

14.1.1.2 When samples are taken from the semi-finished
product, a sample shall be taken to represent each 10 000 lb

TABLE 2 Standard Dimensions, Weights, and Tolerances
NOTE—All tolerances are plus and minus except as otherwise indicated.

Nominal or
Standard

Pipe Size, in.

Outside
Diameter, in. (mm)

Average Outside Diameter
Tolerances,A in. (mm) All

Minus

Wall
Thickness, in. (mm)

Tolerance,B

in. (mm)
Theoretical Weight,

lb/ft (kg/m)

Regular

1⁄8 0.405 (10.3) 0.004 (0.10) 0.062 (1.57) 0.004 (0.10) 0.253 (0.376)
1⁄4 0.540 (13.7) 0.004 (0.10) 0.082 (2.08) 0.005 (0.13) 0.447 (0.665)
3⁄8 0.675 (17.1) 0.005 (0.13) 0.090 (2.29) 0.005 (0.13) 0.627 (0.933)

1⁄2 0.840 (21.3) 0.005 (0.13) 0.107 (2.72) 0.006 (0.15) 0.934 (1.39)
3⁄4 1.050 (26.7) 0.006 (0.15) 0.114 (2.90) 0.006 (0.15) 1.27 (1.89)
1 1.315 (33.4) 0.006 (0.15) 0.126 (3.20) 0.007 (0.18) 1.78 (2.65)

11⁄4 1.660 (42.2) 0.006 (0.15) 0.146 (3.71) 0.008 (0.20) 2.63 (3.91)
11⁄2 1.900 (48.3) 0.006 (0.15) 0.150 (3.81) 0.008 (0.20) 3.13 (4.66)
2 2.375 (60.3) 0.008 (0.20) 0.156 (3.96) 0.009 (0.23) 4.12 (6.13)

21⁄2 2.875 (73.0) 0.008 (0.20) 0.187 (4.75) 0.010 (0.25) 5.99 (8.91)
3 3.500 (88.9) 0.010 (0.25) 0.219 (5.56) 0.012 (0.30) 8.56 (12.7)

31⁄2 4.000 (102) 0.010 (0.25) 0.250 (6.35) 0.013 (0.33) 11.2 (16.7)

4 4.500 (114) 0.012 (0.30) 0.250 (6.35) 0.014 (0.36) 12.7 (18.9)
5 5.562 (141) 0.014 (0.36) 0.250 (6.35) 0.014 (0.36) 15.8 (23.5)
6 6.625 (168) 0.016 (0.41) 0.250 (6.35) 0.014 (0.36) 19.0 (28.3)

8 8.625 (219) 0.020 (0.51) 0.312 (7.92) 0.022 (0.56) 30.9 (46.0)
10 10.750 (273) 0.022 (0.56) 0.365 (9.27) 0.030 (0.76) 45.2 (67.3)
12 12.750 (324) 0.024 (0.61) 0.375 (9.52) 0.030 (0.76) 55.3 (82.3)

Extra Strong

1⁄8 0.405 (10.3) 0.004 (0.10) 0.100 (2.54) 0.006 (0.15) 0.363 (0.540)
1⁄4 0.540 (13.7) 0.004 (0.10) 0.123 (3.12) 0.007 (0.18) 0.611 (0.909)
3⁄8 0.675 (17.1) 0.005 (0.13) 0.127 (3.23) 0.007 (0.18) 0.829 (1.23)

1⁄2 0.840 (21.3) 0.005 (0.13) 0.149 (3.78) 0.008 (0.20) 1.23 (1.83)
3⁄4 1.050 (26.7) 0.006 (0.15) 0.157 (3.99) 0.009 (0.23) 1.67 (2.48)
1 1.315 (33.4) 0.006 (0.15) 0.182 (4.62) 0.010 (0.25) 2.46 (3.66)

11⁄4 1.660 (42.2) 0.006 (0.15) 0.194 (4.93) 0.010 (0.25) 3.39 (5.04)
11⁄2 1.900 (48.3) 0.006 (0.15) 0.203 (5.16) 0.011 (0.28) 4.10 (6.10)
2 2.375 (60.3) 0.008 (0.20) 0.221 (5.61) 0.012 (0.30) 5.67 (8.44)

21⁄2 2.875 (73.0) 0.008 (0.20) 0.280 (7.11) 0.015 (0.38) 8.66 (12.9)
3 3.500 (88.9) 0.010 (0.25) 0.304 (7.72) 0.016 (0.41) 11.6 (17.3)

31⁄2 4.000 (102) 0.010 (0.25) 0.321 (8.15) 0.017 (0.43) 14.1 (21.0)

4 4.500 (114) 0.012 (0.30) 0.341 (8.66) 0.018 (0.46) 16.9 (25.1)
5 5.562 (141) 0.014 (0.36) 0.375 (9.52) 0.019 (0.48) 23.2 (34.5)
6 6.625 (168) 0.016 (0.41) 0.437 (11.1) 0.027 (0.69) 32.2 (47.9)

8 8.625 (219) 0.020 (0.51) 0.500 (12.7) 0.035 (0.89) 48.4 (72.0)
10 10.750 (273) 0.022 (0.56) 0.500 (12.7) 0.040 (1.0) 61.1 (90.9)

A The average outside diameter of a tube is the average of the maximum and minimum outside diameters as determined at any one cross section of the pipe.
B Maximum deviation at any one point.
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(4550 kg) or fraction thereof, except that not more than one
sample shall be required per piece.

14.1.1.3 Due to the discontinuous nature of the processing
of castings into wrought products, it is not practical to identify
specific casting analysis with a specific quantity of finished
material.

14.1.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

14.2 Retests:
14.2.1 If any test specimen shows defective machining or

develops flaws, it shall be discarded and another specimen
substituted.

14.2.2 If the results of the test on one of the specimens fail
to meet the specified requirements, two additional specimens
shall be taken from different sample pieces and tested. The
results of the tests on both of these specimens shall meet the
specified requirements. Failure of more than one specimen to
meet the specified requirements for a particular property shall
be cause for rejection of the entire lot.

14.2.3 If the chemical analysis fails to conform to the
specified limits, analysis shall be made on a new composite
sample prepared from additional pieces selected in accordance
with 13.1. The results of this retest shall comply with the
specified requirements.

15. Test Methods

15.1 The properties enumerated in this specification shall, in
case of disagreement, be determined in accordance with the
following applicable methods:

Test ASTM Designation
(Section 2)

Chemical analysis E 53, E 62, E 478
Tension E 8
Expansion (pin test) B 153
Mercurous nitrate B 154

15.2 Tension test specimens shall be of the full section of
the pipe and shall conform to the requirements of the section,
Specimens for Pipe and Tube, of Test Methods E 8, unless the
limitations of the testing machine preclude the use of such a
specimen. Test specimens conforming to Type No. 1 of Fig. 13,
Tension Test Specimens for Large-Diameter Tubular Products,
of Test Methods E 8 is permitted to be used when a full section
specimen cannot be tested.

15.3 Whenever tension test results are obtained from both
full size and from machined test specimens and they differ, the
results obtained from full size test specimens shall be used to
determine conformance to the specification requirements.

15.4 Tension test results on material covered by this speci-
fication are not seriously affected by variations in speed of
testing. A considerable range of testing speed is permissible;
however, it is recommended that the rate of stressing to the
yield strength not exceed 100 ksi (690 MPa)/min. Above the
yield strength it is recommended that the movement per minute
of the testing machine head under load not exceed 0.5 in./in.

(0.5 mm/mm) of gage length (or distance between grips for
full-section specimens).

16. Significance of Numerical Limits

16.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property Rounded Unit for
Observed or Calculated Value

Chemical composition nearest unit in the last right-hand
place of figures of the specified

limit

Tensile Strength
Yield Strength

nearest ksi (nearest 5 MPa)

17. Inspection

17.1 The manufacturer shall afford the inspector represent-
ing the purchaser, all reasonable facilities, without charge, to
satisfy him that the material is being furnished in accordance
with the specified requirements.

18. Rejection and Rehearing

18.1 Material that fails to conform to the requirements of
this specification shall be subject to rejection. Rejection is to be
reported to the manufacturer or supplier promptly and in
writing. In case of dissatisfaction with the results of the test, the
manufacturer or supplier shall have the option to make claim
for a rehearing.

19. Packaging and Package Marking

19.1 The material shall be separated by size, composition,
and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

19.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, total length or piece count or both, and name of supplier.
The specification number shall be shown, when specified.

20. Certification

20.1 When specified on the purchase order the manufacturer
shall furnish to the purchaser a certificate stating that each lot
has been sampled, tested, and inspected in accordance with this
specification and has met the requirements. When material is
specified to meet the requirements ofASME Boiler and
Pressure Vessel Code, the certification requirements are man-
datory.

21. Mill Test Report

21.1 When specified on the purchase order, the manufac-
turer shall furnish to the purchaser a test report showing results
of tests required by the specification.

22. Keywords

22.1 copper alloy UNS No. C23000; red brass pipe
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. Ggovernment.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:5

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standard:5

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:5

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer shall use his own or any other suitable facilities
for the performance of the inspection and test requirements

unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, and packed, Level A, B, or C, as
specified in the contract or purchase order, in accordance with
the requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

5 Available from Standardization Documents Order Desk, Bldg. 4, Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094, ATTN: NPODS.
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue B 43 – 96
that may impact the use of this standard.

(1) The minimum tensile strength requirement of the H58
temper (see Table 1) was changed to become 44.0 ksi (303
MPa). The previous value was 40.0 ksi.

(2) Section 11.6, Straightness Tolerance, was added to include
straightness requirements.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 49 – 98 (Reapproved 2004)

Standard Specification for
Copper Rod Drawing Stock for Electrical Purposes 1

This standard is issued under the fixed designation B 49; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification covers the requirements for rod draw-
ing stock in diameters from1⁄4 to 13⁄8 in. (6.4 to 35 mm)
produced from electrolytic tough-pitch or oxygen-free coppers
and are suitable for further fabrication into electrical conduc-
tors.

1.2 The values stated in inch-pound units are the standard.
The values given in parentheses are for information only.

1.3 The following safety hazards caveat pertains only to
Section 13.This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standards form a part of this specification to the extent
referenced herein and define materials suitable for use in rod
manufacture:

2.2 ASTM Standards:2

B 5 Specification for High Conductivity Tough-Pitch Cop-
per Refinery Shapes

B 115 Specification for Electrolytic Copper Cathode
B 170 Specification for Oxygen-Free Electrolytic Copper—

Refinery Shapes
B 193 Test Method for Resistivity of Electrical Conductor

Materials
B 224 Classification of Coppers
B 577 Test Methods for Detection of Cuprous Oxide (Hy-

drogen Embrittlement Susceptibility) in Copper
B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry

E 478 Test Methods for Chemical Analysis of Copper
Alloys

2.3 Other Document:
NBS Handbook 100Copper Wire Tables3

3. Terminology

3.1 For definitions of general terms relating to copper and
copper alloys refer to Terminology B 846.

4. Ordering Information

4.1 Orders for rod under this specification shall include the
following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Quantity of each size,
4.1.3 Type and requirements of copper (Sections 5-10),
4.1.4 Finish (Sections 9 and 10),
4.1.5 Package with or without joints (see 5.3),
4.1.6 Rod diameter (see 9.2),
4.1.7 Inspection (Section 15),
4.1.8 Package size (see 19.1), and
4.1.9 Special package marking as agreed upon between the

manufacturer and the purchaser (Section 19).
4.2 The following requirements are optional and should be

specified in the contract or purchase order when required.
4.2.1 Certification (Section 17) and
4.2.2 Test Report (Section 18).

5. Material and Manufacture

5.1 The rod shall be fabricated from copper of such quality
and purity that the finished product shall have the properties
and characteristics prescribed in this specification.

NOTE 1—The following specifications define materials suitable for use:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.07 on
Refined Copper.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1923. Last previous edition approved in 1998 as B 49 – 98e2.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from the National Technical Information Service, 5285 Port Royal
Rd., Springfield, VA 22161.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



Specification B 5, or Specification B 115, or Specification B 170.

5.2 Copper of special qualities, forms, or types, as agreed
upon between the manufacturer and the purchaser and that will
conform to the requirements prescribed in this specification
may also be used.

5.3 The rod coils shall be furnished in continuous lengths
with or without joints, as ordered.

6. Chemical Composition

6.1 Each rod type shall conform to the chemical composi-
tion requirements prescribed in Table 1 for the type of copper
ordered (Section 4).

6.2 By agreement between the manufacturer and the pur-
chaser, the addition of silver up to an average of 30 troy oz per
short ton of copper (0.10 %) will be considered within the
specification, copper including silver in the chemical analysis,
with no individual silver analysis to exceed 35 troy oz per short
ton (0.12 %). In the case of oxygen-free silver-bearing coppers,
the designation OFS (oxygen-free, silver-bearing) will be used
as shown in Classification B 224 and will include the UNS
Nos. C10400, C10500, and C10700 as defined by the agreed
silver content.

6.3 Silver-bearing tough-pitch copper corresponds to the
designation STP (silver-bearing tough-pitch) as shown in
Classification B 224 and to coppers having UNS Nos. C11300,
C11400, C11500, and C11600.

6.4 Oxygen Content—Oxygen-free copper as described
herein is defined as a copper containing not in excess of
0.0010 % (10 ppm) oxygen and produced without the use of
metallic or other deoxidizers.

7. Physical Property Requirements

7.1 Electrical Resistivity—Resistivity of the copper in the
annealed condition (See Note X1.1) shall not exceed the
following values at 20°C:

Type of Copper Resistivity, max, at 20°C
Annealed, V · g/m2

UNS C10100 only 0.15176 (101.00 % IACS min)
All others 0.15328 (100.00 % IACS min)

8. Mechanical Property Requirements

8.1 Tensile Tests—Rod finished by hot working or annealing
shall have a minimum elongation of 30 % in 10 in. (250 mm).
(Note X1.2 and Test Methods E 8.)

8.2 Torsion Tests—If torsion tests are requested, refer to
Note X1.3.

8.3 Embrittlement (Bend) Test:
8.3.1 A test to reflect propensity towards hydrogen em-

brittlement shall be performed only on oxygen-free copper.
8.3.2 The specimen shall be tested in accordance with 13.6

and Specification B 170.
8.3.3 The specimen, prepared and tested from the OFE

(oxygen-free electronic) copper (UNS C10100) listed in Table
1, shall withstand without breaking into two pieces, a minimum
of ten (10) reverse bends.

8.3.4 The specimen, prepared and tested from the OF
(oxygen-free) copper (UNS C10200) listed in Table 1, shall
withstand, without breaking into two pieces, a minimum of
eight (8) reverse bends.

8.4 Annealability—Annealability is not a requirement of
this specification. However, a discussion will be found in Notes
X1.4-X1.6.

9. Other Requirements

9.1 Surface Oxide—The surface oxide film thickness shall
be determined in accordance with 13.5.

9.1.1 Total thickness of the copper oxide film on cleaned
copper rod or annealed shaved rod or cold-finished rod shall
not exceed 1000 Å (10−7 m).

9.1.2 The residual oxide film thickness on as-shaved rod
does not need to be specified.

9.1.3 A surface oxide requirement is not necessary for rod
ordered uncleaned.

9.2 Diameter—The diameter of the rod at any point shall
not vary from that specified by more than the amounts
prescribed in Table 2.

TABLE 1 Chemical Composition A

UNS Number
Copper Type

C11040
ETPB

C10100
OFEC

C10200
OFD

C11000
ETP

Copper, min 99.90 %E 99.99 %E 99.95 %F

incl silver
99.90 %F

incl silver
ppm ppm ppm ppm

Tellurium, max 2 2 . . . . . .
Selenium, max 2 3 . . . . . .
Bismuth, max 1.0 1.0 . . . . . .
Group total, max 3 . . . . . . . . .
Antimony, max 4 4 . . . . . .
Arsenic, max 5 5 . . . . . .
Tin, max 5 2 . . . . . .
Lead, max 5 5 . . . . . .
Iron, max 10 10 . . . . . .
Nickel, max 10 10 . . . . . .
Sulfur, max 15 15 . . . . . .
Silver, max 25 25 . . . . . .
Oxygen 100–650 5 max 10 max . . .
Maximum allowable

total
65G . . . . . . . . .

Cadmium, max . . . 1 . . . . . .
Phosphorus, max . . . 3 . . . . . .
Zinc, max . . . 1 . . . . . .
Manganese, max . . . 0.5 . . . . . .

A See 13.1.2.
B From B 115 Grade 1 copper or equivalent.
C From B 170 Grade 1 copper or equivalent.
D From B 170 Grade 2 copper or equivalent.
E By difference. See 13.1.2 and 13.1.3.
F See 13.1.1.
G Not including oxygen.

TABLE 2 Permissible Variations in Diameter

Nominal Diameter, in. (mm)
Permissible Variation, in.

(mm)

1⁄4 (6.4) +0.020 (+0.51)
−0.010 (−0.25)

Over 1⁄4 (6.4) to 3⁄4 in. (19 mm) incl. 60.015 (60.38)
Over 3⁄4 (19) to 1.0 in. (25 mm) incl. 60.020 (60.51)
Over 1.0 (25) to 13⁄8 in. (35 mm) incl. 60.030 (60.76)
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10. Workmanship, Finish and Appearance

10.1 The rod shall be free of defects, but blemishes of a
nature that do not interfere with the intended application are
acceptable.

11. Sampling

11.1 This procedure shall be used in case of dispute between
the manufacturer and the purchaser.

11.2 One sample shall be taken from each 200 000-lb
(90 000-kg) lot for resistivity, elongation, surface oxide, em-
brittlement (bend) test, and chemical analysis.

11.3 When a cast refinery shape has been chemically
analyzed and converted into rod without remelting, further
chemical analysis shall not be required.

12. Number of Tests and Retests

12.1 Tests:
12.1.1 Chemical Analysis—Chemical composition shall be

determined as per the element mean of the results from at least
two replicate analyses of the sample(s).

12.1.2 Other Tests:
12.1.2.1 Electrical Resistivity, Elongation, and Surface

Oxide—Results shall be reported as the average obtained from
at least two test specimens, each taken from a separate test
piece where possible.

12.1.2.2Hydrogen Embrittlement Test and Microscopical
Examination—All specimens tested must meet the require-
ments of the specification.

12.2 Retests:
12.2.1 When requested by the manufacturer or supplier, a

retest shall be permitted when results of tests obtained by the
purchaser fail to conform to the requirements of the product
specification.

12.2.2 The retest shall be as directed in the product speci-
fication for the initial test except the number of test specimens
shall be twice that normally required for the specified test.

12.2.3 All test specimens shall conform to the product
specification requirement(s) in retest. Failure to conform shall
be cause for rejection.

13. Test Methods

13.1 Chemical Analysis:
13.1.1 In case of dispute, determine copper content of the

coppers other than UNS C10100 and UNS C11040 in Table 1
in accordance with Test Method E 53.

13.1.2 Analytical method for determining impurity levels of
coppers listed in Table 1 shall be in accordance with Specifi-
cation B 115.

13.1.3 Calculate copper content of UNS C10100 and UNS
C11040 types by subtracting from 100 % the total impurity
concentration determined. The impurity total for UNS C10100
is defined as the sum of sulfur, silver, lead, tin, bismuth,
arsenic, antimony, iron, nickel, zinc, phosphorus, selenium,
tellurium, manganese, cadmium, and oxygen present in the
sample. The impurity total for UNS C11040 is defined as the
sum of sulfur, silver, lead, tin, bismuth, arsenic, antimony, iron,
nickel, selenium, tellurium, and oxygen present in the sample.

13.1.4 The test methods annex of Specification B 170
should be referenced for the oxygen-free coppers. Test Method
E 478 should be referenced for the determination of silver-
bearing alloys permitted under this specification.

13.1.5 Oxygen content is determined on cleaned copper
samples using a suitable laboratory apparatus or a commercial
instrument designed specifically for this purpose. An ASTM
method has not been developed.

13.2 Elongation—Determine the elongation as the perma-
nent increase in length, caused by breaking of the rod in
tension, measured between gage marks placed originally 10 in.
(250 mm) apart upon the test specimen (Note X1.2). The
fracture shall be between gage marks and not closer than 1 in.
(25 mm) to either gage mark.

13.3 Electrical Resistivity:
13.3.1 At the option of the manufacturer, electrical resistiv-

ity may be determined in accordance with 13.3.2 or 13.3.3.
However, in case of dispute, 13.3.2 shall apply.

13.3.2 Make resistance measurements (Note X1.3) on speci-
mens of the rod after cleaning and processing down to a
diameter of approximately 0.080 in. (2.0 mm) and annealing at
approximately 932°F (500°C) for 30 min. Other equivalent
annealing methods may be used. Test specimens processed to
a diameter other than 0.080 in. may be used if agreed upon
between the manufacturer and the purchaser.

13.3.3 Resistance measurements may be determined on
specimens of the rod after cleaning, but without further
processing and annealing. However, in the event of failure of a
rod specimen to conform to the criteria of 7.1, a retest is
permitted using the procedure of 13.3.2.

13.3.4 Determine the electrical resistivity in accordance
with Test Method B 193 except that when the option of 13.3.3
is elected, the plus and minus tolerance for the cross-sectional
area as specified in Test Method B 193 shall not apply.

TABLE 3 Equivalent Resistivity Values A

Conductivity at 68°F (20°C), % IACS 100.00 101.00
V · lb/mile2 875.20 866.53
V · g/m2 0.153 28 0.151 76
V · c mil/ft 10.371 10.268
V · mm2/m 0.017 241 0 0.017 070
µV · in. 0.678 79 0.672 07
µV · cm 1.7241 1.7070

A The equivalent resistivity values for 100 % IACS (soft copper) were each
computed from the fundamental IEC value (1/58 V · mm2/m) using conversion
factors each accurate to at least seven significant figures.

FIG. 1 Schematic Illustration Showing Electrolytic Reduction Test
Method
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13.4 Diameter—Measure the diameter of the rod with a
suitable measuring device, micrometer, caliper or other, read-
ing at least to the nearest 0.001 in. (0.02 mm).

13.5 Surface Oxide:
13.5.1 Determine the thickness and type of unreduced oxide

films remaining on the surface of rod after cleaning by an
electrolytic reduction method. This test is performed by reduc-
ing the surface oxide(s) to copper in an electrolytic cell.4 As
shown by the schematic diagram in Fig. 1, the test sample is
made cathodic with respect to an anode, which shall be made
from a platinum wire or an equivalent inert electrode. Supply
current from a dc power supply or a coulometer. Although 10
milliampere (mA) is a typical value of current, it is best to have
equipment capable of operating in the range of 1 to 20 mA. The
electrolyte shall be a 0.1M solution of sodium carbonate and
shall cover at least 4 in. (101.6 mm) of the test sample. Before
testing, clean each rod sample of oil or grease using acetone or
an equivalent solvent.

13.5.2 Each of the oxides found on copper, namely cuprous
and cupric, are reduced sequentially to copper at different
reduction potentials, and the voltages are to be recorded against
time during the entire test. When the individual reactions
between the oxides and hydrogen ions are complete, gaseous
hydrogen is evolved and may be seen visually at the surface of
the copper rod sample.

13.5.3 A typical curve of voltage versus time is presented in
Fig. 2. Cuprous oxide is reduced initially. When this reaction is
complete, reduction of the cupric oxide occurs at a higher
voltage.

13.5.4 Calculate thickness of each oxide present as follows:

T 5
I t M
Sd Fn (1)

where:
T = oxide thickness, cm;
I = current, A;
t = time of reaction, s;
M = molecular weight of the oxide, g;
S = surface area of immersed sample, cm2;
d = oxide density (6.0 g/cm3 for Cu2O and 6.4 g/cm3 for

CuO);
F = Faraday constant, 96 500 C; and
n = hydrogen equivalent (2).

13.6 Hydrogen Embrittlement Susceptibility:
13.6.1 Draw the specimen of oxygen-free copper rod into

0.080-in. (2.03-mm) diameter wire. Then anneal it in an
atmosphere containing not less than 10 % of hydrogen for 30
min at 15606 45°F (8506 25°C) and cool quickly in the
same atmosphere, or without undue exposure to air, quench
into water. Make sure that each specimen undergoes the bend
test in accordance with 13.6.2.

13.6.2 Lightly clamp the specimen (13.6.1) between jaws
with edges having a radius of 0.200 in. (5.1 mm). Then bend it
by hand over one edge of the jaws through an angle of 90° and
return it to its original position. This constitutes a second bend.
Make each successive bend in the opposite direction from the
previous bend (see Test Methods B 577).

14. Significance of Numerical Limits

14.1 Calculated values shall be rounded to the nearest unit
in the last right hand significant digit used in expressing the
limiting value in accordance with the rounding-off method in
Practice E 29.

15. Inspection

15.1 All inspections and tests shall be made at the place of
manufacture unless otherwise agreed upon between the manu-
facturer and the purchaser at the time of purchase. The
manufacturer shall afford the inspector representing the pur-
chaser all reasonable facilities to satisfy him that the material
being furnished is in accordance with this specification.

16. Rejection and Rehearing

16.1 Rejection:
16.1.1 Product that fails to conform to the requirements of

the product specification may be rejected.
16.1.2 Rejection shall be reported to the manufacturer, or

supplier, promptly and in writing.
16.1.3 In case of disagreement or dissatisfaction with the

results of the test upon which rejection was based, the
manufacturer or supplier may make claim for a rehearing.

16.2 Rehearing—As a result of product rejection, the manu-
facturer or supplier may make claim for retest to be conducted
by the manufacturer or supplier and the purchaser. Samples of

4 For a description of a similar, yet alternative standard procedure to determine
tarnish films on coupons exposed to environmental tests, see “Monitoring Environ-
mental Tests by Coulometric Reduction of Metallic Control Samples,”Journal of
Testing and Evaluation,1989, pp. 357–367, ASTM. Also refer to “The Role of
Surface Oxide and Its Measurement in the Copper Wire Industry,”Wire Journal,
March 1977, pp. 50–57.

FIG. 2 Typical Voltage-Time Curve for the Reduction of Copper
Oxide Films
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the rejected product shall be taken in accordance with the
product specification and tested by both parties as directed in
the product specification, or alternatively upon agreement by
both parties, an independent laboratory may be selected for the
tests using the test methods prescribed in the product specifi-
cation.

17. Certification

17.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met.

18. Test Report

18.1 When specified in the contract or purchase order, a
report of test results shall be furnished.

19. Packaging and Package Marking

19.1 Package size shall be agreed upon between the manu-
facturer and the purchaser and shall be stated in the order.

19.2 The rod shall be packaged and protected against
damage from normal handling and shipping as is consistent
with good commercial practice.

19.3 Individual coils without joints and with a net mass
greater than 3000 lb (1400 kg) shall be marked or otherwise
identified with the following:

19.3.1 Coil production number,

19.3.2 Net weight, and

19.3.3 Manufacturer’s name, brand, or trademark.

19.4 Marking for coils other than described in 19.3 shall be
agreed upon between the manufacturer and the purchaser.

20. Keywords

20.1 copper redraw rod; electrical conductors; oxygen-free
copper; tough-pitch copper

ANNEX

(Mandatory Information)

A1. SAMPLING PLAN

A1.1 This procedure shall be used in case of dispute
between the manufacturer and the purchaser.

A1.2 One sample shall be taken from each 200 000-lb
(90 000-kg) lot for resistivity, tensile elongation, annealability,
surface oxide, embrittlement (bend) test, and chemical analy-
sis.

A1.3 When a cast refinery shape has been chemically
analyzed and converted into rod without remelting, further
chemical analysis shall not be required.

APPENDIX

(Nonmandatory Information)

X1. EXPLANATORY INFORMATION

NOTE X1.1—Relationships that may be useful in connection with the
values of electrical resistivity prescribed in this specification are shown in
Table 3. Resistivity units are based on the International Annealed Copper
Standards (IACS) adopted by IEC in 1913, which is 1/58V · mm2/m at
20°C for 100 % conductivity. The value of 0.017 241V · mm2/m and the
value of 0.153 28V · g m2 at 20°C are, respectively, the international
equivalent of volume and weight resistivity of annealed copper equal (to
five significant figures) to 100 % conductivity. The latter term means that
a copper wire 1 m inlength and weighing 1 g would have a resistance of
0.153 28V. This is equivalent to a resistivity value of 875.20V · lb/mile2,
which signifies the resistance of a copper wire 1 mile in length weighing
1 lb. It is also equivalent, for example, to 1.7241 µV/cm of length of a
copper bar 1 cm2 in cross section. A complete discussion of this subject is
contained inNBS Handbook 100.The use of five significant figures in
expressing resistivity does not imply the need for greater accuracy of
measurement than that specified in Test Method B 193. The use of five
significant figures is required for reasonably accurate reversible conver-
sion from one set of resistivity units to another. The equivalent resistivity

values in Table 3 were derived from the fundamental IEC value (1/58V
· mm2/m) computed to seven significant figures and then rounded to five
significant figures.

NOTE X1.2—In general, tested values of elongation are reduced with
increased speed of the moving head of the testing machine in the tension
testing of copper wire and rod. In the case of tests on soft or annealed
copper rod, however, the effects of speed of testing are not pronounced. In
tests of soft rod made at speeds not greater than 12 in./min (300 mm/min),
the values obtained for elongation are not affected to any practical extent
(see Test Methods E 8).

NOTE X1.3—Torsion tests are widely used by producers and users.
Because of the uncertain correlation with performance, and the subjective
aspect of interpretation, these tests should only be used as an indicator of
in-house process control. Therefore, no standardized test is recommended.

NOTE X1.4—Annealability by Hardness Tests—A rod sample of suit-
able length shall be cut from each end of a coil lot. The as-received sample
shall be cold rolled to a flat section, so that the thickness is equal to 30 %
of the original rod diameter. No edge rolling is required. The flattened
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copper shall be heated at 5276 2°F (2756 1°C) for 15 min in a constant
temperature bath and quenched immediately into water at ambient
temperature. Other temperatures and times may be used by special
agreement between the manufacturer and purchaser. Hardness shall be
measured along the center line of the annealed specimen using the
Rockwell F scale, in accordance with Test Method E 18.

NOTE X1.5—Annealability by Torsion (Spiral Elongation)—The spiral
elongation test described herewith is used only for testing high conduc-
tivity copper that is sampled at the rod stage and does not address the
quality of copper wire selected at later stages of commercial processing.
Copper wire is initially given a low temperature anneal under tightly
controlled conditions, subsequently wound into a spiral (helical configu-
ration) under tensile load, and then stretched axially by a weight of
specified mass. The change in length measured after the weight is
removed, and the spiral has relaxed, is considered as a measure of
softness.

Rod Treatment—A rod sample of suitable length shall be cut from the
end of a coil lot, and if necessary, reduced to a diameter of either 0.25 in.,
+0.020 −0.010 (6.35 mm +0.50 −0.25) or 0.3156 0.015 in. (8.006 0.40
mm) by cold drawing. This sample shall either be annealed or not
annealed according to the following circumstances:

(a) No annealing treatment will be performed if the copper is processed
according to a specific manufacturing schedule.

(b) The sample shall be subjected to an annealing treatment if it is
desired to compare samples produced via different manufacturing routes.
Under these circumstances, the rod sample shall be annealed under normal
atmosphere for 1 h at700°C6 20 (1256 to 1328°F) and then quenched
into water or a dilute (10 % v/v) sulfuric acid solution at ambient
temperature. Copper oxide scale shall be removed in a 10 % v/v volume
per volume, sulfuric acid bath and thoroughly washed to remove loose
scale or adhering copper dust.

Preparation of Wire for Spiral Elongation Test—The rod sample shall
be drawn into a 2.00-mm (0.080 in.6 0.01) diameter wire in a series of
passes, each of which shall reduce the cross-sectional area of the
conductor by 20 to 25 %.

Particular care should be taken to avoid excessive heating of the copper
during drawing. For example, the wire shall either be allowed to cool for
5 min between passes or quenched to ambient temperature after each pass.
In addition, drawing speed should not exceed 60 m/min (200 ft/min), and
the drawn wire shall be wound into a coil having a minimum diameter of
200 mm.

After drawing, a coil of the wire shall be formed by winding the
conductor around a mandrel having a minimum diameter of 200 mm (7.87
in.). The copper coil shall then be removed from the mandrel, heated for
2 h at 3926 1°F (2006 0.5°C), in a constant temperature bath, and
cooled immediately to ambient temperature.

Temperature of the copper wire must be kept uniform and measured
quite accurately. Since good temperature control is extremely important,
thermocouples should be placed at strategic locations throughout the
annealing device. It is recommended that an 8-mm-diameter dummy rod
sample be formed into a 200-mm-diameter ring and placed in the constant

temperature bath at the same position normally occupied by the test wire.
Using a thermocouple embedded in the rod to a depth equal to the radius,
temperature should reach the annealing temperature within a 5-min
period.

Test Procedures—A 1400-mm-long test sample is cut from the annealed
coil of wire. Using an indelible marking tool, a 1000-mm gage length is
marked over the midlength of the copper wire. One end of the test sample
is firmly secured to the end of a polished mandrel whose axis is horizontal
and which has a diameter of 206 0.01 mm. A 2.240-kg load is suspended
from the free end of the wire, thereby inducing a stress of 7 MPa (1000
psi). The wire shall be wound into a spiral by rotating the mandrel at a
speed of approximately 50 r/min, taking special care that each turn of the
spiral touches the preceding one, that the turns are not pressed into place,
that handling is kept to a minimum, and that the wire is wound in the same
direction that it was previously coiled.

Although the length between gage marks on the spiral is approximately
28 mm, this distance shall be measured to the nearest 1 mm, and recorded
as the initial value “10.”

The spiral of wire shall then be removed from the mandrel, carefully
fastened at one end, and loaded axially at the other (lower) end with the
same 2.240-kg weight as that used in the aforementioned coil winding
operation.

The weight shall be supported initially with a platform and loaded onto
the spiral uniformly and smoothly by either of two methods, namely: (a)
lowering the platform supporting the weight or (b) raising the upper end
of the spiral at a rate such that the stretching of the spiral does not exceed
20 cm/s.

After 1 min of free suspension, the weight is manually removed in a
very careful manner and the elongated spiral is allowed to relax by placing
it on a table for an additional period of 1 min. Note that the load is not to
be removed by either raising the platform or lowering the upper end of the
spiral. The extended length of the spiral between gage marks shall be
measured to the nearest 1 mm and called “1f.” The spiral elongation value,
in millimetres, is calculated as the difference lf − l0.

This same procedure shall be repeated on two additional spirals of wire
from the same coil, and the average value obtained from three separate
spirals shall be referred to as the “Spiral Elongation Number.”

NOTE X1.6—Annealability (General)—Although five different basic
types of test methods have been reported in the literature for measuring the
annealability of wirebar or rod, numerous variations and perturbations
exist. For a more thorough description of these tests, refer to theJournal
of Testing and Evaluation.5 Inasmuch as hardness and torsional measure-
ments are frequently used, detailed procedures are contained in Notes
X1.4 and X1.5. Softening values for low temperature annealing copper
and for other types of copper rods, if requested, shall be decided upon
between the producer and the user.

5 Joint B-1 and B-2 Task Group, “The Annealability Testing of Copper,”Journal
of Testing and Evaluation,Vol 1, No. 1, ASTM, 1973.

B 49 – 98 (2004)

6



SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 49 – 92)
that may impact the use of this standard.

(1) The Referenced Documents section has been updated.
(2) The following sections have been added: Terminology;

Significance of Numerical Limits; Test Report, Rejection, and
Rehearing; Number of Tests and Retests; Keywords.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 61 – 02

Standard Specification for
Steam or Valve Bronze Castings 1

This standard is issued under the fixed designation B 61; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification2 establishes requirements for a high-
grade steam-metal or valve-bronze alloy (Copper Alloy UNS
No. C922003) used for component castings of valves, flanges,
and fittings.

1.2 The castings covered are used in products that may be
manufactured in advance and supplied from stock by the
manufacturer or other dealer.

1.3 The values stated in inch-pound units are to be regarded
as the standard. Metric values given in parenthesis are for
information only.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 208 Practice for Preparing Tension Test Specimens for

Copper-Base Alloys for Sand, Permanent Mold, Centrifu-
gal, and Continuous Castings4

B 824 Specification for General Requirements for Copper
Alloy Castings4

E 527 Practice for Numbering Metals and Alloys (UNS)5

2.3 MSS Standards:
SP-25 Standard Marking System for Valves, Fittings,

Flanges and Unions6

3. Ordering Information

3.1 Orders for castings under this specification shall include
the following:

3.1.1 Quantity of castings required,
3.1.2 Copper Alloy UNS No. (Table 1),
3.1.3 Specification title, number, and year of issue,
3.1.4 Pattern or drawing number and condition (as-cast,

machined, and so forth),
3.1.5 Chemical analysis of residual elements if specified in

the purchase order (Specification B 824),
3.1.6 Pressure test requirements, if specified in the purchase

order (Specification B 824),
3.1.7 Soundness requirements, if specified in the purchase

order (Specification B 824),
3.1.8 Certification, if specified in the purchase order (Speci-

fication B 824),
3.1.9 Foundry test report, if specified in the purchase order

(Specification B 824),
3.1.10 Witness inspection, if specified in the purchase order

(Specification B 824),
3.1.11 ASME boiler and pressure vessel application (Sec-

tion 9), and
3.1.12 Product marking, if specified in the purchase order

(Specification B 824 and Section 10).
3.2 When material is purchased for agencies of the U.S.

Government, the Supplementary Requirements in Specification
B 824 may be specified.

4. Chemical Composition

4.1 The alloy shall conform to the chemical requirements
for major elements specified in Table 1.

4.2 These specification limits do not preclude the presence
of other elements. Limits may be established for unnamed
elements by agreement between manufacturer or supplier and

1 This practice is under the jurisdiction of ASTM Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.05 on Castings
and Ingots for Remelting.

Current edition approved Dec. 10, 2002. Published February 2003. Originally
approved in 1927. Discontinued June 2002 and reinstated as B 61 – 02. Last
previous edition approved in 1993 as B 61 – 93.

2 For ASME Boiler and Pressure Vessel Codeapplications see related Specifi-
cation SB-61 of that Code.

3 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00”. The suffix can be used to accommodate
composition variations of the base alloy.

4 Annual Book of ASTM Standards, Vol 02.01.
5 Annual Book of ASTM Standards, Vol 01.01.

6 Available from Manufacturers Standardization Society of the Valve and Fittings
Industry, 127 Park Street NE, Vienna, VA 22180-4602.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



purchaser. Copper or zinc may be given as remainder and may
be taken as the difference between the sum of all elements
analyzed and 100 %. When all named elements in Table 1 are
analyzed, their sum shall be as follows:

Copper plus named elements, 99.3 % minimum. (1)

4.3 It is recognized that residual elements may be present in
cast copper base alloys. Analysis shall be made for residual
elements only when specified in the purchase order (Specifi-
cation B 824).

5. Mechanical Properties
5.1 Mechanical properties shall be determined from sepa-

rately cast test bars and shall meet the requirements shown in
Table 2.

6. Casting Repair
6.1 Castings shall not be plugged, welded, burned-in, or

impregnated.

7. General Requirements

7.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 824.

8. Sampling

8.1 Copper Alloy UNS No. C92200 test bar castings shall be
cast to the form and dimensions shown in Figs. 2, 3, or 4 of
Practice B 208.

9. Certification

9.1 When material is specified to meet the requirements of
ASME Boiler and Pressure Vessel Code, the certification
requirements of Specification B 824 are mandatory.

10. Product Marking

10.1 Valves, flanges, and fittings shall be marked in accor-
dance with the latest revision of the Standard Marking System
for Valves, Fittings, Flanges, and Unions (No. SP-25) of the
Manufacturers Standardization Society of the Valve and Fit-
tings Industry, and in such position as not to injure the
usefulness of the casting.

11. Keywords

11.1 Navy M castings; steam bronze castings; valve castings

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

TABLE 1 Chemical Requirements, Copper Alloy UNS No. C92200

Major Elements
Composition, % max (Except as

indicated)

Copper 86.0–90.0
Tin 5.5–6.5
Lead 1.0–2.0
Zinc 3.0–5.0
Nickel incl Cobalt 1.0A

Residual Elements
Composition, % max (Except as

indicated)

Iron 0.25
Antimony 0.25
Sulfur 0.05
Phosphorus 0.05
Aluminum 0.005
Silicon 0.005
A In determining copper minimum, copper may be calculated as copper plus

nickel.

TABLE 2 Tensile Properties

Tensile strength, min, ksiA (MPaB) 34 (235)
Yield strength,C min, ksiA (MPaB) 16 (110)
Elongation in 2 in. (50.8 mm), min % 24

A ksi = 1000 psi.
B See Appendix.
C Yield strength shall be determined as the stress producing an elongation under

load of 0.5 % that is, 0.01 in. (0.25 mm) in a gage length of 2 in. (51 mm).
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue that may
impact the use of this standard.

1. Paragraph 1.1 was rewritten
2. The entire specification was revised to comply with Speci-
fication B 824 General Requirements for Copper Alloy Cast-
ings.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 62 – 02

Standard Specification for
Composition Bronze or Ounce Metal Castings 1

This standard is issued under the fixed designation B 62; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification2 establishes requirements for an alloy
having a composition of copper, tin, lead, and zinc, used for
component castings of valves, flanges, and fittings. The com-
mon trade name of this alloy is 85-5-5-5; the correct identifi-
cation is Copper Alloy UNS No. C83600.3

1.2 The castings covered are used in products that may be
manufactured in advance and supplied from stock from the
manufacturer or other dealer.

1.3 The values stated in inch-pound units are to be regarded
as the standard. Metric values given in parentheses are for
information only.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 208 Practice for Preparing Tension Test Specimens for

Copper-Base Alloys for Sand, Permanent Mold, Centrifu-
gal, and Continuous Castings4

B 824 Specification for General Requirements for Copper-
Alloy Castings4

E 527 Practice for Numbering Metals and Alloys5

2.3 MSS Standards:

SP-25 Standard Marking System for Valves, Fittings,
Flanges and Unions6

3. Ordering Information

3.1 Orders for castings under this specification shall include
the following:

3.1.1 Quantity of castings required,
3.1.2 Copper Alloy UNS No. (Table 1),
3.1.3 Specification title, number, and year of issue,
3.1.4 Pattern or drawing number and condition (as-cast,

machined, and so forth),
3.1.5 Chemical analysis of residual elements, if specified in

the purchase order (Specification B 824),
3.1.6 Pressure test requirements, if specified in the purchase

order (Specification B 824),
3.1.7 Soundness requirements, if specified in the purchase

order (Specification B 824),
3.1.8 Certification, if specified in the purchase order (Speci-

fication B 824),
3.1.9 Foundry test report, if specified in the purchase order

(Specification B 824),
3.1.10 Witness inspection, if specified in the purchase order

(Specification B 824),
3.1.11 ASME Boiler and Pressure Vessel application (Sec-

tion 9), and
3.1.12 Product marking, if specified in the purchase order

(Specification B 824 and Section 10).
3.2 When material is purchased for agencies of the U.S.

Government, the Supplementary Requirements in Specification
B 824 may be specified.

4. Chemical Composition

4.1 The alloy shall conform to the requirements for major
elements specified in Table 1.

4.2 These specification limits do not preclude the presence
of other elements. Limits may be established for unnamed
elements by agreement between manufacturer or supplier and

1 This practice is under the jurisdiction of ASTM Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.05 on Castings
and Ingots for Remelting.

Current edition approved Dec. 10, 2002. Published February 2003. Originally
approved in 1926. Discontinued June 2002 and reinstated as B 62 – 02. Last
previous edition approved in 1993 as B 62 – 93.

2 For ASME Boiler and Pressure Vessel Codeapplications see related Specifi-
cation SB-61 of that Code.

3 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00”. The suffix can be used to accommodate
composition variations of the base alloy.

4 Annual Book of ASTM Standards, Vol 02.01.
5 Annual Book of ASTM Standards, Vol 01.01.

6 Available from Manufacturers Standardization Society of the Valve and Fittings
Industry, 127 Park Street NE, Vienna, VA 22180-4602.

1

*A Summary of Changes section appears at the end of this standard.
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purchaser. Copper or zinc may be given as remainder and may
be taken as the difference between the sum of all elements
analyzed and 100 %. When all named elements in Table 1 are
analyzed, their sum shall be as follows:

Copper Plus Named Elements, 99.3 % Minimum (1)

4.3 It is recognized that residual elements may be present in
cast copper base alloys. Analysis shall be made for residual
elements only when specified in the purchase order (Specifi-
cation B 824).

5. Mechanical Properties
5.1 Mechanical properties shall be determined from sepa-

rately cast test bars and shall meet the requirements shown in
Table 2.

6. Casting Repair
6.1 Castings shall not be repaired, plugged, welded or

burned-in.

7. General Requirements

7.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 824.

8. Sampling

8.1 Copper Alloy UNS No. C83600 test bar castings shall be
cast to the form and dimensions shown in Figs. 2, Figs. 3, or
Figs. 4 of Practice B 208.

9. Certification

9.1 When material is specified to meet the requirements of
ASME Boiler and Pressure Vessel Code, the certification
requirements of Specification B 824 are mandatory.

10. Packaging and Package Marking

10.1 Valves, flanges, and fittings shall be marked in accor-
dance with the latest revision of the Standard Marking System
for Valves, Fittings, Flanges, and Unions (No. SP-25) of the
Manufacturers Standardization Society of the Valve and Fit-
tings Industry, and in such position as not to injure the
usefulness of the casting.

11. Keywords

11.1 copper-alloy castings; ounce metal castings; red brass
castings; valve castings

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

TABLE 1 Chemical Requirements Copper Alloy UNS No. C83600

Major Elements
Composition, % max
(Except as Indicated)

Copper 84.0–86.0
Tin 4.0–6.0
Lead 4.0–6.0
Zinc 4.0–6.0
Nickel incl Cobalt 1.0A

Residual Elements
Composition, % max
(Except as Indicated)

Iron 0.30
Antimony 0.25
Sulfur 0.08
Phosphorus 0.05
Aluminum 0.005
Silicon 0.005
A In determining copper minimum, copper may be calculated as copper plus

nickel.

TABLE 2 Tensile Properties

Tensile strength, min, ksiA (MPaB) 30 (205)
Yield strength,C min, ksiA (MPaB) 14 (95)
Elongation in 2 in. or 50 mm, min, % 20

A ksi = 1000 psi.
B See Appendix.
C Yield strength shall be determined as the stress producing an elongation under

load of 0.5 %; that is, 0.01 in. (0.25 mm) in a gage length of 2 in. (51 mm).
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue that may
impact the use of this standard.

1. Paragraph 1.1 was rewritten.
2. The entire specification was revised to comply with Speci-
fication B 824.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

B 62 – 02

3



Designation: B 66 – 95 (Reapproved 2003)

Standard Specification for
Bronze Castings for Steam Locomotive Wearing Parts 1

This standard is issued under the fixed designation B 66; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes requirements for bronze
castings for steam locomotive wearing parts. Historically, the
alloys in this specification have been used in the applications
listed in the Appendix. Actual practice may vary according to
locomotive type and service.

1.2 The values stated in inch-pound units are the standard.2

2. Referenced Documents

2.1 ASTM Standards:The following documents in the
current issue of the Book of Standards form a part of this
specification to the extent referenced herein:

B 824 Specification for General Requirements for Copper
Alloy Castings3

B 846 Terminology for Copper and Copper Alloys3

E 527 Practice for Numbering Metals and Alloys (UNS)4

2.2 AAR Standards:
M-503 Bronze Bearings for Locomotives5

3. Terminology

3.1 Definitions of terms relating to copper alloys can be
found in Terminology B 846.

4. Ordering Information

4.1 Orders for castings under this specification should
include the following information:

4.1.1 Specification title, number, and year of issue,
4.1.2 Quantity of castings,

4.1.3 Copper Alloy UNS Number (Table 1),
4.1.4 Pattern or drawing number and condition (as cast,

machined, and so forth).
4.2 The following are optional and should be specified in

the purchase order when required:
4.2.1 Chemical analysis of residual elements, if specified in

the purchase order (Section 5.3),
4.2.2 Pressure test or soundness requirements (Specification

B 824),
4.2.3 Certification (Specification B 824),
4.2.4 Foundry test report (Specification B 824),
4.2.5 Witness inspection (Specification B 824), and
4.2.6 Product marking (Section 7).

5. Chemical Composition

5.1 The castings shall conform to the compositional require-
ments for named elements shown in Table 1 for the Copper
Alloy UNS Numbers specified in the purchase order.

5.2 These specification limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements agreed upon between the
manufacturer or supplier and the purchaser. Copper or zinc
may be given as remainder and may be taken as the difference
between the sum of all elements analyzed and 100 %. When all
named elements in Table 1 are analyzed, their sum shall be as
specified in Table 2.

5.3 It is recognized that residual elements may be present in
cast copper base alloys. Analysis shall be made for residual
elements only when specified in the purchase order.

6. Casting Repair

6.1 The castings shall not be repaired, plugged, welded, or
burned-in.

7. Test Methods

7.1 Analytical chemical methods are given in Specification
B 824 (Section 12).

1 This practice is under the jurisdiction of ASTM Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.05 on Castings
and Ingots for Remelting.

Current edition approved Apr. 10, 2003. Published June 2003. Originally
approved in 1936. Last previous edition approved in 1995 as B 66 – 95.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00”. The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 01.01.
5 Available from Association of American Railroads, Mechanical Division, 50 F

Street NW, Washington, DC 20001.

1

*A Summary of Changes section appears at the end of this standard.
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7.1.1 Test methods to be followed for the determination of
elements resulting from contractual or purchase order agree-
ment shall be as agreed upon between the manufacturer or
supplier and the purchaser.

8. General Requirements

8.1 The following sections of Specification B 824 form a
part of this specification. In the event of a conflict between this
specification and Specification B 824, the requirements of this
specification shall take precedence.

8.1.1 Terminology (Section 3),
8.1.2 Other Requirements (Section 5),
8.1.3 Dimensions, Mass, and Permissible Variations (Sec-

tion 6),

8.1.4 Workmanship, Finish, and Appearance (Section 7),
8.1.5 Sampling (Section 9),
8.1.6 Number of Tests and Retests (Section 10),
8.1.7 Specimen Preparation (Section 11),
8.1.8 Test Methods (Section 12),
8.1.9 Significance of Numerical Limits (Section 13),
8.1.10 Inspection (Section 14),
8.1.11 Rejection and Rehearing (Section 15),
8.1.12 Certification (Section 16),
8.1.13 Test Report (Section 17), and
8.1.14 Packaging and Package Marking (Section 19).

9. Product Marking

9.1 All castings shall have the manufacturer’s initial or
trademark, the pattern number, and such other marks as are
shown on the drawings cast on them. When serial numbers are
specified, each 100 castings, or fraction thereof, shall bear the
same serial number, commencing with the numeral one (1) at
the beginning of the year and continuing consecutively until
the end of the year, at each manufacturer’s plant.

10. Keywords

10.1 bronze castings; copper-alloy castings; locomotive
wearing parts

APPENDIX

(Nonmandatory Information)

X1. APPLICATIONS FOR ALLOYS IN THIS STANDARD

X1.1 The alloys in this specification have historically been
used in the applications listed below. Actual practice may vary
according to locomotive type and service. This information is
provided for “information only” and should not be considered
as recommendations.

X1.2 Copper Alloy UNS No. C93400—For side rod bush-
ings and cross-head gibs.

X1.3 Copper Alloy UNS No. C93600—For side rod bush-
ings.

X1.4 Copper Alloy UNS No. C93700—For shoes and
wedges.

X1.5 Copper Alloy UNS No. C93800 (Formerly Hard
Bronze)—General purpose wearing metal, may be cast in either
sand or metal molds, for rod bushings, shoes and wedges,
cross-head gibs, engine truck, driving boxes and trailer brasses.

X1.6 Copper Alloy UNS No. C94300 (Formerly Soft
Bronze)—Generally cast in metal molds for driving boxes and
special purposes where a soft metal is desired.

TABLE 1 Chemical Requirements

NOTE 1—Composition % max except as indicated

Major Elements Residual Elements

Copper
Alloy No.

Copper Tin Lead Zinc
Nickel

(incl Co)
Iron Aluminum

Manga-
nese

Iron Antimony
Phos-
phorus

Sulphur Aluminum Silicon

C93200 81.0–85.0 6.3–7.5 6.8–8.0 1.0–4.0 ... ... ... ... 0.20 0.35 0.15 0.08 0.005 0.005
C93400 82.0–85.0 7.0–9.0 7.0–9.0 0.8 ... ... ... ... 0.20 0.50 0.50 0.08 0.005 0.005
C93600 79.0–83.0 6.0–8.0 11.0–13.0 1.0 ... ... ... ... 0.20 0.55 0.15 0.08 0.005 0.005
C93700 78.0–82.0 9.0–11.0 8.0–11.0 0.8 ... ... ... ... 0.15 0.50 0.15 0.08 0.005 0.005
C93800 75.0–79.0 6.3–7.5 13.0–16.0 0.8 1.0 ... ... ... 0.15 0.8 0.05 0.08 0.005 0.005
C94300 67.0–72.0 4.5–6.0 23.0–27.0 0.8 1.0 ... ... ... 0.15 0.8 0.05 0.08 0.005 0.005
C94400 remainder 7.0–9.0 9.0–12.0 0.80 1.0 ... ... ... 0.15 0.8 0.05 0.08 0.005 0.005
C94500 remainder 6.0–8.0 16.0–22.0 1.2 1.0 ... ... ... 0.15 0.8 0.05 0.08 0.005 0.005
C95400 83.0 min ... ... ... 1.5 3.0–5.0 10.0–11.5 0.50 ... ... ... ... ... ...

TABLE 2 Sum of Named Elements Analyzed

Copper Alloy UNS No.
Copper Plus Named

Elements,% min

C93200 99.2
C93400 99.2
C93600 99.3
C93700 99.0
C93800 98.9
C94300 99.0
C94400 99.0
C94500 99.0
C95400 99.5
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X1.7 Copper Alloy UNS No. C94400 (Formerly Phosphor
Bronze)—Shoes and wedges, floating rod bushings, or other
uses where a hard wearing surface is required.

X1.8 Copper Alloy UNS No. C94500 (Formerly Medium
Bronze)—May be cast in sand or metal molds for driving-box

engine and trailer truck brasses, hub liners, and bearings
requiring lining metal for facing or lining.

X1.9 Copper Alloy UNS No. C95400—For shoes, wedges
and hub liners.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 66 – 93a)
that may impact the use of this standard.

(1) The non-mandatory information in Section 1 was moved to
the Appendix.
(2) New Section 3 Terminology was added.

(3) Old Sections 3 and 8 were rewritten.

(4) New Section 7 Test Methods was added.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 68 – 02

Standard Specification for
Seamless Copper Tube, Bright Annealed 1

This standard is issued under the fixed designation B 68; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for bright
annealed seamless copper tube suitable for use in refrigeration,
oil lines, gasoline lines, and so forth, where tube with an
interior surface essentially free from scale and dirt is required.

1.1.1 Tubes made from any of the following Copper UNS
No. designations shall be supplied, unless otherwise specified
in the contract or purchase order:

Copper UNS No.2 Type of Copper

C10200 Oxygen-free without residual deoxidants
C10300 Oxygen-free, extra low phosphorus
C10800 Oxygen-free, low phosphorus
C12000 Phosphorus deoxidized, low residual phosphorus
C12200 Phosphorus deoxidized, high residual phosphorus

1.2 Values stated in inch-pound units are the standard except
for grain size, which is given in SI units.

1.3 This specification is the companion to SI Specification
B 68M; therefore, no SI equivalents are presented in this
specification.

1.4 The following hazard statement pertains only to the test
method described in Sections 20.5 and 21.2.6 of this specifi-
cation: This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 68M Specification for Seamless Copper Tube, Bright

Annealed [Metric]3

B 153 Test Method for Expansion (Pin Test) of Copper and
Copper-Alloy Pipe and Tubing3

B 251 Specification for General Requirements for Wrought
Seamless Copper and Copper-Alloy Tube3

B 577 Test Methods for Detection of Cuprous Oxide (Hy-

drogen Embrittlement Susceptibility) in Copper3

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

E 3 Guide for Preparation of Metallographic Specimens4

E 8 Test Methods for Tension Testing of Metallic Material4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry6

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)6

E 112 Test Methods for Determining the Average Grain
Size4

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes7

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition6

E 527 Practice for Numbering Metals and Alloys (UNS)8

3. Terminology

3.1 Definitions:
3.1.1 See Terminology B 846 for definitions of terms related

to copper and copper alloys.
3.1.2 bright anneal, n—a thermal treatment carried out in a

controlled atmosphere so that surface oxidation is reduced to a
minimum and the surface remains relatively bright.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 capable of—the test need not be performed by the

producer of the material. However, if subsequent testing by the
purchaser establishes that the material does not meet these
requirements, the material shall be subject to rejection.

4. Ordering Information

4.1 Include the following information in orders for prod-
ucts:

4.1.1 ASTM designation and year of issue (for example,
B 68 – 95),

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 68 – 22T. Last previous edition B 68 – 99.

2 Refer to Practice E 527 for explanation of unified numbering system (UNS).
3 Annual Book of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.06.
7 Annual Book of ASTM Standards, Vol 03.03.
8 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.2 UNS copper number (for example, C10200),
4.1.3 Temper (Section 8),
4.1.4 Dimensions, diameter, and wall thickness (Section

16),
4.1.5 How furnished: straight lengths or coils,
4.1.6 Total length, or number of pieces, of each size,
4.1.7 Total weight, each size, and
4.1.8 When product is purchased for agencies of the U.S.

Government.
4.2 The following options are available and shall be speci-

fied at the time of placing the order, when required:
4.2.1 Electromagnetic (eddy-current) test,
4.2.2 Embrittlement test,
4.2.3 Expansion test,
4.2.4 Flattening test,
4.2.5 Certification, and
4.2.6 Mill test report.

5. General Requirements

5.1 The following sections of Specification B 251 are a part
of this specification.

5.1.1 Terminology, General,
5.1.2 Material and Manufacture,
5.1.3 Workmanship, Finish, and Appearance,
5.1.4 Significance of Numerical Limits,
5.1.5 Inspection,
5.1.6 Rejection and Rehearing,
5.1.7 Certification,
5.1.8 Test Reports,
5.1.9 Packaging and Package Marking, and
5.1.10 Supplementary Requirements.
5.2 In addition, when a section with an identical title to

those referenced in 5.1 appears in this specification, such
section may contain requirements which supersede those
appearing in Specification B 251. In case of conflict, this
specification prevails.

6. Materials and Manufacture

6.1 Materials:
6.1.1 The material of manufacture shall be billets, bars, or

tube of the Copper UNS No. C10200, C10300, C10800,
C12000, or C12200 and shall be of such soundness as to be
suitable for processing into the tubular products described.

6.2 Manufacture:
6.2.1 The tube shall be manufactured by such hot- or

cold-working processes as to produce a homogeneous uniform
wrought structure in the finished product. The tube shall be
cold drawn to the finished size and wall thickness and shall be
bright annealed to meet the specified temper.

7. Chemical Composition

7.1 The material shall conform to the requirements pre-
scribed in Table 1 for the specified copper.

7.2 These specification limits do not preclude the presence
of other elements. It is not prohibited to establish limits for
unnamed elements and to require analysis by agreement
between the manufacturer or supplier and the purchaser.

8. Temper

8.1 The tube shall be furnished in either of two annealed
tempers as follows:

Annealed (O) Temper Designation

O50 (Light annealed)
O60 (Soft annealed)

8.1.1 Tempers are defined in Classification B 601.

9. Grain Size

9.1 Tube in the tempers O50 (light annealed) and O60 (soft
annealed) shall conform to the requirements of Table 2.

10. Mechanical Property Requirements

10.1 Tensile Strength:
10.1.1 The tube shall have a minimum tensile strength of 30

ksi when tested in accordance with Test Methods E 8.
10.2 Elongation:
10.2.1 The tensile elongation of the tube shall be a mini-

mum 40 % (2-in. gage length) when tested in accordance with
Test Methods E 8.

11. Performance Requirements

11.1 Expansion Test:
11.1.1 When specified in the contract or purchase order, the

outside diameter of the tube furnished shall be capable of being
expanded as follows when tested in accordance with Test
Method B 153.

Outside Diameter, in. Expansion, %

3⁄4 and under 40
over 3⁄4 30

11.1.1.1 The expanded tube shall show no cracks or ruptures
seen through visual inspection without the use of special
equipment or enhancement excepting the use of corrective
lenses.

11.1.2 A flattening test is an optional alternative to the
expansion test for annealed tube over 4 in. in diameter.

11.2 Flattening Test:
11.2.1 When specified in the contract or purchase order, the

tube shall be capable of being flattened in accordance with the

TABLE 1 Chemical Composition

Element
Composition, %
Copper UNS No.

C10200A C10300 C10800 C12000 C12200
Copper,B min 99.95 ... ... 99.90 99.9
CopperB + phosphorus, min ... 99.95 99.95 ... ...
Phosphorus ... 0.001–0.005 0.005–0.012 0.004–0.012 0.015–0.040

A Oxygen in C10200 shall be 10 ppm max.
B Silver counting as copper.
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method described in 21.2.6.1 and shall contain no cracks or
flaws visible to the unaided eye in the flattened section.

12. Microscopical Examination

12.1 Samples of Copper UNS Nos. C10200, C10300, and
C12000 shall be free of cuprous oxide as determined by
Procedure A of Test Methods B 577. When Copper UNS Nos.
C10800 or C12200 are supplied, examination is not required.
In case of a dispute, a referee method shall be used in
accordance with Procedure C of Test Methods B 577.

13. Hydrogen Embrittlement

13.1 Samples of Copper UNS Nos. C10200, C12000, and
C12200 shall be capable of passing the embrittlement test of
Procedure B of Test Methods B 577. The actual performance of
this test is not mandatory under the terms of this specification
unless definitely specified in the ordering information. In case
of a dispute, a referee method shall be used in accordance with
Procedure C of Test Methods B 577.

14. Nondestructive Testing

14.1 Upon agreement between the manufacturer and the
purchaser, each tube up to 31⁄8 in. in outside diameter shall be
subjected to electromagnetic (eddy-current) test. For this test,
the tube shall be examined in the final drawn or annealed
temper, before coiling or in straight lengths before final anneal.

14.2 Electromagnetic (Eddy-Current) Test:
14.2.1 When examined in accordance with Practice E 243,

tubes that do not actuate the signaling device of the testing unit
shall be considered as conforming to the requirements of the
test.

15. Purchases for U.S. Government Agencies

15.1 When the contract or purchase order stipulates the
purchase is for an agency of the U.S. Government, the tubes
furnished shall conform to the conditions specified in the
Supplementary Requirements of Specification B 251.

16. Dimensions and Permissible Variations

16.1 The dimensions and tolerances for product covered by
this specification shall be as specified in the following tables
and related paragraphs of Specification B 251:

16.1.1 Wall Thickness Tolerance—Table 1.
16.1.2 Diameter Tolerances—Table 3.
16.1.3 Length Tolerances—Tables 5 and 6.
16.1.4 Squareness of Cut—Refer to Squareness of Cut

section.
16.2 Coils, Length Tolerances—Refer to Table 2, Table 3,

Table 4, and Table 5 of this specification.

17. Workmanship, Finish, and Appearance

17.1 Workmanship:

17.1.1 The tube furnished shall be clean, free of dirt, scale,
and other defects, but blemishes of a nature that do not
interfere with the intended application are acceptable.

17.1.2 The tube shall be bright annealed after the last
drawing operation or, when required, after coiling.

17.2 Finish and Appearance:
17.2.1 The interior and exterior surfaces of the tube shall be

typical in appearance to that of bright annealed copper.

18. Sampling

18.1 The lot size, portion size, and selection of sample
portions shall be as follows:

18.1.1 Lot Size—The lot size shall be 10 000 lb or fraction
thereof.

18.1.2 Portion Size—Sample portions shall be selected as to
be representative of the lot according to the following sched-
ule:

Number of Pieces in Lot
Number of Sample Portions to Be

TakenA

1 to 50 1
51 to 200 2

201 to 1500 3
Over 1500 0.2 % of the total number of pieces in

the lot, but not to exceed 10 pieces
_______________

AEach sample portion shall be taken from a separate tube.

18.1.2.1 In case of tube furnished in coils, a length sufficient
for all necessary tests shall be cut from each coil selected for
testing. The remaining portion of the selected coils shall be
included in the shipment and the permissible variation in length
on such coils shall be waived.

18.2 Chemical Composition:

TABLE 2 Average Grain Size Requirements

Temper Grain Size, mm
O50 0.015 to 0.040
O60 0.040, min

TABLE 3 Coil Length Tolerances (Specific Lengths)

Tube Outside Diameter, in.
Tolerances, in., All Plus, for Nominal

Lengths in Feet
Up to 50, incl Over 50 to 100, incl

Up to 2, incl 12 24

TABLE 4 Coil Length Tolerances (Mill Lengths)
(Applicable only full-length pieces)

Tube Outside
Diameter, in.

Tolerances, %, for Nominal Lengths in Feet
Up to 100, incl Over 100 to 2000, incl

Up to 1, incl 5A or 2 ft, whichever is
greater

10A

Over 1 to 2, incl 5A or 2 ft, whichever is
greater

No tolerances
established

A Expressed to the nearest 1 ft.

TABLE 5 Coil Schedule of Mill Lengths with Ends

Tube Outside
Diameter, in.

Nominal
Length, ft

Shortest
Permissible

Length, % of
Nominal Length

Maximum Permis-
sible Weights of
Ends, % of Lot

Weight

Up to 1, incl up to 100, incl 70A 10
Over 1, to 2, incl up to 100, incl 60A 20
Up to 1, incl over 100 to

2000, incl
50 50B

A Expressed to the nearest 1 ft.
B Short pieces shall, at the option of the supplier, be included as follows: up to

10 % of lot weight between 50 ft and one quarter of full length and up to 40 %
between one quarter and full length.
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18.2.1 The composite sample shall be prepared from ap-
proximate equal weights taken from the sample portions and
prepared in accordance with Practice E 255. The minimum
weight of the composite sample shall be 150 g.

18.2.2 The manufacturer shall have the option of sampling
at the time castings are poured or from the semifinished
product. When composition has been determined during the
manufacturing process, sampling of the finished product is not
required.

18.2.3 When sampled at the time castings are poured, at
least two samples shall be taken, one after the start and one
near the end of the pour, for each group of castings poured
simultaneously from the same source of molten metal.

18.2.4 When samples are taken from the semifinished prod-
uct, a sample shall be taken to represent each 10 000 lb or
fraction thereof, except that not more than one sample per
piece shall be required.

19. Number of Tests and Retests

19.1 Tests:
19.1.1 Chemical Composition—Shall be determined as the

arithmetic mean of results from at least two replicate determi-
nations for each specified element.

19.1.2 Tensile, Elongation, and Grain Size—Shall be re-
ported as the average of results from test specimens and each
specimen must conform to specification requirements.

19.1.3 Other Tests—At least two specimens shall be pre-
pared for each of the other tests and each must meet test
requirements.

19.2 Retest:
19.2.1 When test results obtained by the purchaser fail to

conform with the product specification requirement(s), the
manufacturer or supplier shall have the option to perform a
retest.

19.2.2 Retesting shall be as directed in this specification for
the initial test except for the number of test specimens which
shall be twice that normally required for the test.

19.2.3 Test results for all specimens shall conform to the
requirement(s) of this specification in retest and failure to
comply shall be cause for lot rejection.

20. Specimen Preparation

20.1 Chemical Composition:
20.1.1 Preparation of the analytical specimens for the deter-

mination of chemical composition shall be the responsibility of
the reporting laboratory.

20.2 Grain Size, Microscopical Examination, and Hydrogen
Embrittlement:

20.2.1 Test specimens shall be prepared in accordance with
Guide E 3.

20.2.1.1 The surface of the specimen shall approximate a
radial longitudinal section of the tube.

20.3 Tensile and Elongation Test:
20.3.1 The test specimens shall be of the full section of the

tube and shall conform to the requirements specified in the
section ’Specimens for Pipe and Tube’ in Test Methods E 8,
unless the limitations of the testing machine precludes the use
of such specimens.

20.3.2 Test specimens conforming to Specimen No. 1 in
Fig. 13, of Test Methods E 8 are acceptable for use when a
full-section specimen cannot be used.

20.4 Expansion (Pin) Test:
20.4.1 Test specimens shall be prepared in accordance with

Test Method B 153.
20.5 Flattening Test:
20.5.1 Test specimens, 4 in. in length, shall be cut from one

end of two lengths of tube. No special preparation is required.

21. Test Methods

21.1 Chemical Analysis:
21.1.1 In case of disagreement, chemical composition shall

be determined as follows:
Element Test Method

Copper E 53
Phosphorus E 62

21.1.2 Test method(s) for the determination of element(s)
required by contractual or purchase order agreement shall be as
agreed upon between the manufacturer or supplier and the
purchaser.

21.2 The tubes furnished shall conform with the physical
and mechanical properties and all other requirements of this
specification when tested or examined in accordance with the
following appropriate test method or practice:

Test Test Method or Practice

Grain size E 112
Tensile E 8
Elongation E 8
Expansion (pin test) B 153
Microscopical examination B 577

Procedure A
Hydrogen embrittlement B 577

Procedure B
Flattening test Section 21.2.6
Electromagnetic (eddy-current) examination E 243

21.2.1 Grain Size—In case of dispute, grain size shall be
determined by the intercept method.

21.2.2 Tensile Strength—In case of dispute, tensile strength
shall be determined in accordance with Test Methods E 8.

21.2.3 Microscopical Examination:
21.2.3.1 Procedure A shall be followed; however, in case of

dispute, Procedure C of Test Methods B 577 shall be followed.
21.2.4 Hydrogen Embrittlement:
21.2.4.1 Procedure B shall be followed; however, in case of

dispute, Procedure C of Test Methods B 577 shall be followed.
21.2.5 Electromagnetic (Eddy-Current) Test—Each tube up

to and including 31⁄8 in. in outside diameter shall be subjected
to an eddy-current test. Testing shall follow the procedures in
Practice E 243. Tubes shall be passed through an eddy-current
test unit adjusted to provide information on the suitability of
the tube for the intended application.

21.2.5.1 Either notch depth or drilled hole standards shall be
used.

(a) Notch depth standards, rounded to the nearest 0.001 in.
shall be 22 % of the wall thickness. The notch depth tolerance
shall be60.0005 in.
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(b) Drilled holes shall be drilled radially through the wall
using a suitable drill jig that has a bushing to guide the drill,
care being taken to avoid distortion of the tube while drilling.
The diameter of the drilled hole shall be in accordance with the
following and shall not vary by more than +0.001, −0.000 in.
of the hole diameter specified.

Tube Outside Diameter, in.
Diameter of Drilled

Holes, in. Drill Number

1⁄4 to 3⁄4, incl 0.025 72
Over 3⁄4 to 1, incl 0.031 68
Over 1 to 11⁄4, incl 0.036 64
Over 11⁄4 to 11⁄2, incl 0.042 58
Over 11⁄2 to 13⁄4, incl 0.046 56
Over 13⁄4 to 2, incl 0.052 55

21.2.5.2 Alternatively, at the option of the manufacturer,
using speed insensitive eddy-current units that are equipped to
select a fraction of the maximum imbalance signal, the
following maximum imbalance signals shall be used:

Standard Tube Size, in. Maximum Percent
Imbalance Signal Magnitude

Up to 3⁄8, incl 0.2
1⁄2 to 2, incl 0.3
Over 2 to 3, incl 0.4

21.2.5.3 Tubes that do not activate the signalling device of
the eddy-current tester shall be considered as conforming to the
requirements of this test. Tubes with discontinuities indicated
by the testing unit shall, at the option of the manufacturer, be
reexamined or retested to determine whether the discontinuity
is cause for rejection. Signals that are found to have been
caused by minor mechanical damage, soil, or moisture, shall
not be cause for rejection of the tubes provided the tube
dimensions are still within prescribed limits and the tube is
suitable for its intended application.

21.2.6 Flattening Test:
21.2.6.1 The specimen shall be slowly flattened by a press

so a gage set at three times the tube wall thickness shall pass
freely over the flattened section of the tube.

22. Keywords

22.1 bright annealed; copper tube; seamless tube

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 68 – 99)
that may impact the use of this standard.

(1) Sections 3.1.1, 3.2.1, 17.1.1, and 20.3.2 were modified to
replace nonmandatory language with mandatory language.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 75 – 02

Standard Specification for
Seamless Copper Tube 1

This standard is issued under the fixed designation B 75; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification2 establishes the requirements for
seamless round, rectangular, and square copper tube suitable
for general engineering applications.

1.1.1 Tubes made from any of the following Copper UNS
No. designations shall be supplied unless otherwise specified in
the contract or purchase order:

Copper UNS No. Type of Copper

C10100 Oxygen-free electronic
C10200 Oxygen-free without residual deoxidants
C10300 Oxygen-free, extra low phosphorus
C10800 Oxygen-free, low phosphorus
C12000 Phosphorus deoxidized, low residual phosphorus
C12200 Phosphorus deoxidized, high residual phosphorus

1.2 The values stated in inch-pound units are the standard
except for grain size values which are given in SI units.

1.3 This specification is the companion to SI Specification
B 75M; therefore no SI equivalents are presented in this
specification.

1.4 The following hazard statement pertains only to the test
method described in Sections 20.5.2.1, 21.2.9, and 21.2.10 of
this specification:This standard does not purport to address all
of the safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 75M Specification for Seamless Copper Tube [Metric]3

B 153 Test Method for Expansion (Pin Test) of Copper and
Copper-Alloy Pipe and Tubing3

B 170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes3

B 193 Test Method for Resistivity of Electrical Conductor
Materials4

B 251 Specification for General Requirements for Wrought
Seamless Copper and Copper-Alloy Tube3

B 577 Test Methods for Detection of Cuprous Oxide (Hy-
drogen Embrittlement Susceptibility) in Copper3

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast3

E 3 Guide for Preparation of Metallographic Specimens5

E 8 Test Methods for Tension Testing of Metallic Materials5

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials5

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry6

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)6

E 112 Test Methods for Determining the Average Grain
Size5

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes7

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition6

E 527 Practice for Numbering Metals and Alloys (UNS)8

3. Terminology, Specific

3.1 Definitions of Terms Specific to This Standard:
3.1.1 capable of—the test need not be performed by the

producer of the material. However, if subsequent testing by the
purchaser establishes that the material does not meet these
requirements, the material shall be subject to rejection.

3.1.2 unaided eye, n—visual inspection without the use of
special equipment or enhancement excepting the use of cor-
rective lenses.

4. Ordering Information

4.1 Include the following information in orders for prod-
ucts.1 This specification is under the jurisdiction of ASTM Committee B05 on Copper

and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 75 – 28T. Last previous edition B 75 – 99.

2 For ASME Boiler and Pressure Vessel Codeapplications refer to related
Specification SB-75 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vol 02.03.
5 Annual Book of ASTM Standards, Vol 03.01.
6 Annual Book of ASTM Standards, Vol 03.06.
7 Annual Book of ASTM Standards, Vol 03.03.
8 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



4.1.1 ASTM designation and year of issue (for example,
B 75 – 99),

4.1.2 Copper UNS No. (for example, C10100),
4.1.3 Temper (Section 7),
4.1.4 Dimensions; diameter or distance between parallel

surfaces, and wall thickness (Section 16),
4.1.5 How furnished; coils or straight lengths,
4.1.6 Number of pieces or footage; each size and type,
4.1.7 Total weight,
4.1.8 When product is purchased for ASME Boiler and

Pressure Vessel Code application, and
4.1.9 When product is purchased for agencies of the U.S.

Government.
4.2 The following options are available and shall be speci-

fied at the time of placing the order, when required:
4.2.1 Electrical mass resistivity test,
4.2.2 Hydrogen embrittlement test,
4.2.3 Hydrostatic test,
4.2.4 Pneumatic test,
4.2.5 Certification, and
4.2.6 Test report.

5. Material and Manufacture

5.1 Material—The material of manufacture shall be billets,
bars, or tube of Copper UNS9 No. C10100, C10200, C10300,
C10800, C12000, or C12200, and shall be of such soundness as
to be suitable for processing into the tubular products de-
scribed.

5.2 Manufacture—The tube shall be manufactured by such
hot- and cold-working processes as to produce a homogeneous,
uniform wrought structure in the finished product. It shall be
cold drawn to the finished size and wall thickness. When
cold-drawn temper is required, the final drawing operation
shall be such as to meet the specified temper. When annealed
temper is required, the tube shall be annealed subsequent to the
final cold draw.

6. Chemical Composition

6.1 The material shall conform to the requirements in Table
1 for the specified Copper UNS No. designation.

6.1.1 These specification limits do not preclude the presence
of other elements. When included in the contract or purchase
order, and agreed upon by the manufacturer or supplier and the
purchaser, limits shall be established and analysis required for
unnamed elements.

7. Temper

7.1 The requirements and size availability of tube in the
cold-drawn tempers H55, H58, and H80, as defined in Classi-
fication B 601, are specified in Table 2.

7.1.1 Rectangular, including square, tube shall normally be
supplied only in H58 temper. When requested by the manu-
facturer or supplier, and upon agreement with the purchaser,
tube shall be supplied in H55 or H58 temper.

7.1.1.1 For any combination of diameter and wall thickness
not listed under H80 temper, the requirements specified for
H58 temper shall apply.

7.2 The requirements and size availability of tube in the
annealed tempers O50 and O60, as defined in Classification
B 601, are specified in Table 2.

NOTE 1—The purchaser shall confer with the manufacturer or supplier
for the availability of product in a specific temper.

NOTE 2—Refer to Appendix X1 for recommended applications based
on temper.

8. Grain Size Requirements

8.1 Tube in the annealed temper shall conform to the grain
size specified in Table 2.

9. Physical Property Requirements

9.1 Electrical Resistivity—When specified in the contract or
purchase order, tube ordered for electrical conductor applica-
tion produced from Copper UNS No. C10100, C10200,
C10300, or C12000 shall have an electrical mass resistivity,
V·g/m2, not to exceed the following limit for the specified
copper and temper when tested in accordance with Test
Method B 193:

Temper
Copper UNS No.

C10100 C10200 C10300 C12000

O60, O50 0.151 76 0.153 28 0.156 14 0.170 31
H55, H58, H80 0.156 14 0.157 37 0.159 40 0.174 18

NOTE 3—Refer to Appendix X2 for the International Annealed Copper
Standard (IACS) electrical conductivity equivalents.

10. Mechanical Property Requirements

10.1 Tensile and Yield Strength:
10.1.1 The tube shall conform to the requirements of Table

2 for the specified temper and wall thickness.
10.1.2 For any combination of diameter and wall thickness

not listed under H80, the requirements for H58 shall apply.
10.2 Rockwell Hardness:
10.2.1 The tube shall conform to the requirements of Table

2 for the specified temper and wall thickness.
10.2.1.1 The Rockwell Hardness values for tube in the H55,9 Refer to Practice E 527 for explanation of unified numbering system (UNS).

TABLE 1 Chemical Requirements

Element
Composition, %
Copper UNS No.

C10100A C10200B C10300 C10800 C12000 C12200 C14200
CopperC, min 99.99 99.95 ... ... 99.90 99.9 99.40
CopperC +

phosphorus, min
... ... 99.95 99.95 ... ... ...

Phosphorus
Arsenic

...

...
...
...

0.001–0.005
...

0.005–0.012
...

0.004–0.012
...

0.015–0.040
...

0.015–0.040
0.15–0.50

A Refer to Table 1, Chemical Requirements, Grade 1, of Specification B 170 for impurity limits for Copper UNS No. C10100.
B Refer to Table 1, Chemical Requirements, Grade 2, of Specification B 170 for impurity limits for Copper UNS No. C10200.
C Copper (including silver).
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H58, and H80 temper shall apply only to the following:
(a) Tubes having a wall thickness of 0.020 in. and over,
(b) Round tubes having an inside diameter of5⁄16 in. and

over,
(c) Rectangular and square tubes having major distances

between parallel surfaces of3⁄16 in. and over.
10.2.1.2 The Rockwell Hardness values for tube in the O60

and O50 temper shall apply only to the following:
(a) Tubes having a wall thickness of 0.015 in. and over;
(b) Round tubes having an inside diameter of5⁄16 in. and

over;
(c) Rectangular and square tubes having inside major dis-

tances between parallel surfaces of3⁄16 in. and over.
10.3 Straightening—It shall not be prohibited to use light

straightening for tube in the O60 and O50 temper.

11. Performance Requirements

11.1 Expansion Test for Round Tube—When specified in the
contract or purchase order, annealed tubes shall be capable of
withstanding an expansion of the outside diameter of 40 % for
tube 3⁄4 in. and under and 30 % for tube over3⁄4 in. The tube
shall show no cracking or rupture visible to the unaided eye.

12. Microscopical Examination

12.1 Tubes furnished in Copper UNS No. C10100, C10200,
C10300, and C12000 shall be essentially free of cuprous oxide
as determined by Procedure A of Test Methods B 577.

13. Hydrogen Embrittlement

13.1 When specified in the contract or purchase order, tubes
produced in all designated copper material shall be capable of
conforming to the requirements of Procedure B of Test
Methods B 577.

14. Purchases for U.S. Government Agencies

14.1 When the contract or purchase order stipulates the
purchase is for an agency of the U.S. Government, the tubes
furnished shall conform to the conditions specified in the
Supplementary Requirements of Specification B 251.

15. Nondestructive Test

15.1 The tubes shall be tested in the drawn tempers or as
drawn before the final-annealed temper unless otherwise
agreed upon between the manufacturer and the purchaser.

15.2 Electromagnetic (Eddy-Current) Test:
15.2.1 Each tube up to and including 31⁄8 in. in outside

diameter shall be subjected to test.
15.2.2 When tested in accordance with Practice E 243,

tubes which do not actuate the signaling device of the testing
unit shall be considered as conforming to the requirements of
the test.

15.3 Hydrostatic Pressure Test—When specified in the
contract or purchase order, each tube shall be capable of
withstanding an internal hydrostatic pressure sufficient to
produce a fiber stress of 6000 psi without leakage. The tube
need not be subjected to a pressure gage reading over 1000 psi
unless specifically stipulated in the contract or purchase order.

15.4 Pneumatic Pressure Test—When specified in the con-
tract or purchase order, each tube shall be capable of with-
standing an internal air pressure of 60 psi, minimum, for 5 s
without leakage.

16. Dimensions, Mass, and Permissible Variations

16.1 The dimensions and tolerances for product furnished to
this specification shall be as specified in the following tables
and related sections of the current edition of Specification
B 251:

TABLE 2 Mechanical Property Requirements of Drawn-Temper and Annealed-Temper Tube

Temper Designation
Outside Diameter,

or Major
Distance Between
Outside Parallel

Surfaces, in.

Wall Thickness, in.

Rockwell Hardness Average
Grain

Size, mm

Tensile Strength,
ksiA

Yield
Strength,B

min.,
ksiAStandard Former Scale Hardness

H55 light-drawnC all all 30TD 30 to 60 36–47 30

H58 drawn (general
purpose)

all all 30TD 30 min 36 min 30

H80 hard-drawnC up to 4 0.020 to 0.250, incl 30TD 55 min 45 min 40

O60 soft anneal all 0.015 to 0.035 15TE 60 max 0.040 min 30 min 9F

0.035 and over FE 50 max 0.040 min 30 min 9F

O50 light anneal all 0.015 to 0.035 15TE 65 max 0.040 max 30 min 9F

0.035 and over FE 55 max 0.040 max 30 min 9F

A ksi = 1000 psi.
B Yield strength to be determined at 0.5 % extension under load.
C Light-drawn and hard-drawn tempers are normally available in round tubes only.
D Rockwell hardness values shall apply only to tubes having a wall thickness of 0.020 in. or over, to round tubes having an inside diameter of 5⁄16 in. or over, and to

rectangular including square tubes having an inside major distance between parallel surfaces of 3⁄16 in. or over. Rockwell hardness tests shall be made on the inside surface
of the tube. When suitable equipment is not available for determining the specified Rockwell hardness, other Rockwell scales and values shall be specified subject to
agreement between purchaser and supplier.

E Rockwell hardness values shall apply only to tubes having a wall thickness of 0.015 in. or over, to round tubes having an inside diameter of 5⁄16 in. or over, and to
rectangular including square tubes having an inside major distance between parallel surfaces of 3⁄16 in. or over. For all other tube no Rockwell values shall apply. Rockwell
hardness tests shall be made on the inside surface of the tube. When suitable equipment is not available for determining the specified Rockwell hardness, other Rockwell
scales and values shall be specified subject to agreement between purchaser and supplier.

F Light-straightening operation is acceptable.
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16.1.1 Wall Thickness Tolerances—Refer to Tables 1 and 2.
16.1.2 Tolerances for Diameter or Distance Between Par-

allel Surfaces—Refer to Tables 3 and 4.
16.1.3 Length Tolerances—Refer to Tables 5 and 6.
16.1.4 Straightness Tolerance—Refer to Table 7.
16.1.5 Corner Radius for Rectangular Including Square

Tube—Refer to Table 8.
16.1.6 Roundness, Squareness of Cut and Twist Tolerances

for Rectangular and Square Tubes—Refer to titled sections.
16.2 Length Tolerances for Tube in Coils—Refer to Table 3,

Table 4, and Table 5 of this specification.

17. General Requirements

17.1 The following sections of Specification B 251 are a
part of this specification.

17.1.1 Terminology, General,
17.1.2 Material and Manufacture,
17.1.3 Workmanship, Finish, and Appearance,
17.1.4 Significance of Numerical Limits,
17.1.5 Inspection,
17.1.6 Rejection and Rehearing,
17.1.7 Certification,
17.1.8 Mill Test Reports,
17.1.9 Packaging and Package Marking, and
17.1.10 Supplementary Requirements.
17.2 In addition, when a section with an identical title to

those referenced in 17.1 appears in this specification, and is in
conflict with the section appearing in Specification B 251, the
section in this specification shall prevail.

18. Sampling

18.1 The lot size, portion size, and selection of sample
portions shall be as follows:

18.1.1 Lot Size—An inspection lot shall be 10 000 lbs or
fraction thereof,

18.1.2 Portion Size—Sample pieces shall be selected to be
represented of the lot as follows:

Number of Pieces in Lot Number of Portions to Be TakenA

1 to 50 1
51 to 200 2

201 to 1500 3

A Each test portion shall be taken from a separate tube.

18.2 Chemical Composition:
18.2.1 The composite sample shall be taken in approximate

equal weights from each portion piece selected in 18.1.2 and in
accordance with Practice E 255. The minimum weight of the
composite shall be 150 g.

18.2.2 The manufacturer shall have the option of sampling
at the time the castings are poured or taken from the semifin-
ished product. The number of samples taken during the course
of manufacture shall be as follows:

18.2.2.1 When sampled at the time castings are poured, at
least two samples shall be taken, one after the start and one
near the end of the pour, for each group of castings poured
simultaneously from the same source of molten metal.

18.2.2.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 lbs or
fraction thereof, except that not more than one sample per
piece shall be required.

18.2.2.3 When composition is determined during the course
of manufacture, sampling and analyses of the finished product
is not required.

18.3 Other Tests—Specimens for all other tests shall be
taken from two of the sample portions taken in 18.1.2. In the
event only one sample portion is taken, all specimens shall be
taken from the portion selected.

19. Number of Tests and Retests

19.1 Tests:
19.1.1 Chemical Composition—Chemical composition

shall be determined as the arithmetic mean of results from at
least two replicate determinations for each specified element.

19.1.2 Grain Size, Electrical Resistivity, Tensile and Yield
Strength, and Rockwell Hardness—These tests shall be re-
ported as the average of results from two test specimens and
each specimen shall conform to specification requirements.

19.1.3 Other Tests—At least two specimens shall be pre-
pared for each of the other tests and each shall conform to test
requirements.

19.2 Retests:
19.2.1 When test results obtained by the purchaser fail to

conform with the product specification requirement(s), the
manufacturer or supplier shall have the option to perform a
retest.

19.2.2 Retesting shall be as directed in this specification for
the initial test except for the number of test specimens which
shall be twice that normally required for the test.

19.2.3 Test results for all specimens shall conform to this
specification’s requirement(s) in retest and failure to conform
shall be cause for lot rejection.

20. Specimen Preparation

20.1 Chemical Analysis—Preparation of the analytical
specimens shall be the responsibility of the reporting labora-
tory.

20.2 Tensile and Yield Strength Test—The test specimens
shall be of the full section of the tube and shall conform with
the requirements of the Test Specimen section of Test Methods
E 8, unless the limitation of the testing machine precludes the
use of such specimen in which case test specimen conforming
to Type No. 1 of Fig. 13 in Test Methods E 8 shall be used.

20.3 Rockwell Hardness:
20.3.1 The test specimen shall be of a size and shape to

permit testing by the available test equipment.
20.3.2 The surface of the test specimen shall be sufficiently

flat and smooth so as to permit the accurate determination of
hardness.

20.3.3 The test specimen shall be free from scale and
foreign matter and care shall be taken to avoid any change in
condition, for example, heating or cold working.

TABLE 3 Coil Length Tolerances (Specific Lengths)

Outside Diameter or Major Distance
Between Parallel Surfaces, in.

Tolerances, in., All Plus, for
Nominal Lengths, ft

Up to 50, incl Over 50 to 100, incl
Up to 2, incl 12 24
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20.4 Grain Size—Test specimens shall be prepared in ac-
cordance with the appropriate procedure in Guide E 3.

20.5 Electrical Resistivity:
20.5.1 The test specimen shall be full size and shall be the

full cross section of the material it represents when possible.
20.5.2 When the test specimen is taken from material in

bulk, care shall be taken that the properties are not appreciably
altered in the preparation.

NOTE 4—Plastic deformation tends to work harden a material and raise
its resistivity, while heating tends to anneal the material with a subsequent
reduction in resistivity.

20.5.2.1 When necessary, products are to be rolled or cold
drawn to a wire approximately 0.080 in. in diameter (12-gage
AWG) and of a convenient length. At least two specimens of a
length sufficient to accommodate the testing equipment shall be
cut from one end of the wire and annealed at approximately
935 6 10°F for 30 min in an inert atmosphere and rapidly
cooled to ambient temperature without undue exposure to air.

20.6 Expansion (Pin) Test—Test specimens shall conform
to the requirements of the Specimen Preparation section of Test
Method B 153.

20.7 Microscopical Examination—The test specimen shall
be prepared in accordance with Procedure A of Test Methods
B 577 and the specimen surface shall approximate a radial
longitudinal section of round tube or a longitudinal section of
rectangular and square tube perpendicular to, and bisecting, the
major dimensional surface.

20.8 Hydrogen Embrittlement—The test specimen shall
conform to the appropriate requirements of Procedure B of Test
Methods B 577.

21. Test Methods

21.1 Chemical Composition—The copper composition shall
be determined, in case of disagreement, as follows:

Element Test Method

Copper E 53
Phosphorus E 62
Arsenic E 62

21.1.1 The test methods for the determination of composi-
tion for Coppers C10100 and C10200 shall be as described in
Annex of Specification B 170.

21.1.2 Test method(s) for the determination of element(s)
required by contractual or purchase order agreement shall be as
agreed upon between the manufacturer and the purchaser.

21.2 The tubes furnished shall conform with the physical
and mechanical properties and other requirements of this
specification when tested or examined in accordance with the
following appropriate test method or practice:

Test Test Method

Tensile strength E 8
Yield strength E 8
Rockwell Hardness E 18
Grain size E 112
Electrical resistivity B 193
Expansion (pin test) B 153
Electromagnetic examination (eddy current) E 243
Microscopical examination B 577

Procedure A
Hydrogen embrittlement B 577

Procedure B
Hydrostatic pressure B 75, 21.2.9
Pneumatic pressure B 75, 21.2.10

21.2.1 Tensile strength shall be determined in accordance
with Test Methods E 8.

21.2.1.1 Whenever test results are obtained from both full-
size and machined specimens and they differ, the test results
from the full-size specimens shall prevail.

21.2.2 Yield strength shall be determined at 0.5 % extension
under load.

21.2.3 Rockwell hardness shall be determined on the inside
surface of the tube and a minimum of three readings shall be
taken on each specimen, each at a different location.

21.2.3.1 When suitable equipment is not available for de-
termining the specified Rockwell hardness, other Rockwell
scales and values shall be specified by agreement between the
manufacturer and the purchaser.

21.2.4 Grain size shall be determined, in case of dispute, by
the intercept method.

21.2.5 Electrical Resistivity—The limit of measurement
uncertainty shall be60.30 % as a process control method and
60.15 % as an umpire method.

21.2.6 Microscopical Examination—Cuprous oxide content
shall be determined in accordance with Procedure A, or, in case
of dispute, Procedure C, Closed Bend Test, of Test Methods

TABLE 4 Coil Length Tolerances (Mill Lengths)
(Applicable Only to Full-Length Pieces)

Tube Outside Diameter or Major Distance
Between Parallel Surfaces, in.

Tolerances, %, for Nominal Lengths, ft
Up to 100, incl Over 100 to 2000, incl

Up to 1, incl
Over 1 to 2, incl

5A or 2 ft, whichever is greater
5A or 2 ft, whichever is greater

10A

no tolerances established
A Expressed to the nearest 1 ft.

TABLE 5 Coil Schedule of Mill Lengths with Ends

Tube Outside Diameter or Major Distance
Between Parallel Surfaces, in.

Nominal Length, ft
Shortest Permissible

Length, % of
Nominal Length

Maximum Permissible Weights of
Ends, % of Lot Weight

Up to 1, incl up to 100, incl 70A 10
Over 1 to 2, incl up to 100, incl 60A 20
Up to 1, incl over 100 to 2000, incl 50 50B

A Expressed to the nearest 1 ft.
B Short pieces of lengths between 50 ft and one-quarter of full length shall not exceed 10 % of lot weight. Short pieces of lengths between one-quarter of a full length

and full length shall not exceed 40 % of lot weight.
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B 577 shall be followed.
21.2.7 Hydrogen Embrittlement—Procedure B shall be fol-

lowed, or, in case of dispute, Procedure C, Closed Bend Test,
of Test Methods B 577 shall be followed.

21.2.8 Electromagnetic (Eddy-Current) Test—Each tube up
to and including 31⁄8 in. in outside diameter shall be subjected
to an eddy-current test. Testing shall follow the procedures in
Practice E 243. Tubes shall be passed through an eddy-current
test unit adjusted to provide information on the suitability of
the tube for the intended application.

21.2.8.1 Either notch depth or drilled hole standards shall be
used.

(a) Notch depth standards, rounded to the nearest 0.001 in.
shall be 22 % of the wall thickness. The notch depth tolerance
shall be60.0005 in.

(b) Drilled holes shall be drilled radially through the wall
using a suitable drill jig that has a bushing to guide the drill,
care being taken to avoid distortion of the tube while drilling.
The diameter of the drilled hole shall be in accordance with the
following and shall not vary by more than +0.001, −0.000 in.
of the hole diameter specified.

Tube Outside Diameter,
in.

Diameter of Drilled
Holes,

in.

Drill
Number

1⁄4 to 3⁄4, incl 0.025 72
Over 3⁄4 to 1, incl 0.031 68
Over 1 to 11⁄4, incl 0.036 64
Over 11⁄4 to 11⁄2, incl 0.042 58
Over 11⁄2 to 13⁄4, incl 0.046 56
Over 13⁄4 to 2, incl 0.052 55

21.2.8.2 Alternatively, at the option of the manufacturer,
using speed-insensitive eddy-current units that are equipped to
select a fraction of the maximum imbalance signal, the
following percent maximum imbalance signals shall be used:
Standard Tube Size, in. Maximum Percent Imbalance

Signal Magnitude

Up to 3⁄8, incl 0.2
1⁄2 to 2, incl 0.3
Over 2 to 3, incl 0.4

21.2.8.3 Tubes that do not activate the signalling device of
the eddy-current tester shall be considered as conforming to the
requirements of this test. Tubes with discontinuities indicated
by the testing unit are not prohibited, at the option of the
manufacturer, from being reexamined or retested to determine
whether the discontinuity is cause for rejection. Signals that are
found to have been caused by minor mechanical damage, soil
or moisture, shall not be cause for rejection of the tubes
provided the tube dimensions are still within prescribed limits
and the tube is suitable for its intended application.

21.2.9 Hydrostatic Test—The internal hydrostatic pressure
necessary to produce the required fiber stress shall be deter-
mined by the following equation for thin hollow cylinders
under tension.

P 5 2St/~D 2 0.8t! (1)

where:
P = hydrostatic pressure, psi (or MPa);
t = thickness of tube wall, in. (or mm);
D = outside diameter of tube, in. (or mm); and
S = allowable fiber stress of the material, psi (MPa).

21.2.9.1 The tube need not be tested at a pressure gage
reading over 1000 psi unless so specified.

21.2.10 Pneumatic Test—The test method shall permit easy
visual detection of leakage, such as having the material under
water or by the pressure differential method.

22. Certification

22.1 Certification is mandatory when product is ordered for
ASME Boiler and Pressure Vessel Code applications.

23. Keywords

23.1 seamless copper tube; seamless tube; tube

APPENDIXES

(Nonmandatory Information)

X1. RECOMMENDED APPLICATIONS

X1.1 Tube in the H55 temper is recommended when a tube
of some stiffness is required yet capable of being bent when
necessary.

X1.2 Tube in the H58 temper is recommended for general
applications in which there is no specific need for high strength
or bending qualities.

X1.3 Tube in the H80 temper is recommended for appli-
cations in which there is a need for a tube as strong as
technically feasible for the size indicated.
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X2. INTERNATIONAL ANNEALED COPPER STANDARD (ELECTRICAL CONDUCTIVITY EQUIVALENTS)

Electrical Resistivity, V·g/m2 Conductivity, %

0.151 76 101.00
0.153 28 100.00
0.156 14 98.16
0.157 37 97.40

Electrical Resistivity, V·g/m2 Conductivity, %

0.159 40 96.16
0.170 31 90
0.174 18 88

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 75 – 99)
that may impact the use of this standard.

(1) Section 3.1.1, Table 2, footnote F, and Table 5, footnote B,
were modified to replace nonmandatory language with manda-
tory language.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 88 – 03

Standard Specification for
Seamless Copper Water Tube 1

This standard is issued under the fixed designation B 88; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification covers seamless copper water tube
suitable for general plumbing, similar applications for the
conveyance of fluids, and commonly used with solder, flared,
or compression-type fittings. The type of copper water tube
suitable for any particular application is determined by the
internal or external fluid pressure, by the installation and
service conditions, and by local requirements. Means of joining
or bending are also factors which affect the selection of the
type of tube to be used.2

NOTE 1—Annealed tube is suitable for use with flared or compression
fittings, and with solder-type fittings, provided rounding and sizing of the
tube ends is performed where needed.

NOTE 2—Drawn temper tube is suitable for use with solder-type
fittings. Types K and L tube, in the drawn temper, are suitable for use with
certain types and sizes of compression fittings.

NOTE 3—A complete metric companion to Specification B 88 has been
developed—B 88M; therefore, no metric equivalents are presented in this
specification.

NOTE 4—Fittings used for soldered or brazed connections in plumbing
systems are described in ASME B16.18 and ASME B16.22.

1.2 The tube shall be produced from the following coppers,
and the manufacturer has the option to supply any one of them,
unless otherwise specified.

Copper
UNS No.

Previously Used
Designation

Description

C10200 OF Oxygen free without
residual deoxidants

C12000 DLP Phosphorus deoxidized,
low residual phosphorus

C12200 DHP Phosphorus deoxidized,
high residual phosphorus

1.3 The assembly of copper plumbing or fire sprinkler
systems by soldering is described in Practice B 828.

1.4 Solders for joining copper potable water or fire sprinkler
systems are covered by Specification B 32. The requirements
for acceptable fluxes for these systems are covered by Speci-
fication B 813.

1.5 The following safety hazards caveat pertains only to the
test methods portion, Section 15, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:3

B 32 Specification for Solder Metal
B 88M Specification for Seamless Copper Water Tube

[Metric]
B 153 Test Method for Expansion (Pin Test) of Copper and

Copper-Alloy Pipe and Tubing
B 557 Test Methods for Detection of Cuprous Oxide (Hy-

drogen Embrittlement Susceptibility) in Copper
B 601 Classification for Temper Designations for Copper

and Copper Alloys—Wrought and Cast
B 813 Specification for Liquid and Paste Fluxes for Solder-

ing Applications of Copper and Copper Alloy Tube
B 828 Practice for Making Capillary Joints by Soldering of

Copper and Copper Alloy Tube and Fittings
E 2 Methods of Preparation of Micrographs of Metals and

Alloys
E 3 Guide for Preparation of Metallographic Specimens
E 8 Test Methods for Tension Testing of Metallic Materials
E 18 Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 1, 2003. Published November 2003. Originally
approved in 1932. Last previous edition approved in 2002 as B 88 – 02.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix is permitted to be used to accommodate
composition variations of the base alloy.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



Determine Conformance with Specifications
E 53 Test Methods for Determination of Copper in Unal-

loyed Copper by Gravimetry
E 62 Test Methods for Chemical Analysis of Copper and

Copper Alloys (Photometric Methods)
E 112 Test Methods for Determining the Average Grain

Size
E 243 Practice for Electromagnetic (Eddy-Current) Exami-

nation of Copper and Copper-Alloy Tubes
E 255 Practice for Sampling Copper and Copper Alloys for

the Determination of Chemical Composition
E 527 Practice for Numbering Metals and Alloys (UNS)
2.3 ASME Standards:
ASME B16.18 Cast Copper Alloy Solder Joint Pressure

Fittings4

ASME B16.22 Wrought Copper and Copper Alloy Solder
Joint Pressure Fittings4

3. Terminology

3.1 Definitions:
3.1.1 coil, n—a length of the product wound into a series of

connected turns. The unqualified term “coil” as applied to tube
usually refers to a bunched coil.

3.1.1.1 bunched, n—a coil in which the turns are bunched
and held together such that the cross section of the bunched
turns is approximately circular.

3.1.1.2 double layer flat, n—a coil in which the product is
spirally wound into two connected disk-like layers such that

one layer is on top of the other. (Sometimes called “double
layer pancake coil” or “double layer spirally wound coil.”)

3.1.1.3 level or traverse wound, n—a coil in which the turns
are wound into layers parallel to the axis of the coil such that
successive turns in a given layer are next to one another.
(Sometimes called “helical coil.”)

3.1.1.4 single layer flat, n—a coil in which the product is
spirally wound into a single disk-like layer. (Sometimes called
“pancake coil” or “single layer spirally wound coil.”)

3.1.2 lengths, n—straight pieces of the product.
3.1.2.1 standard, n—uniform lengths recommended in a

simplified practice recommendation or established as a com-
mercial standard.

3.1.3 tube, seamless, n—a tube produced with a continuous
periphery in all stages of the operations.

3.1.3.1 tube, copper service, n—a bendable copper water
tube for underground water service.

3.1.3.2 tube, copper water, n—a seamless copper tube
conforming to the particular dimensions commercially known
as Copper Water Tube and designated as Types K, L, and M.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 capable of—the test need not be performed by the

producer of the material. However, if subsequent testing by the
purchaser establishes that the material does not meet these
requirements, the material shall be subject to rejection.

4. Ordering Information

4.1 Include the following information for material ordered
under this specification.

4.1.1 ASTM designation and year of issue (for example,
B 88 – 03),4 Available from American Society of Mechanical Engineers (ASME), ASME

International Headquarters, Three Park Ave., New York, NY 10016-5990.

TABLE 1 Dimensions, Weights, and Tolerances in Diameter and Wall Thickness for Nominal or Standard Copper Water Tube Sizes
(All tolerances are plus and minus except as otherwise indicated)

Nominal or
Standard Size,

in.

Outside
Diameter,

in.

Average Outside
DiameterA Tolerance, in.

Wall Thickness and Tolerances, in.
Theoretical Weight, lb/ft

Type K Type L Type M

Annealed Drawn
Wall

Thickness
Toler-
anceB

Wall
Thickness

Toler-
anceB

Wall
Thickness

Toler-
anceB Type K Type L Type M

1⁄4 0.375 0.002 0.001 0.035 0.0035 0.030 0.003 C C 0.145 0.126 C

3⁄8 0.500 0.0025 0.001 0.049 0.005 0.035 0.004 0.025 0.002 0.269 0.198 0.145
1⁄2 0.625 0.0025 0.001 0.049 0.005 0.040 0.004 0.028 0.003 0.344 0.285 0.204
5⁄8 0.750 0.0025 0.001 0.049 0.005 0.042 0.004 C C 0.418 0.362 C

3⁄4 0.875 0.003 0.001 0.065 0.006 0.045 0.004 0.032 0.003 0.641 0.455 0.328
1 1.125 0.0035 0.0015 0.065 0.006 0.050 0.005 0.035 0.004 0.839 0.655 0.465
11⁄4 1.375 0.004 0.0015 0.065 0.006 0.055 0.006 0.042 0.004 1.04 0.884 0.682
11⁄2 1.625 0.0045 0.002 0.072 0.007 0.060 0.006 0.049 0.005 1.36 1.14 0.940
2 2.125 0.005 0.002 0.083 0.008 0.070 0.007 0.058 0.006 2.06 1.75 1.46
21⁄2 2.625 0.005 0.002 0.095 0.010 0.080 0.008 0.065 0.006 2.93 2.48 2.03
3 3.125 0.005 0.002 0.109 0.011 0.090 0.009 0.072 0.007 4.00 3.33 2.68
31⁄2 3.625 0.005 0.002 0.120 0.012 0.100 0.010 0.083 0.008 5.12 4.29 3.58
4 4.125 0.005 0.002 0.134 0.013 0.110 0.011 0.095 0.010 6.51 5.38 4.66
5 5.125 0.005 0.002 0.160 0.016 0.125 0.012 0.109 0.011 9.67 7.61 6.66
6 6.125 0.005 0.002 0.192 0.019 0.140 0.014 0.122 0.012 13.9 10.2 8.92
8 8.125 0.006 + 0.002 0.271 0.027 0.200 0.020 0.170 0.017 25.9 19.3 16.5

−0.004
10 10.125 0.008 + 0.002 0.338 0.034 0.250 0.025 0.212 0.021 40.3 30.1 25.6

−0.006
12 12.125 0.008 + 0.002 0.405 0.040 0.280 0.028 0.254 0.025 57.8 40.4 36.7

−0.006
A The average outside diameter of a tube is the average of the maximum and minimum outside diameter, as determined at any one cross section of the tube.
B Maximum deviation at any one point.
C Indicates that the material is not generally available or that no tolerance has been established.
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4.1.2 Copper UNS No. (not necessary unless a specific
copper is desired),

4.1.3 Nominal or standard size (Column 1 of Table 1) and
whether Type K, L, or M (Sections 3 and 11),

4.1.4 Temper (Sections 5 and 7),
4.1.5 Length (see 11.5),
4.1.6 How furnished: straight or coils, and
4.1.7 Quantity (pieces) of each size and type.
4.1.8 In addition, when material is purchased for agencies of

the U.S. Government, it shall conform to the Supplementary
Requirements as defined herein when specified in the contract
or purchase order.

4.2 The following options are available and shall be speci-
fied in the contract or purchase order when required:

4.2.1 Tension test (Section 8),
4.2.2 Grain size determination (Section 8),
4.2.3 Expansion test (9.1), and
4.2.4 Microscopical Examination for Hydrogen Embrittle-

ment, Procedure B (9.3.2).

5. Materials and Manufacture

5.1 The material shall be of such quality and purity that the
finished product shall have the properties and characteristics
prescribed in this specification, and shall be cold drawn to size.

5.2 The tube shall be finished by such cold-working and
annealing operations as are necessary to produce the required
temper and surface finish.

5.3 Tube when furnished in coils shall be annealed after
coiling.

5.4 Tube when furnished in straight lengths shall normally
be in the drawn temper. Upon agreement between the manu-
facturer or supplier and the purchaser, the manufacturer shall
have the option to supply annealed straight length tubing.

6. Chemical Composition

6.1 The material shall conform to the chemical requirements
in Table 2 for the specific type of copper.

6.2 These specification limits do not preclude the presence
of other elements. When included in the contract or purchase
order, and agreed upon by the manufacturer or supplier and the
purchaser, limits shall be established and analysis required for
unnamed elements.

7. Temper

7.1 Seamless copper water tube shall be furnished in the
tempers designated below. Current designations as defined in
Classification B 601 are shown.

Annealed—O
Drawn—H

8. Mechanical Properties

8.1 The tube shall conform to the mechanical property
requirements prescribed in Table 3. Tension tests and grainsize
determinations need not be made except when indicated by the
purchaser at the time of placing the order. A convenient method
of indicating that these tests are to be made is to state that “Test
Procedure ’T’ is required” (see 4.2.1). Where agreement on the
Rockwell hardness tests cannot be reached, the tensile strength
and grain-size requirements of Table 3 shall be the basis for
acceptance or rejection.

9. Performance Requirements

9.1 Expansion Test:
9.1.1 The annealed (O) tube shall be capable of being

expanded in accordance with Test Method B 153 with an
expansion of the outside diameter in the following amount:

Nominal or
Standard Size, in.

Expansion of
Outside Diameter, %

5⁄8 and under 40
Over 5⁄8 30

The expanded tube shall show no cracking or rupture visible
to the unaided eye.

9.2 Flattening Test:
9.2.1 As an alternative to the expansion test for tube

standard sizes 4 in. and over in the annealed condition, a
section 4 in. in length shall be cut from the end of one of the
lengths for a flattening test. This 4-in. test specimen shall be
flattened so that a gage set at three times the wall thickness will
pass over the tube freely throughout the flattened part. The tube
so tested shall develop no cracks or flaws visible to the unaided
eye as a result of this test. In making the flattening test the
elements shall be slowly flattened by one stroke of the press.

9.3 Microscopical Examination for Susceptibility to Hydro-
gen Embrittlement:

9.3.1 Tubes furnished in Copper UNS No. C10200 and
C12000 shall be essentially free of cuprous oxide as deter-
mined by Procedure A of Test Methods B 577. When Copper
UNS No. C12200 is supplied, examination is not required. In
case of a dispute, Procedure C of Test Methods B 577 shall be
used as the referee method.

9.3.2 Tubes furnished in all coppers shall be capable of
passing the embrittlement test specified in Procedure B of Test
Methods B 577. The actual performance of the test is not
required unless specifically requested in the ordering docu-
ment. In case of a dispute, Procedure C of Test Methods B 577
shall be used as the referee method.

10. Nondestructive Testing

10.1 Each tube up to and including 31⁄8 in. in outside
diameter shall be subjected to an eddy-current test. Testing
shall follow the procedures of Practice E 243, except for the
determination of “end effect.” Tubes shall be passed through an
eddy-current test unit adjusted to provide information on the
suitability of the tube for the intended application.

10.1.1 Notch-depth standards, rounded to the nearest 0.001
in., shall be 22 % of the wall thickness. The notch-depth
tolerance shall be plus and minus 0.0005 in. Alternatively, at

TABLE 2 Chemical Composition—Weight %

Element Copper UNS No.

C10200A C12000 C12200

Copper,B min 99.95 99.90 99.9
Phosphorus ... 0.004–0.012 0.015–0.040

A Oxygen shall be 10 ppm max.
B Copper + silver.
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the option of the manufacturer using speed insensitive eddy-
current units that are equipped to select a fraction of the
maximum unbalance signal, the following percent maximum
unbalance signals shall be used:

Nominal or Standard
Tube Size, in.

Unbalance Signal
Magnitude, max %

Up to 3⁄8 , incl 0.2
1⁄2 to 2, incl 0.3

Over 2 to 3, incl 0.4

10.1.2 Tubes that do not actuate the signalling device of the
eddy-current testers shall be considered as conforming to the
requirements of this test. Tubes with discontinuities indicated
by the testing unit shall, at the option of the manufacturer, be
reexamined or retested to determine whether the discontinuity
is cause for rejection. Signals that are found to have been
caused by minor mechanical damage, soil or moisture, shall not
be cause for rejection of the tubes provided the tube dimen-
sions are still within prescribed limits and the tube is suitable
for its intended application.

10.2 Tube made to this specification shall be capable of
withstanding the pressure test of 10.2.1 or 10.2.2. On subse-
quent testing by the purchaser, failure to meet the requirements
of 10.2.1 or 10.2.2 are grounds for rejection of the material by
the purchaser.

10.2.1 The tube shall stand, without showing evidence of
leakage, an internal hydrostatic pressure sufficient to subject
the material to a fiber stress of 6000 psi, calculated from the
following equation for thin hollow cylinders under tension:

P 5 2 St/~D 2 0.8t! (1)

where:
P = hydrostatic pressure, psi;
t = wall thickness, in.;
D = outside diameter of the tube, in.; and
S = allowable stress of the material, psi.

10.2.2 The tube shall stand an internal air pressure of 60
psig for 5 s without showing evidence of leakage. The test
method used shall permit easy visual detection of any leakage,
such as by having the tube under water or by the pressure
differential method.

11. Dimensions, Mass, and Permissible Variations

11.1 For the purpose of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the specified limiting values for any
dimensions shall make the tube subject to rejection at the
option of the puchaser.

11.2 Standard Dimensions, Wall Thickness, and Diameter
Tolerances—The standard dimensions, wall thickness, and
diameter tolerances shall be in accordance with Table 1.

11.3 Mass—For purposes of calculating weights, cross sec-
tions, and so forth, the density of the copper shall be taken as
0.323 lb/in.3. The theoretical weight per foot is given in Table
1.

11.4 Roundness—For drawn unannealed tube in straight
lengths, the roundness tolerance shall be as prescribed in Table
4. The deviation from roundness is measured as the difference
between major and minor diameters as determined at any one
cross section of the tube. No roundness tolerance has been
established for annealed tube in straight lengths or for tubes
furnished in coils.

11.5 Lengths and Tolerances:
11.5.1 Standard Lengths and Tolerances—The standard

lengths and tolerances shall be as specified in Table 5.
11.5.2 Tube supplied in other than standard lengths and

tolerances shall be in accordance with requirements established
by agreement between the manufacturer or supplier and the
purchaser.

11.6 Squareness of Cut—For tube in straight lengths, the
departure from squareness of the end of any tube shall not
exceed more than 0.010 in. for tube up to and including1⁄2-in.
standard size; and not more than 0.016 in./in. of outside
diameter for tube larger than1⁄2-in. standard size.

12. Workmanship, Finish, and Appearance

12.1 The material shall be clean, free of dirt and defects of
a nature that interfere with normal commercial applications.

13. Sampling

13.1 Sample pieces shall be selected for test purposes from
each lot of 5000 lbs or fraction thereof, of each size and type,
in accordance with the schedule of Table 6.

14. Number of Tests and Retests

14.1 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
millings, and so forth shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 13.1 and combined into one composite sample. The
minimum weight of the composite sample that is to be divided
into three equal parts shall be 150 g.

TABLE 3 Mechanical Property Requirements

Temper Designation
Form

Rockwell HardnessA Tensile
Strength,
min, ksiB

Average Grain
Size, mmStandard Former Scale Value

O60 annealed coils F 50 max 30 0.040 min
O50 annealed straight lengths F 55 max 30 0.025 min
H58 drawn drawn 30 T 30 min 36 ...

A Rockwell hardness tests shall be made on the inside surfaces of the tube. When suitable equipment is not available for determining the specified Rockwell hardness,
other Rockwell scales and values shall be specified subject to agreement between the purchaser and the supplier.

B ksi = 1000 psi.

TABLE 4 Roundness Tolerance

t/D (Ratio of Wall Thickness to
Outside Diameter)

Roundness Tolerance % of Outside
Diameter (Expressed to Nearest 0.001

in.)

0.01 to 0.03, incl 1.5
Over 0.03 to 0.05, incl 1.0
Over 0.05 to 0.10, incl 0.8
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14.1.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semifinished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

14.1.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

14.1.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 lbs
or fraction thereof, except that not more than one sample shall
be required per piece.

14.1.1.3 Because of the discontinuous nature of the process-
ing of castings into wrought products, it is not practical to
identify specific casting analysis with a specific quantity of
finished material.

14.1.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

14.2 Mechanical Tests—For the mechanical tests, a speci-
men shall be taken from each of the sample pieces selected in
accordance with 13.1. The required mechanical test shall be
made on each of the specimens so selected. The value for the
Rockwell hardness number of each specimen shall be estab-
lished by taking the arithmetical average of at least three
readings.

14.3 Microscopical Examination—One specimen shall be
examined from each of the sample pieces selected in accor-
dance with 13.1.

14.4 In the case of tube furnished in coils, a length sufficient
for all necessary tests shall be cut from each coil selected for
the purpose of tests. The remaining portion of these coils shall
be included in the shipment, and the permissible variations in
length of such coils shall be waived.

14.5 Retests:
14.5.1 If any test specimen shows defective machining or

develops flaws, it shall be discarded and another specimen
substituted.

14.5.2 If the results of any test for microscopical examina-
tion or mechanical properties fail to meet the specified require-
ments, two additional specimens shall be taken from different
sample pieces and tested. The results of the tests on both of
these specimens shall meet the specified requirements. Failure
of more than one specimen to meet the specified requirements
for a particular property shall be the cause for rejection of the
entire lot.

14.5.3 If the chemical analysis fails to conform to the
specified limits, analysis shall be made on a new composite
sample prepared from additional pieces selected in accordance
with 13.1. The results of this retest shall comply with the
specified requirements.

15. Test Methods

15.1 The properties enumerated in this specification shall, in
case of disagreement, be determined in accordance with the
ASTM methods listed in Table 7.

15.2 Tension Test:
15.2.1 Tension test specimens shall be of the full section of

the tube and shall conform to the requirements of the section,
Specimens for Pipe and Tube, of Test Methods E 8, unless the
limitations of the testing machine preclude the use of such a
specimen. Use test specimens conforming to type No. 1 of Fig.
13, Tension Test Specimens for Large-Diameter Tubular Prod-
ucts, of Test Methods E 8 when a full-section specimen cannot
be tested.

15.2.2 Whenever different tension test results are obtained
from both full-size and from machined test specimens, the
results obtained from full-size test specimens shall be used to
determine conformance to the requirements of this specifica-
tion.

15.2.3 Tension test results on material covered by this
specification are not seriously affected by variations in speed of
testing. It is not prohibited to use a considerable range of
testing speeds; however, the rate of stressing to the yield
strength shall not exceed 100 ksi/min. Above the yield strength,
the movement per minute of the testing machine head under

TABLE 5 Standard Lengths and Tolerances

Nominal or Standard
Size, in.

Type Standard Length, ft
Tolerance (All

Plus)

Tubes Furnished in Straight Lengths

Up to 8, incl K, L, M 20 1 in.
10 L, M 20 1 in.
10 K 18 1 in.
12 M 20 1 in.
12 L 18 1 in.
12 K 12 1 in.

Tubes Furnished in Coils

Up to 1, incl K, L 60 and 100 2 ft
11⁄4 and 11⁄2 K, L 60 2 ft
2 K, L 40 and 45 1 ft

TABLE 6 Sampling Schedule

Number of Pieces
in Lot

Number of Sample Pieces to be TakenA

1 to 50 1
51 to 200 2
201 to 1500 3
Over 1500 0.2 % of total number of pieces in

the lot but not more than 10 sam-
ple pieces

A Each sample piece shall be taken from a separate tube.

TABLE 7 Test Methods

Test ASTM Designation

Chemical Analysis E 53, E 62
Tension E 8 (also see 15.2)
Rockwell Hardness E 18
Grain size E 2, E 3, E 112 (also see 15.3)
Expansion (pin test) B 153
Microscopical Examination

Procedure A
E 3, B 577 (also see 15.3)

Microscopical Examination
Procedure B

E 3, B 577 (also see 15.3)
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load shall not exceed 0.5 in./in. of gage length (or distance
between grips for full-section specimens).

15.3 Grain Size and Microscopical Examination:
15.3.1 The specimen(s) shall be prepared in accordance

with Guide E 3.
15.3.2 The surface of the test specimen shall approximate a

radial longitudinal section of the tube.

16. Significance of Numerical Limits

16.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in
Table 8, an observed value or calculated value shall be rounded
as indicated in accordance with the rounding method of
Practice E 29.

17. Inspection

17.1 The manufacturer shall afford the inspector represent-
ing the purchaser, all reasonable facilities, without charge, to
satisfy him that the tubes are being furnished in accordance
with the specified requirements.

18. Rejection and Rehearing

18.1 Material that fails to conform to the requirements of
this specification is subject to rejection at the option of the
purchaser. Rejection shall be reported to the manufacturer or
supplier promptly and in writing. When requested by the
manufacturer or supplier, a rehearing shall be granted.

19. Packaging and Package Marking
19.1 The material shall be separated by size, composition,

and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation at the
lowest rate applicable and to afford protection from the normal
hazards of transportation.

19.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, total length or piece count, or both, and name of supplier.
The specification number shall be shown, when specified.

19.3 Product Identification:
19.3.1 The name or trademark of the manufacturer and the

mark indicative of the type shall be permanently (incised)
marked on each tube at intervals not greater than 11⁄2 ft. Tube
in straight lengths shall be further identified throughout its
length by means of a colored stripe, symbol, or logo not less
than3⁄16 in. in height, including a legend repeated at intervals
not greater than 3 ft. The legend shall include the type of the
tube, name or trademark of the manufacturer, or both, and the
country of origin. The manufacturer has the option to include
other information.

19.3.2 Colors used are: green for Type K, blue for Type L,
and red for Type M. Such color marking is not applicable to
tube furnished in annealed straight lengths or coils.

19.3.3
19.4 UNS Copper Designation:
19.4.1 Hard Drawn Tubing—On hard drawn tubing pro-

duced from C10200 and C12000, the UNS copper designation
shall be identified at intervals not greater than 3 ft with color
coded ink per 19.3.2.

19.4.2 Annealed Tubing—On annealed tubing produced
from C10200 and C12000, the UNS copper designation shall
be identified with ink or some other permanent mark that is
repeated at intervals not greater than 3 ft. Color marking to
distinguish Type K from Type L is not required.

20. Keywords
20.1 copper tube; seamless; water tube; UNS No. C10200;

UNS No. C12000; UNS No. C12200

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order for agencies of the U. S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:5

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standard:5

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:5

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection:
5 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5098, Attn: NPODS.

TABLE 8 Rounding Units

Property
Rounded Unit for Observed

or Calculated Value

Chemical composition nearest unit in the last right-hand place of figures of
Hardness the specified limit

Tensile strength nearest ksi
Expansion nearest 1 %
Grain size:

Up to 0.055 mm, incl nearest multiple of 0.005 mm
Over 0.055 to 0.160

mm, incl
nearest 0.01 mm
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S2.1.1 Unless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer has the option to use his own or any other
suitable facilities for the performance of the inspection and test
requirements unless disapproved by the purchaser at the time
the order is placed. The purchaser shall have the right to
perform any of the inspections or tests set forth when such
inspections and tests are deemed necessary to assure that the
material conforms to prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery
S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade or class and shall be preserved and
packaged, Level A or C, packed, Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 88 – 02)
that may impact the use of this standard. (Approved Oct. 1, 2003.)

(1) Added paragraph 1.2.
(2) Added information (paragraphs 4.1.1, 4.1.2, 4.2.2 and
subsections) to Ordering Information section.
(3) Added new Table 2.
(4) Revised Section 9 and added paragraph 9.3 and subsec-
tions.

(5) Added paragraph 14.3.
(6) Added paragraph 15.3 and revised paragraph 15.2.
(7) Added paragraph 19.4.
(8) Added UNS Nos. C10200, C12000, and C12200 to Key-
words.
(9) Revised Table 7.

Committee B05 has identified the location of selected changes to this standard since the last issue (B 88–99e1) that may
impact the use of this standard. (Approved Oct. 10, 2002.)

(1) Sections 3.2.1 and 10.2 were modified to replace nonman-
datory language with mandatory language.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 88M – 03

METRIC

Standard Specification for
Seamless Copper Water Tube [Metric] 1

This standard is issued under the fixed designation B 88M; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification covers seamless copper water tube
suitable for general plumbing, similar applications for the
conveyance of fluids, and commonly used with solder, flared,
or compression-type fittings. The type of copper water tube
suitable for any particular application is determined by the
internal or external fluid pressure, by the installation and
service conditions, and by local requirements. Means of joining
or bending are also factors that affect the selection of the type
of tube to be used.2

NOTE 1—Annealed tube is suitable for use with flared or compression
fittings, and with solder-type fittings, provided rounding and sizing of the
tube ends is performed where needed.

NOTE 2—Drawn temper tube is suitable for use with solder-type
fittings. Types A and B tube, in the drawn temper, are suitable for use with
certain types and sizes of compression fittings.

NOTE 3—This specification is the metric companion of Specification
B 88.

1.2 The tube shall be produced from the following coppers,
and the manufacturer has the option to supply any one of them,
unless otherwise specified:

Copper
UNS No.

Previously Used
Designation

Description

C10200 OF Oxygen free without
residual deoxidants

C12000 DLP Phosphorus deoxidized,
low residual phosphorus

C12200 DHP Phosphorus deoxidized,
high residual phosphorus

1.3 The assembly of copper plumbing or fire sprinkler
systems by soldering is described in Practice B 828.

1.4 Solders for joining copper potable water or fire sprinkler
systems are covered by Specification B 32. The requirements
for acceptable fluxes for these systems are covered by Speci-
fication B 813.

1.5 The following safety hazards caveat pertains only to the
test methods portion, Section 15, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:3

B 32 Specification for Solder Metal
B 88 Specification for Seamless Copper Water Tube
B 153 Test Method for Expansion (Pin Test) of Copper and

Copper-Alloy Pipe and Tubing
B 577 Test Methods for Detection of Cuprous Oxide (Hy-

drogen Embrittlement Susceptibility) in Copper
B 601 Practice for Temper Designations for Copper and

Copper Alloys—Wrought and Cast
B 813 Specification for Liquid and Paste Fluxes for Solder-

ing Applications of Copper and Copper Alloy Tube
B 828 Practice for Making Capillary Joints by Soldering of

Copper and Copper Alloy Tube and Fittings
E 2 Methods of Preparation of Micrographs of Metals and

Alloys4

E 3 Practice for Preparation of Metallographic Specimens
E 8 Test Methods for Tension Testing of Metallic Materials
E 18 Test Methods for Rockwell Hardness and Rockwell1 This specification is under the jurisdiction of ASTM Committee B05 on Copper

and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 1, 2003. Published November 2003. Originally
approved in 1983. Last previous edition approved in 1999 as B 88M – 99.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix is permitted to be used to accommodate
composition variations of the base alloy.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Withdrawn.

1

*A Summary of Changes section appears at the end of this standard.
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Superficial Hardness of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 53 Methods for Chemical Analysis of Copper
E 62 Test Methods for Chemical Analysis of Copper and

Copper Alloys (Photometric Methods)
E 112 Test Methods for Determining the Average Grain

Size
E 243 Practice for Electromagnetic (Eddy-Current) Exami-

nation of Copper and Copper-Alloy Tubes
E 255 Practice for Sampling Copper and Copper Alloys for

the Determination of Chemical Composition
E 527 Practice for Numbering Metals and Alloys (UNS)

3. Terminology

3.1 Definitions:
3.1.1 coil, n—a length of the product wound into a series of

connected turns. The unqualified term “coil” as applied to tube
usually refers to a bunched coil.

3.1.2 bunched, n—a coil in which the turns are bunched and
held together such that the cross section of the bunched turns
is approximately circular.

3.1.3 double layer flat, n—a coil in which the product is
spirally wound into two connected disk-like layers such that
one layer is on top of the other. (Sometimes called “double
layer pancake coil” or “double layer spirally wound coil.”)

3.1.4 level or traverse wound, n—a coil in which the turns
are wound into layers parallel to the axis of the coil such that
successive turns in a given layer are next to one another.
(Sometimes called “helical coil.”)

3.1.5 single layer flat, n—a coil in which the product is
spirally wound into a single disk-like layer. (Sometimes called
“pancake coil” or “single layer spirally wound coil.”)

3.1.6 lengths, n—straight pieces of the product.
3.1.7 standard, n—uniform lengths recommended in a sim-

plified practice recommendation or established as a commer-
cial standard.

3.1.8 tube, seamless, n—a tube produced with a continuous
periphery in all stages of the operations.

3.1.9 tube, copper service, n—a bendable copper water tube
for underground water service.

3.1.10 tube, copper water, n—a seamless copper tube con-
forming to the particular dimensions commercially known as
Copper Water Tube and designated as Types A, B, and C.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 capable of—as used in this specification, the test need

not be performed by the producer of the material. However,
should subsequent testing by the purchaser establish that the
material does not meet these requirements, the material shall be
subject to rejection.

4. Ordering Information

4.1 Include the following information for material ordered
under this specification.

4.1.1 ASTM designation and year of issue (for example,
B 88M – 03),

4.1.2 Copper UNS No. (not necessary unless a specific
copper is desired),

4.1.3 Nominal or standard size (Column 1 of Table 1) and
whether Type A, B, or C (Section 3),

TABLE 1 Dimensions, Mass, and Tolerances in Diameter and Wall Thickness for Metric Copper Water Tube Sizes
(All tolerances are plus and minus except as otherwise indicated.)

Nominal or
Standard
Size, mm

Outside
Diameter,

mm

Average Outside
DiameterA Tolerance, mm

Wall Thickness and Tolerances, mm Theoretical Mass, kg/m

Annealed Drawn

Type A Type B Type C

Type A Type B Type CWall
Thickness

Toler-
anceB

Wall
Thickness

Toler-
anceB

Wall
Thickness

Toler-
anceB

6 6.0 0.05 0.03 0.80 0.08 0.70 0.07 0.60 C 0.117 0.104 0.091
8 8.0 0.05 0.03 0.90 0.09 0.80 0.08 0.60 C 0.179 0.162 0.125

10 10.0 0.05 0.03 0.90 0.09 0.80 0.08 0.60 C 0.230 0.207 0.158
12 12.0 0.06 0.03 1.2 0.1 0.90 0.09 0.60 0.06 0.364 0.280 0.192
15 15.0 0.06 0.03 1.2 0.1 1.0 0.1 0.70 0.07 0.465 0.393 0.281
18 18.0 0.06 0.03 1.2 0.1 1.0 0.1 0.70 0.07 0.566 0.477 0.340
22 22.0 0.06 0.03 1.6 0.15 1.1 0.1 0.80 0.08 0.917 0.646 0.476
28 28.0 0.07 0.04 1.6 0.15 1.2 0.1 0.90 0.09 1.19 0.903 0.685
35 35.0 0.10 0.04 1.6 0.15 1.4 0.15 1.1 0.1 1.50 1.32 1.05
42 42.0 0.10 0.05 1.8 0.2 1.5 0.15 1.2 0.1 2.03 1.71 1.37
54 54.0 0.10 0.05 2.1 0.2 1.7 0.15 1.5 0.15 3.06 2.50 2.21
67 67.0 0.12 0.05 2.4 0.25 2.0 0.2 1.6 0.15 4.35 3.65 2.94
79 79.0 0.12 0.05 2.8 0.3 2.3 0.25 1.8 0.2 5.99 4.95 3.90

105 105.0 0.12 0.05 3.4 0.35 2.8 0.3 2.4 0.25 9.70 8.04 6.92
130 130.0 0.12 0.05 4.0 0.4 3.1 0.3 2.7 0.25 14.2 11.0 9.65
156 156.0 0.12 0.05 4.8 0.5 3.5 0.35 3.1 0.3 20.3 15.0 13.3
206 206.0 0.15 + 0.05

−0.10
6.8 0.7 5.0 0.5 4.3 0.45 38.0 28.2 24.4

257 257.0 0.20 + 0.05
−0.15

8.5 0.85 6.3 0.65 5.4 0.55 59.3 44.4 38.2

308 308.0 0.20 + 0.05
−0.15

10.3 1.0 7.1 0.7 6.4 0.65 86.1 60.0 54.2

A The average outside diameter of a tube is the average of the maximum and minimum outside diameter, as determined at any one cross section of the tube.
B Maximum deviation at any one point.
C Indicates that the material is not generally available or that no tolerance has been established.
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4.1.4 Temper (Section 7),
4.1.5 Length (see 11.5),
4.1.6 How furnished: straight or coils,
4.1.7 Quantity (pieces) of each size and type,
4.1.8 In addition, when material is purchased for agencies of

the U.S. Government, it shall conform to the Supplementary
Requirements as defined herein when specified in the contract
or purchase order.

4.2 The following options are available and shall be speci-
fied in the contract or purchase order when required:

4.2.1 Tension test (Section 8),
4.2.2 Grain size determination (Section 8),
4.2.3 Expansion test (9.1), and
4.2.4 Microscopical Examination for Hydrogen Embrittle-

ment, Procedure B (9.3.2).

5. Materials and Manufacture

5.1 The material shall be of such quality and purity that the
finished product shall have the properties and characteristics
prescribed in this specification, and shall be cold worked to
size.

5.2 The tube shall be finished by such cold-working and
annealing operations as are necessary to produce the required
temper and surface finish.

5.3 Tube when furnished in coils shall be annealed after
coiling.

5.4 Tube when furnished in straight lengths shall normally
be in the drawn temper. Upon agreement between the manu-
facturer or supplier and the purchaser, the manufacturer shall
have the option to supply annealed straight length tubing.

6. Chemical Composition

6.1 The material shall conform to the chemical requirements
in Table 2 for the specific type of copper.

6.2 These specification limits do not preclude the presence
of other elements. When included in the contract or purchase
order, and agreed upon by the manufacturer or supplier and the
purchaser, limits shall be established and analysis required for
unnamed elements.

7. Temper

7.1 The copper water tube shall be furnished in the tempers
designated below. Current designations as defined in Practice
B 601 are as follows:

Annealed-O
Drawn-H

8. Mechanical Properties

8.1 The tube shall conform to the mechanical property
requirements prescribed in Table 3. Tension tests and grainsize
determinations need not be made except when indicated by the

purchaser at the time of placing the order. A convenient method
of indicating that these tests are to be made is to state that “Test
Procedure T is required” (see 4.2.1). Where agreement on the
Rockwell hardness tests cannot be reached, the tensile strength
and grain-size requirements of Table 3 shall be the basis for
acceptance or rejection.

9. Performance Requirements

9.1 Expansion Test:
9.1.1 The annealed (O) tube shall be capable of being

expanded in accordance with Test Method B 153 with an
expansion of the outside diameter in the following amount:

Nominal or
Standard Size, mm

Expansion of
Outside Diameter, %

15 and under 40
Over 15 30

The expanded tube shall show no cracking or rupture visible
to the unaided eye.

NOTE 4—The term “unaided eye” as used herein permits the use of
corrective spectacles necessary to obtain normal vision.

9.2 Flattening Test:
9.2.1 As an alternative to the expansion test for tube

standard sizes 105 mm and over in the annealed condition, a
section 100 mm in length shall be cut from the end of one of
the lengths for a flattening test. This100-mm test specimen
shall be flattened so that a gage set at three times the wall
thickness will pass over the tube freely throughout the flattened
part. The tube so tested shall develop no cracks or flaws visible
to the unaided eye as a result of this test. In making the
flattening test the elements shall be slowly flattened by one
stroke of the press.

9.3 Microscopical Examination for Susceptibility to Hydro-
gen Embrittlement:

9.3.1 Tubes furnished in Copper UNS No. C10200 and
C12000 shall be essentially free of cuprous oxide as deter-
mined by Procedure A of Test Methods B 577. When Copper
UNS No. C12200 is supplied, examination is not required. In
case of a dispute, Procedure C of Test Methods B 577 shall be
used as the referee method.

9.3.2 Tubes furnished in all coppers shall be capable of
passing the embrittlement test specified in Procedure B of Test
Methods B 577. The actual performance of the test is not
required unless specifically requested in the ordering docu-
ment. In case of a dispute, Procedure C of Test Methods B 577
shall be used as the referee method.

10. Nondestructive Testing

10.1 Eddy-Current Test—Unless otherwise specified, each
tube up to and including 79 mm in outside diameter, or within
the capabilities of the eddy-current tester, shall be subjected to
an eddy-current test. Testing shall follow the procedure of
Practice E 243, except the determination of “end effect” is not
required.

10.1.1 The testing of tube of dimensions beyond the capa-
bilities of the eddy-current test apparatus shall be subject to
negotiation between the producer and the purchaser.

10.1.2 Notch-depth standards, rounded to the nearest 0.03
mm, shall be 22 % of the wall thickness. The notch-depth

TABLE 2 Chemical Composition—Weight %

Element Copper UNS No.

C10200A C12000 C12200

Copper,B min 99.95 99.90 99.9
Phosphorus ... 0.004–0.012 0.015–0.040

A Oxygen shall be 10 ppm max.
B Copper + silver.
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tolerance shall be60.01 mm. Alternatively, at the option of the
manufacturer using speed insensitive eddy-current units that
are equipped to select a fraction of the maximum unbalance
signal, the following percent maximum unbalance signals shall
be used:

Nominal or Standard Tube Size, mm
Unbalance Signal
Magnitude, max %

Up to and incl 12 0.2
15 to 54, incl 0.3
Over 54 to 79, incl 0.4

10.1.3 Tubes that do not actuate the signalling device of the
eddy-current testers shall be considered as conforming to the
requirements of this test. Tubes with discontinuities indicated
by the testing unit shall, at the option of the manufacturer, be
reexamined or retested to determine whether the discontinuity
is cause for rejection. Signals that are found to have been
caused by minor mechanical damage, soil, or moisture shall not
be cause for rejection of the tubes provided the tube dimen-
sions are still within the prescribed limits and the tube is
suitable for its intended application.

11. Dimensions, Mass, and Permissible Variations

11.1 For the purpose of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the specified limiting values for any
dimensions shall make the tube subject to rejection at the
option of the purchaser.

11.2 Nominal or Standard Dimensions, Wall Thickness, and
Diameter Tolerances—The nominal or standard dimensions,
wall thickness, and diameter tolerances shall be in accordance
with Table 1.

11.3 Mass—For purposes of calculating mass, cross sec-
tions, and so forth, the density of the copper shall be taken as
8.94 g/cm3. The theoretical mass per metre is shown in Table
1.

11.4 Roundness—For drawn unannealed tube in straight
lengths, the roundness tolerance shall be as prescribed in Table
4. The deviation from roundness is measured as the difference
between major and minor diameters as determined at any one
cross section of the tube. No roundness tolerance has been
established for annealed tube in straight lengths or for tubes
furnished in coils.

11.5 Lengths and Tolerances:
11.5.1 Standard Lengths and Tolerances—The standard

lengths and tolerances shall be as specified in Table 5.
11.5.2 Tube supplied in other than standard lengths and

tolerances shall be in accordance with requirements established
by agreement between the manufacturer or supplier and the
purchaser.

11.6 Squareness of Cut—For tube in straight lengths, the
departure from squareness of the end of any tube shall not
exceed more than 0.25 mm for tube up to and including 15-mm
standard size and not more than 0.40 mm/mm of outside
diameter for tube larger than 15-mm standard size.

12. Workmanship, Finish, and Appearance

12.1 The material shall be clean, free of dirt and defects of
a nature that interfere with normal commercial applications.

13. Sampling

13.1 Sample pieces shall be selected for test purposes from
each lot of 5000 kg or fraction thereof, of each size and type,
according to the schedule of Table 6.

14. Number of Tests and Retests

14.1 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
millings, and so forth shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 13.1 and combined into one composite sample. The
minimum weight of the composite sample that is to be divided
into three equal parts shall be 150 g.

14.1.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing

TABLE 3 Mechanical Property Requirements

Temper Designation
Form

Rockwell HardnessA Tensile Strength,
min, MPa

Average Grain Size,
mmStandard Former Scale Value

OS060 annealed coils F 50 max 200 0.040 min
OS035 annealed straight lengths F 55 max 200 0.025 min
H58 drawn drawn 30 T 30 min 250 ...

A Rockwell hardness tests shall be made on the inside surfaces of the tube. When suitable equipment is not available for determining the specified Rockwell hardness,
other Rockwell scales and values shall be specified subject to agreement between the purchaser and the supplier.

TABLE 4 Roundness Tolerance

t/D (Ratio of Wall Thickness to
Outside Diameter)

Roundness Tolerance % of Out-
side Diameter (Expressed to

Nearest 0.03 mm)

0.01 to 0.03, incl 1.5
Over 0.03 to 0.05, incl 1.0
Over 0.05 to 0.10, incl 0.8

TABLE 5 Nominal or Standard Lengths and Tolerances

Nominal or Standard Size,
mm

Type
Nominal or
Standard
Length, m

Tolerance, mm

(all plus)

Tubes Furnished in Straight Lengths

Up to 206, incl A, B, C 6.0 25
257 B, C 6.0 25
257 A 5.5 25
308 C 6.0 25
308 B 5.5 25
308 A 3.6 25

Tubes Furnished in Coils

Up to 28, incl A, B 20 600
30 600

35 and 42 A, B 20 600
54 A, B 12 600

14 600
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samples taken at the time the castings are poured or samples
taken from the semifinished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

14.1.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

14.1.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 5000 kg or
fraction thereof, except that not more than one sample shall be
required per piece.

14.1.1.3 Because of the discontinuous nature of the process-
ing of castings into wrought products, it is not practical to
identify specific casting analysis with a specific quantity of
finished material.

14.1.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

14.2 Mechanical Tests—For the mechanical tests, a speci-
men shall be taken from each of the sample pieces selected in
accordance with 13.1. The required mechanical test shall be
made on each of the specimens so selected. The value for the
Rockwell hardness number of each specimen shall be estab-
lished by taking the arithmetical average of at least three
readings.

14.3 Microscopical Examination—One specimen shall be
examined from each of the sample pieces selected in accor-
dance with 13.1.

14.4 In the case of tube furnished in coils, a length sufficient
for all necessary tests shall be cut from each coil selected for
purpose of tests. The remaining portion of these coils shall be
included in the shipment, and the permissible variations in
length of such coils shall be waived.

14.5 Retests:
14.5.1 If any test specimen shows defective machining or

develops flaws, it shall be discarded and another specimen
substituted.

14.5.2 If the results of any test made to determine the
mechanical properties fail to meet the specified requirements,
two additional specimens shall be taken from different sample
pieces and tested. The results of the tests on both of these
specimens shall meet the specified requirements.

14.5.3 If the chemical analysis fails to conform to the
specified limits, analysis shall be made on a new composite
sample prepared from additional pieces selected in accordance
with 13.1. The results of this retest shall comply with the
specified requirements.

15. Test Methods

15.1 The properties enumerated in this specification shall, in
case of disagreement, be determined in accordance with the
ASTM methods listed in Table 7.

15.2 Tension Test:
15.2.1 Tension test specimens shall be of the full section of

the tube and shall conform to the requirements of the section,
Specimens for Pipe and Tube, of Test Methods E 8, unless the
limitations of the testing machine preclude the use of such a
specimen. Use test specimens conforming to type No. 1 of Fig.
13, Tension Test Specimens for Large-Diameter Tubular Prod-
ucts, of Test Methods E 8 when a full-section specimen cannot
be tested.

15.2.2 Whenever different tension test results are obtained
from both full-size and from machined test specimens, the
results obtained from full-size test specimens shall be used to
determine conformance to the requirements of this specifica-
tion.

15.2.3 Tension test results on material covered by this
specification are not seriously affected by variations in speed of
testing. It is not prohibited to use a considerable range of
testing speeds; however, the rate of stressing to the yield
strength shall not exceed 100 ksi/min. Above the yield strength,
the movement per minute of the testing machine head under
load shall not exceed 0.5 in./in. of gage length (or distance
between grips for full-section specimens).

15.3 Grain Size and Microscopical Examination:
15.3.1 The specimen(s) shall be prepared in accordance

with Guide E 3.
15.3.2 The surface of the test specimen shall approximate a

radial longitudinal section of the tube.

16. Significance of Numerical Limits

16.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in
Table 8, an observed value or calculated value shall be rounded
as indicated in accordance with the rounding method of
Practice E 29.

17. Inspection

17.1 The manufacturer shall afford the inspector represent-
ing the purchaser, all reasonable facilities to satisfy him that the
tubes are being furnished in accordance with the specified
requirements.

18. Rejection and Rehearing

18.1 Material that fails to conform to the requirements of
this specification is subject to rejection at the option of the

TABLE 6 Sampling Schedule

Number of Pieces in Lot Number of Sample Pieces to be TakenA

1 to 50 1
51 to 200 2

201 to 1500 3
Over 1500 0.2 % of total number of pieces in the lot

but not more than 10 sample pieces
A Each sample piece shall be taken from a separate tube.

TABLE 7 Test Methods

Test ASTM Designation

Chemical analysis E 53, E 62
Tension E 8 (also see 15.2)
Rockwell hardness E 18
Grain size E 2, E 3, E 112 (also see 15.3)
Expansion (pin test) B 153
Microscopical Examination,

Procedure A
E 3, B 577 (also see 15.3)

Microscopical Examination,
Procedure B

E 3, B 577 (also see 15.3)
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purchaser. Rejection shall be reported to the manufacturer or
supplier promptly and in writing. When requested by the
manufacturer or supplier, a rehearing shall be granted.

19. Packaging and Package Marking

19.1 The material shall be separated by size, composition,
and temper and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation at the
lowest rate applicable and to afford protection from the normal
hazards of transportation.

19.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, total length or piece count, or both, and name of supplier.
The specification number shall be shown, when specified.

19.3 Product Identification:

19.3.1 The name or trademark of the manufacturer and the
mark indicative of the type shall be permanently (incised)
marked on each tube at intervals not greater than 0.5 m. Tube
in straight lengths shall be further identified throughout its
length by a colored marking of Xs, symbol, or logo not less
than 4.5 mm in height, including a legend repeated at intervals
not greater than 1 m. The legend shall include the type of the
tube, name or trademark of the manufacturer, or both, and the
country of origin. The manufacturer has the option to include
other information.

19.3.2 Colors used shall be green for Type A, blue for Type
B, and red for Type C. Such color marking is not applicable to
tube furnished in annealed straight lengths or coils.

19.3.3 UNS Copper Designation:
19.3.3.1Hard Drawn Tubing—On hard drawn tubing pro-

duced from C10200 and C12000, the UNS copper designation
shall be identified at intervals not greater than 3 ft with color
coded ink per 19.3.2.

19.3.3.2Annealed Tubing—On annealed tubing produced
from C10200 and C12000, the UNS copper designation shall
be identified with ink or some other permanent mark that is
repeated at intervals not greater than 3 ft. Color marking to
distinguish Type K from Type L is not required.

20. Keywords

20.1 copper tube; seamless; water tube; UNS No. C10200;
UNS No. C12000; UNS No. C12200

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:5

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 146A Tolerances for Copper and Copper Base

Alloy Mill Products
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standards:5

MIL-STD-105 Sampling Procedures and Tables for Inspec-
tion by Attributes

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:5

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer has the option to use his own or any other
suitable facilities for the performance of the inspection and test
requirements unless disapproved by the purchaser at the time
the order is placed. The purchaser shall have the right to
perform any of the inspections and tests set forth in this
specification when such inspections and tests are deemed
necessary to ensure that the material conforms to the prescribed
requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
5 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

TABLE 8 Rounding Units

Property
Rounded Unit for Observed or

Calculated Value

Chemical composition
Hardness

nearest unit in the last right-hand place of
figures of the specified limit

Tensile strength nearest 5 MPa
Expansion nearest 1 %
Grain size:

Up to 0.055 mm, incl nearest multiple of 0.005 mm
Over 0.055 to 0.160

mm, incl
nearest 0.01 mm
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packaged, Level A or C, packed, Level A, B, or C, as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3393.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:

S4.2.1 Military Agencies—In addition to any special mark-
ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 88M – 99) that may impact the use of this standard. (Approved Oct. 1, 2003.)

(1) Added paragraph 1.2.
(2) Added information (paragraphs 4.1.1, 4.1.2, 4.2 and sub-
sections) to Ordering Information section.
(3) Added new Table 2.
(4) Revised Section 9 and added paragraph 9.3 and subsec-
tions.

(5) Added paragraph 14.3.
(6) Added paragraph 15.3 and revised paragraph 15.2.
(7) Added paragraph 19.3.3 and subsections.
(8) Added UNS Nos. C10200, C12000, and C12200 to Key-
words.
(9) Revised Table 7.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 96/B 96M – 01

Standard Specification for
Copper-Silicon Alloy Plate, Sheet, Strip, and Rolled Bar for
General Purposes and Pressure Vessels 1

This standard is issued under the fixed designation B 96/B 96M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for
copper-silicon alloy plate, sheet, strip, and rolled bar for
drawing, forming, stamping, bending, and general engineering
applications, and for pressure vessel applications. The alloys
involved are copper alloys UNS Nos. C65100, C65400, and
C65500.

1.2 When product is ordered for ASME Boiler and Pressure
Vessel Code applications, consult the Code2 for applicable
alloys.

1.3 The values stated in inch-pound or SI units are to be
regarded separately as standard. Within the text, SI units are
shown in brackets. The values in each system are not exactly
equivalents; therefore, each system shall be used independently
of the other. Combining values from the two systems may
result in nonconformance with the specification.

1.4 The following safety hazard caveat pertains only to the
test methods described in Section 11 of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to its use.

2. Referenced Documents

2.1 ASTM Standards:
B 248 Specification for General Requirements for Wrought

Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar3

B 248M Specification for General Requirements for
Wrought Copper and Copper-Alloy Plate, Sheet, Strip, and
Rolled Bar [Metric]3

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes4

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Method)4

E 118 Test Methods for Chemical Analysis of Copper-
Chromium Alloys4

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

3. General Requirements

3.1 The following sections of either Specification B 248 or
B 248M constitute a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Dimensions, Mass, and Permissible Variations,
3.1.4 Workmanship, Finish, and Appearance,
3.1.5 Sampling,
3.1.6 Number of Tests and Retests,
3.1.7 Test Specimens,
3.1.8 Test Methods,
3.1.9 Significance of Numerical Limits,
3.1.10 Inspection,
3.1.11 Rejection and Rehearing,
3.1.12 Certification,
3.1.13 Packing and Package Marking,
3.1.14 Mill Test Report, and
3.1.15 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements which supplement those appearing in
either Specification B 248 or B 248M.

4. Ordering Information

4.1 Include the following information when placing orders
for products under this specification:

4.1.1 ASTM designation and year of issue,
4.1.2 Copper Alloy UNS No. (Section 1),
4.1.3 Temper (Section 6),
4.1.4 Dimensions: Thickness, Width, and Length (Section

9),

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved April 10, 2001. Published June 2001. Originally
published as B 96 – 34 T. Last previous edition B 96/B 96M – 99.

2 For ASME Boiler and Pressure Vessel Codeapplications, see related Specifi-
cation SB–96 in Section 11 of that Code.

3 Annual Book of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.5 Finish (Section 10),
4.1.6 Type of edge, if required: slit, sheared, sawed, square

corners, rounded corners, rounded edges or full rounded edges
(9.6),

4.1.7 How furnished (straight lengths or coils),
4.1.8 Weight (9.7),
4.2 The following options are available, and when required,

are to be specified in the contract or purchase order at the time
of placing of the order:

4.2.1 Mill test (Specifications B 248 or B 248M),
4.2.2 Certification (Specifications B 248 or B 248M),
4.2.3 Product identification (Specifications B 248 or

B 248M),
4.2.4 Pressure vessel use, if applicable2 (1.2, 9.1, 9.2.1, and

9.7.1),
4.2.5 Whether 0.2 % yield strength is required, and
4.2.6 When product is purchased for agencies of the U.S.

Government (Section 8).

5. Chemical Composition

5.1 The material shall conform to the chemical composition
requirements prescribed in Table 1 for the copper alloy UNS
No. designation specified in the ordering information.

5.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between manu-
facturer or supplier and the purchaser.

5.2.1 Copper may be taken as the difference between the
sum of all the elements analyzed and 100 %.

5.2.2 When all the elements in Table 1 are analyzed, their
sum shall be 99.5 % min.

6. Temper

6.1 Tempers, as defined in Practice B 601 available under
this specification are:

6.1.1 O61 (annealed),
6.1.2 O50 (light annealed),
6.1.3 H01 (quarter hard),
6.1.4 H02 (half-hard),
6.1.5 H03 (three-quarter hard),
6.1.6 H04 (hard),
6.1.7 H06 (extra-hard),
6.1.8 H08 (spring),
6.1.9 H10 (extra-spring),

6.1.10 H14 (super-spring),
6.1.11 M20 (as hot-rolled), and
6.1.12 M25 (as hot-rolled and rerolled).
6.2 Refer to Table 2 for the copper alloy UNS No. involved

for each temper.

7. Mechanical Property Requirements

7.1 Tensile Requirements—The tension test shall be the
standard test for all tempers of rolled, annealed, and hot-rolled
materials. Acceptance or rejection based on mechanical prop-
erties shall depend only on the tensile properties, which shall
conform to the requirements prescribed in Table 2 or Table 3.
Tension test specimens shall be taken so the longitudinal axis
of the specimen is parallel to the direction of rolling.

7.1.1 For Pressure Vessel Code Applications, the tensile
requirements are prescribed in Table 3.

7.1.2 For general purpose applications, the tensile require-
ments are prescribed in Table 2.

7.2 Rockwell Hardness—The approximate Rockwell hard-
ness values given in Tables 2 and 3 are for general information
and assistance in testing and shall not be used as a basis for
product rejection.

7.3 Grain Size—The approximate grain size values for
annealed tempers given in Tables 2 and 3 are for general
information and shall not be used as a basis for product
rejection.

8. Purchases for U.S. Government Agencies

8.1 If the product ordered is for an agency of the U.S.
Government, when specifically stipulated in the contract or
purchase order, the product furnished shall conform to the
conditions specified in the Supplementary Requirements sec-
tion of Specifications B 248 or B 248M.

9. Dimensions, Mass, and Permissible Variations

9.1 The dimensions and tolerances for product described by
this specification shall be as specified in Specifications B 248
or B 248M with particular reference to the following tables and
related paragraphs in that specification (exceptions forASME
Pressure Vessel Codeapplications are noted):

9.2 Thickness—Table 2.
9.2.1 Pressure Vessel Code Applications—The thickness of

any place or sheet shall not be more than 0.01 in. under the
thickness specified.

9.3 Width:
9.3.1 Slit Metal and Slit Metal with Rolled Edges—Table 4.
9.3.2 Square-Sheared Metal—Table 5.
9.3.3 Sawed Metal—Table 6.
9.4 Length:
9.4.1 Schedule of Lengths (Specific and Stock) With Ends—

Table 7.
9.4.2 Length Tolerances for Square-Sheared Metal—Table

9.
9.4.3 Length Tolerances for Sawed Metal—Table 10.
9.4.4 Minimum and Maximum Weight of Ends—Table 8.
9.5 Straightness:
9.5.1 Slit Metal or Slit Metal Either Straightened or Edge-

Rolled—Table 11.
9.5.2 Square-Sheared Metal—Table 12.

TABLE 1 Chemical Requirements

Element

Composition, %

Copper Alloy UNS No.

C65100 C65400 C65500

Copper, incl silver remainder remainder remainder
Silicon 0.8–2.0A 2.7–3.4 2.8–3.8
Manganese 0.7 max . . . 0.50–1.3
Tin . . . 1.2–1.9 . . .
Chromium . . . 0.01–0.12 . . .
Zinc, max 1.5 0.50 1.5
Iron, max 0.8 . . . 0.8
Nickel, max . . . . . . 0.6
Lead, max 0.05 0.05 0.05

AAn alloy containing as high as 2.6 % silicon is acceptable providing the sum of
all named elements other than copper, silicon, and iron does not exceed 0.3 %.

B 96/B 96M
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9.5.3 Sawed Metal—Table 13.
9.6 Edges:
9.6.1 Square Edges—Table 14.
9.6.2 Rounded Corners—Table 15.
9.6.3 Rounded Edges—Table 16.
9.6.4 Full-Rounded Edges—Table 17.
9.7 Weight, Hot-Rolled Sheet and Plate—Table 18.
9.7.1 ASME Pressure Vessel Code Applications—Table 4 of

this specification.

10. Workmanship, Finish and Appearance

10.1 For workmanship and appearance requirements, refer
to either Specification B 248 or B 248M.

10.2 Finish—The material is supplied regularly in the
following finishes:

10.2.1 Black—After hot rolling retains all of the oxides.
10.2.2 Plain Pickled—Sulfuric acid pickle only, brick red

oxide; has cuprous and silicon oxides still adherent.

10.2.3 Specially Cleaned—Commercially free of all oxides;
has the golden color of the alloy.

10.2.4 Sand Blasted—Commercially free of all oxides; has
a dull gray color.

11. Test Methods

11.1 In the case of disagreement, the chemical composition
shall be determined as follows:

Element Test Method

Copper E 478
Silicon E 54; Perchloric acid dehydration
Manganese E 62
Tin E 478; Titrimetric
Chromium E 118
Zinc E 478; Atomic absorption
Iron E 478
Nickel E 478; Photometric
Lead E 478; Atomic absorption

11.2 Mechanical Properties (Tensile, Rockwell, and

TABLE 2 Tensile Strength Requirements and Approximate Rockwell Hardness and Grain Size Values

NOTE 1—Plate generally is available in only the as hot-rolled (M20) temper. Required properties for other tempers shall be agreed upon between the
manufacturer and the purchaser at the time of placing the order.

Temper Designation Tensile Strength,
ksi [MPa]

Approximate Rockwell Hardness Approximate Grain
Size, mmStandard Former F Scale B Scale

Copper Alloy UNS No. C65100

O61 Annealed 38–45 [260–310] 45–55 . . . 0.050–0.120
O50 Light anneal 40–50 [275–345] 50–75 . . . 0.060 maxA

H01 Quarter-hard 42–52 [290–360] . . . 48–63 . . .
H02 Half-hard 47–57 [325–395] . . . 64–73 . . .
H04 Hard 60–70 [415–485] . . . 74–82 . . .
H06 Extra-hard 67–76 [460–525] . . . 78–85 . . .
H08 Spring 71–79 [490–545] . . . 81–86 . . .

Copper Alloy UNS Nos. C65500

O61 Annealed 52–58 [360–400] 70–82 . . . 0.110 maxA

O50 Light anneal 55–64 [380–440] 76–93 . . . 0.055 maxB

H01 Quarter-hard 60–74 [414–510] . . . 65–80 . . .
H02 Half-hardB 72–86 [596–593] . . . 79–91 . . .
H04 HardB 85–99 [586–683] . . . 88–96 . . .
H06 Extra-hardB 95–109 [655–752] . . . 93–98 . . .
H08 SpringB 102–116 [703–800] . . . 94–99 . . .
M20 As hot-rolled 55–72 [380–500] 72 min . . . . . .
M25 As hot-rolled and rerolled 58–72 [400–500] . . . 60-80 . . .

Copper Alloy UNS No.
C65400

Superficial 30T B Scale

O61 Annealed 65–80 [450–550] . . . . . . 0.040B max
H01 Quarter hardB 75–90 [520–620] 64–77 72–91 . . .
H02 Half hardB 86–101 [590–700] 75–79 89–95 . . .
H03 Three-quarter hardB 97–112 [670–770] 77–81 94–97 . . .
H04 HardB 108–120 [745–830] 80–81 96–98 . . .
H06 Extra hardB 116–126 [800–870] 81–82 97–100 . . .
H08 SpringB 124–133 [855–920] 81–82 99–101 . . .
H10 Extra springB 131–140 [900–965] 81 min 100–102 . . .
H14 Super springB 137 min [945 min] 81 min 101 min . . .

ANo minimum grain size requirement is specified, but all annealed material shall be fully recrystallized.
BCommercially supplied only as strip. The manufacturer should be consulted where these tempers are desired in sheet or plate.

TABLE 3 Tensile Strength Requirements and Approximate Rockwell Hardness and Grain Size Values for Pressure Vessel Applications

Temper Designation Tensile Strength,
ksi [MPa]

Yield Strength at 0.5 %
Extension Under Load,

ksi [MPa] min

Yield StrengthA at
0.2 % offset, min,

ksi [MPa]
Elongation, min %B

Approximate
Rockwell F
Hardness

Approximate Grain
Size, mmStandard Former

Copper Alloy UNS No. C65500
O61 Annealed 50–67 [345–460] 18 [125] 18 [125] 40 70–82 0.110 maxC

ASee 4.2.5.
BElongation in 2 in. [50 mm].
CNo minimum grain size requirement is specified, but all annealed material shall be fully recrystallized.
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Grain)—Refer to the appropriate test method in either Speci-
fication B 248 or B 248M.

12. Keywords

12.1 copper-silicon alloy bar; copper-silicon alloy plate;

copper-silicon alloy pressure vessels; copper-silicon alloy
sheet; copper-silicon alloy strip; UNS C65100; UNS C65400;
UNS C65500

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this specification since the last issue of
B 96/B 96M - 99 that may impact the use of this specification.

(1) Paragraph 4.1 was reworded.
(2) The order of Sections 3 and 4 was reversed.

(3) The value under Approximate Grain Size in Table 3 was
changed.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).

TABLE 4 Lot Weight Tolerances in Percentage of Theoretical Weight for Pressure Vessel Applications—All Plus

Thickness, in. [mm]

Permissible Excess in Average Weight of Lots, Expressed in Percentage of Normal Weight

48 in. [1200 mm]
and Under

in Width

Over 48 to 60 in.
[1200 to 1500 mm]

in Width

Over 60 to 72 in.
[1500 to 1800 mm]

in Width

Over 72 to 96 in.
[1800 to 2500 mm]

in Width

Over 96 to 120 in.
[2500 to 3000 mm]

in Width

Over 120 to 132 in.
[3000 to 3500 mm]

incl in Width

1⁄8 to 3⁄16, incl [3.0 to 5.0] 6.5 8 9 11 . . . . . .
Over 3⁄16 to 1⁄4, incl [6.0 to 8.0] 6.5 8 9 11 12 . . .
Over 1⁄4 to 5⁄16, incl [8.0 to 10] 6.5 7.75 8.75 11 12 13
Over 5⁄16 to 3⁄8, incl [9.0 to 10] 6.25 7.5 8.5 11 12 13
Over 3⁄8 to 7⁄16, incl [10 to 12] 6 7.25 8.25 11 12 13
Over 7⁄16 to 1⁄2, incl [12 to 14] 6 7 8 10 11 12
Over 1⁄2 to 5⁄8, incl [14 to 16] 5.75 6.5 7.5 9 10 11
Over 5⁄8 to 3⁄4, incl [16 to 20] 5.5 6 7 8 9 10
Over 3⁄4 to 1, incl [20 to 25] 5 5 6.25 7 8 9
Over 1 to 2, incl [25 to 50] 3.5 4 5 6 7 8

B 96/B 96M
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Designation: B 98/B 98M – 03

Standard Specification for
Copper-Silicon Alloy Rod, Bar and Shapes 1

This standard is issued under the fixed designation B 98/B 98M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes requirements for copper-
silicon rod, bar, and shapes for UNS Alloys C65100, C65500,
and C66100.

NOTE 1—Material for hot forging is covered by Specification B 124.
NOTE 2—For ASME Boiler and Pressure Vessel Code applications, see

Specification SB-98 in Section II of that code.

1.2 The values stated in inch-pound units or SI units are to
be regarded separately as standard. Within the text, SI units are
shown in brackets. The values in each system are not exact
equivalents; therefore, each system shall be used independently
of the other. Combining values from the two systems may
result in nonconformance with the specification.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 124/B 124M Specification for Copper and Copper Alloy

Forging Rod, Bar, and Shapes2

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes and
Forgings2

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Method)4

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

3. General Requirements

3.1 The following sections of Specification B 249/B 249M
constitute a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Test Report (Mill),
3.1.13 Packaging and Package Marking, and
3.1.14 Supplemental Requirements.
3.2 In addition, when a section with a title identical to one

of those referenced in 3.1 appears in this specification, it
contains additional requirements that supplement those which
appear in Specification B 249/B 249M.

4. Ordering Information

4.1 Include the following information in orders for product
under this specification:

4.1.1 ASTM Designation and year of issue,
4.1.2 Copper Alloy UNS No. designation,
4.1.3 Temper designation,
4.1.4 Quantity; total weight or length, or number of pieces

of each temper, form, or alloy,
4.1.5 Dimensions; diameter or distance between parallel

surfaces,
4.1.6 Type of edge; edge contours,
4.1.7 How furnished; specific lengths with or without ends,

and
4.1.8 When material is purchased for agencies of the U.S.

Government (see Specification B 249/B 249M).
4.2 The following options are available under this specifi-

cation and should be specified in the contract or purchase order
when required:

4.2.1 Certification (Specification B 249/B 249M), and
4.2.2 Mill Test Report (Specification B 249/B 249M).

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved Apr. 10, 2003. Published May 2003. Originally
approved in 1934. Last previous edition approved in 1998 as B 98/B 98M – 98.

2 Annual Book of ASTM Standards,Vol 02.01.
3 Annual Book of ASTM Standards,Vol 03.01.
4 Annual Book of ASTM Standards,Vol 03.05.

1

*A Summary of Changes section appears at the end of this standard.
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4.2.3 Tensile test required for alloys in Table 4 or Table 5
(see 8.1.1.1).

5. Material and Manufacture

5.1 Materials—The starting material shall be cast billets or
rods of Copper Alloy UNS Nos. C65100, C65500, or C66100,
and shall be of such soundness and structure as to enable them
to be processed into the product specified in the contract or
purchase order.

5.2 Manufacture—The product shall be manufactured by
such hot-working, cold-working, straightening, and annealing
processing as to produce a uniform wrought structure and
obtain the required finish properties.

6. Chemical Composition

6.1 The product shall conform to the chemical requirements
specified in Table 1 for the Copper Alloy UNS No. designated
in the ordering information.

6.1.1 For alloys in which copper is listed as “remainder,”
copper is the difference between the sum of the results of all
elements determined and 100 %.

6.1.2 When all elements listed in Table 1 are determined for
the designated alloy, the sum of results shall be 99.5 % min.

6.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

7. Temper

7.1 The standard tempers, as defined in Classification
B 601, for products described in this specification are given in
Tables 2-5.

7.1.1 Soft annealed O60,
7.1.2 1⁄4-hard H01,
7.1.3 1⁄2-hard H02,
7.1.4 Hard H04,
7.1.5 Extra-hard H06,
7.1.6 As hot rolled M20, and
7.1.7 As hot extruded M30.
7.2 Product of bars and shapes in the temper H06 is

normally not produced.

8. Mechanical Property Requirements

8.1 The product shall conform to the mechanical property
requirements given in Tables 2-5 for the Copper Alloy UNS
No. designation specified in the ordering information.

8.1.1 Rockwell Hardness—For the alloys and tempers
listed, product 0.5 in. [12 mm] and over in diameter or distance
between parallel surfaces shall conform with the requirements
given in Table 4 and Table 5, when tested in accordance with
Test Methods E 18.

8.1.1.1 For the alloys and tempers listed in Table 4 and
Table 5, Rockwell hardness shall be the basis of acceptance or
rejection for mechanical properties except when the tensile test
is specified in the contract or purchase order.

8.1.2 Tensile Strength— The product shall conform with the
requirements of Table 2 and Table 3 when tested in accordance
with Test Methods E 8 or E 8M.

8.1.2.1 The tensile requirements for all alloys and forms of
M20 and M30 tempers shall be as agreed upon between the
manufacturer and purchaser at time of order.

9. Dimensions, Mass and Permissible Variations

9.1 Refer to the appropriate paragraphs in Specification
B 249/B 249M with particular reference to the following
tables:

9.2 Diameter or Distance Between Parallel Surfaces:
9.2.1 Rod: Round, Hexagonal, Octagonal—Refer to Table

1for Alloy C65100 and to Table 2 for Alloys C65500 and
C66100.

9.2.2 Rod: Round M20 Temper—Refer to Table 6.
9.2.3 Rod: Round, Hexagonal, Octagonal, M30 Temper—

Refer to Table 5.
9.2.4 Bar: Rectangular and Square—Refer to Tables 8 and

10 for Alloy C65100, and Tables 9 and 11 for Alloys C65500
and C66100.

9.2.5 Bar: M30 Temper— Refer to Table 5 for thickness and
width tolerances.

9.3 Shapes—The dimensional tolerance for shapes shall be
as agreed upon between the manufacturer and the purchaser,
and shall be specified in the order.

9.4 Length:
9.4.1 Rod, Bar and Shapes—Refer to Tables 13 and 15.
9.5 Straightness:
9.5.1 Rod and Bar— Refer to Table 16.
9.6 Edge Contours:
9.6.1 Rod and Bar— Refer to the section entitled, “Edge

Contours” and to Figs. 1, 2, and 3.

10. Test Methods

10.1 Chemical composition shall, in case of disagreement,
be determined as follows:

Element Test Methods

Copper E 478
Lead E 478, Atomic absorption
Manganese E 62
Nickel E 478, Photometric
Silicon E 62
Zinc E 478, Atomic absorption

TABLE 1 Chemical Requirements

Composition, % Maximum (Unless Shown as a Range or
Minimum)

Copper Alloy UNS No.

C65100 C65500 C66100

Copper (Includes
silver)

remainder remainder remainder

Lead 0.05 0.05 0.20–0.8
Iron 0.8 0.8 0.25
Zinc 1.5 1.5 1.5
Manganese 0.7 0.50–1.3 1.5
Silicon 0.8–2.0 2.8–3.8 2.8–3.5
Nickel
(includes cobalt)

. . . 0.6 . . .
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10.1.1 Test Method(s) to be followed for the determination
of elements required by contractual or purchase order agree-
ment shall be as agreed upon between the supplier and
purchaser.

10.2 Refer to Specification B 249/B 249M for other appro-
priate test methods.

11. Keywords

11.1 copper—rod, bar, shapes; copper-silicon alloy; high
silicon bronze A; low silicon bronze B; silicon bronze; UNS
No. C65100; UNS No. C65500; UNS No. C66100

TABLE 2 Tensile Requirements

Temper Designation Diameter or Distance Between Parallel
Surfaces,A in.

Tensile Strength min,
ksi

Yield Strength at 0.5 %
Extension Under Load,

min, ksi

Elongation in 4 3
Diameter or Thickness of

Specimen, min, %BStandard Name

Copper Alloy UNS No. C65100 Rods, Bars, and Shapes

O60 Soft anneal All forms, all sizes 40 12 30
H02 Half-hard Rods:

Up to 1⁄2, incl 55 20 11
Over 1⁄2 to 2, incl 55 20 12

Bars and shapes C C C

H04 Hard Rods:
Up to 1⁄2, incl 65 35 8
Over 1⁄2 to 2, incl 65 35 10

Bars and shapes C C C

H06 Extra-hard Rods:
Up to 1⁄2, incl 85 55 6
Over 1⁄2 to 1, incl 75 45 8
Over 1 to 11⁄2, incl 75 40 8

Copper Alloy UNS Nos. C65500 and C66100 Rectangular Bars

O60 Soft anneal All sizes 52 15 35
H04 Hard Up to 1, incl 65 38 20

Over 1 to 11⁄2, incl 60 30 25
Over 11⁄2 to 3, incl 55 24 27

Copper Alloy UNS Nos. C65500 and C66100 Rods, Square Bars, and Shapes

O60 Soft anneal All forms, all sizes 52 15 35
H01 Quarter-hard All forms, all sizes 55 24 25
H02 Half-hard Rods and square bars:

Up to 2, incl 70 38 20
Shapes C C C

H04 Hard Rods and square bars:
Up to 1⁄4, incl 90 55 8
Over 1⁄4 to 1, incl 90 52 13
Over 1 to 11⁄2, incl 80 43 15
Over 11⁄2 to 3, incl 70 38 17
Over 3 C C C

Shapes C C C

H06 Extra-hard Rods: up to 1⁄2, incl 100 55 7
A For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
B In any case a minimum gage length of 1 in. shall be used.
C As agreed upon between manufacturer and purchaser.
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TABLE 3 Tensile Requirements

Temper Designation Diameter or Distance Between Parallel
Surfaces,A mm

Tensile Strength min,
MPa

Yield Strength at 0.5 %
Extension Under Load,

min, MPa

Elongation,
min, %B

Standard Name

Copper Alloy UNS No. C65100 Rods, Bars, and Shapes

O60 Soft anneal All forms, all sizes 275 85 30
H02 Half-hard Rods:

Up to 12, incl 380 140 11
Over 12 to 50, incl 380 140 12

Bars and shapes C C C

H04 Hard Rods:
Up to 12, incl 450 240 8
Over 12 to 50, incl 450 240 10

Bars and shapes C C C

H06 Extra-hard Rods:
Up to 12, incl 585 380 6
Over 12 to 25, incl 515 310 8
Over 25 to 38, incl 515 275 8

Copper Alloy UNS Nos. C65500 and C66100 Rectangular Bars

O60 Soft anneal All sizes 360 105 35
H04 Hard Up to 25, incl 450 260 20

Over 25 to 38, incl 415 205 25
Over 38 to 75, incl 380 165 27

Copper Alloy UNS Nos. C65500 and C66100 Rods, Square Bars, and Shapes

O60 Soft anneal All forms, all sizes 360 105 35
H01 Quarter-hard All forms, all sizes 380 165 25
H02 Half-hard Rods and square bars:

Up to 50, incl 485 260 20
Shapes C C C

H04 Hard Rods and square bars:
Up to 6, incl 615 380 8
Over 6 to 25, incl 615 360 13
Over 25 to 38, incl 545 295 15
Over 38 to 75, incl 485 260 17
Over 75 C C C

Shapes C C C

H06 Extra-hard Rods: up to 12, incl 690 380 7
A For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
B Elongation values are based on a gage length of 5.65 times the square root of the area for dimensions greater than 2.5 mm.
C As agreed upon between manufacturer and purchaser.

TABLE 4 Rockwell Hardness Requirements A

Temper Designation Diameter or Distance Between Parallel
Surfaces,B in.

Rockwell B Hardness Determined on the
Cross Section Midway Between Surface

and CenterStandard Name

Copper Alloy UNS No. C65100 Rods, Bars, and Shapes
H02 Half-hard 0.5 to 2.0 , incl 60–85
H04 Hard 0.5 to 2.0, incl 65–90
H06 Extra-hardC 0.5 to 1.5, incl 75–95

Copper Alloy UNS Nos. C65500 and C66100 Rectangular Bars
H04 Hard 0.5 to 3.0, incl 60–95

Copper Alloy UNS Nos. C65500 and C66100 Rods, Square Bars, and Shapes
H02 Half-hard 0.5 to 1.0, incl 75–95

over 1.0 to 1.5, incl 75–95
over 1.5 to 3.0, incl 75–95

H04 Hard 0.5 to 1.0, incl 85–100
over 1.0 to 1.5, incl 80–95
over 1.5 to 3.0, incl 75–95

A Rockwell hardnesses are not established for diameters less than 0.5 in..
B For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
C Bars and shapes are not produced in the H06 temper.
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 98/B 98M – 98) that may impact the use of this standard (approved Apr. 10, 2003).

(1) Correction of Table 1 to conform to UNS alloy designa-
tions.

(2) Editorial revisions throughout.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 5 Rockwell Hardness Requirements A

Temper Designation Diameter or Distance Between Parallel
Surfaces,B mm

Rockwell B Hardness Determined on the
Cross Section Midway Between Surface

and CenterStandard Name

Copper Alloy UNS No. C65100 Rods, Bars, and Shapes
H02 Half-hard 12 to 50, incl 60–85
H04 Hard 12 to 50, incl 65–90
H06 Extra-hardC 12 to 50, incl 75–95

Copper Alloy UNS Nos. C65500 and C66100 Rectangular Bars
H04 Hard 12 to 75, incl 60–95

Copper Alloy UNS Nos. C65500 and C66100 Rods, Square Bars, and Shapes
H02 Half-hard 12 to 25, incl 75–95

25 to 38, incl 75–95
over 38 to 75, incl 75–95

H04 Hard 12 to 25, incl 85–100
over 25 to 38, incl 80–95
over 38 to 75, incl 75–95

A Rockwell hardnesses are not established for diameters less than 12 mm.
B For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
C Bars and shapes are not produced in the H06 temper.
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Designation: B 99/B 99M – 01

Standard Specification for
Copper-Silicon Alloy Wire for General Applications 1

This standard is issued under the fixed designation B 99/B 99M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for
round, rectangular, and square wire for general applications
other than for electrical transmission cable. The alloys in-
volved are UNS Nos. C65100 and C65500.

1.2 Units—The values stated in inch-pound units or SI units
are to be regarded separately as standard. Within the text, SI
units are shown in brackets. The values stated in each system
may not be exact equivalents; therefore, each system shall be
used independently of the other. Combining values from the
two systems may result in nonconformance with the standard.

2. Referenced Documents

2.1 ASTM Standards:
B 250 Specification for General Requirements for Wrought

Copper-Alloy Wire2

B 250M Specification for General Requirements for
Wrought Copper-Alloy Wire [Metric]2

B 601 Classification for Temper Designations for Copper
and Copper-Alloys—Wrought and Cast2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials (Metric)3

E 62 Test Methods for Chemical Analysis of Copper and
Copper-Alloys (Photometric Methods)4

E 112 Test Methods for Determining the Average Grain
Size3

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

3. General Requirements

3.1 The following sections of Specification B 250 or
B 250M constitute a part of this specification.

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Mill Test Report,
3.1.13 Packaging and Package Marking, and
3.1.14 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements which supplement those that appear in
Specification B 250 or B 250M.

4. Ordering Information

4.1 Include the following information in orders for product:
4.1.1 ASTM designation and year of issue,
4.1.2 Copper Alloy UNS No.,
4.1.3 Temper,
4.1.4 Dimensions (diameter, distance between parallel sur-

faces, width, and thickness),
4.1.5 How furnished (coil, reel, and so forth),
4.1.6 Total weight of each size, and
4.1.7 When product is purchased for agencies of the U.S.

government.
4.2 The following options are available to this specification

and should be specified in the contract or purchase order when
required:

4.2.1 Heat identification or traceability details,
4.2.2 Certification,
4.2.3 Mill test reports, and
4.2.4 Special packaging and package markings.

5. Chemical Composition

5.1 The material shall conform to the chemical composi-
tional requirements in Table 1 for the Copper Alloy UNS No.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved April 10, 2001. Published August 2001. Originally
published as B 99 – 35T. Last previous edition B 99 – 96.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.
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designation specified in the ordering information.
5.1.1 These compositional limits do not preclude the pres-

ence of other elements. When required, limits may be estab-
lished and analysis required for unnamed elements by agree-
ment between the manufacturer and the purchaser.

5.2 Copper listed as the remainder is the difference between
the sum of results for all elements determined and 100 %.

5.3 When all elements listed in Table 1 for the Copper Alloy
UNS No. prescribed in the ordering information are deter-
mined, the sum of results shall be 99.5 % min.

6. Temper

6.1 Tempers, as defined in Classification B 601, available
under this specification are O61 (annealed), H00 (1⁄8 hard), H01
(1⁄4 hard), H02 (1⁄2 hard), H04 (full hard), and H08 (spring).

6.1.1 Product made to H04 (full hard) temper is generally
not available in sizes larger than 0.500 in. [12 mm] in diameter
or distance between parallel faces.

6.1.2 Product made to H08 (spring) temper is generally not
available in sizes larger than 0.250 in. [6 mm] in diameter or
distance between parallel faces.

7. Grain Size for Annealed Temper

7.1 Grain size shall be the standard requirement for all
product in annealed temper.

7.2 The average grain size of O61 (annealed) temper wire
shall not exceed 0.040 mm, but the wire must be completely
recrystallized.

7.3 Acceptance or rejection based upon grain size shall
depend only on the average grain size of test specimens taken
from each of two sample portions and each specimen shall be
within the limits prescribed in 7.2 when determined in accor-
dance with Test Methods E 112.

8. Mechanical Property Requirements

8.1 Tensile Strength Requirements:
8.1.1 Product furnished under this specification shall con-

form to the tensile requirements prescribed in Table 2, when
tested in accordance with Test Methods E 8 or E 8M.

9. Performance Requirements

9.1 Bending Requirements:
9.1.1 Wire in sizes up to 0.250 in. [6 mm] inclusive

produced to this specification shall be capable of being bent or
wrapped one full turn (360°) around its own diameter, or
distance between parallel faces, without developing cracks or
other flaws visible to the unaided eye on the outside surface of
the bend.

NOTE 1—Test specimens that include brazed or welded areas shall not
be used for bend test purposes.

10. Dimensions, Mass, and Permissible Variations

10.1 The dimensions and tolerances for product described in
this specification shall be as specified in Specification B 250 or
B 250M with particular reference to the following tables in
those specifications:

10.1.1 Diameter or Distance Between Parallel Surfaces:
10.1.1.1 Copper Alloy UNS No. C65100—Table 1.
10.1.1.2 Copper Alloy UNS No. C65500—Table 2.
10.1.2 Thickness:
10.1.2.1 Copper Alloy UNS No. C65100—Table 3.
10.1.2.2 Copper Alloy UNS No. C65500—Table 4 of B 250

or Table 3 of B 250M.
10.1.3 Width:
10.1.3.1 Copper Alloy UNS No. C65100—Table 5 of B 250

or Table 4 of B 250M.
10.1.3.2 Copper Alloy UNS No. C65500—Table 6 of B 250

or Table 4 of B 250M.

TABLE 1 Chemical Requirements

Composition, % max

Copper Alloy UNS No.

C65100 C65500

Copper (incl silver) remainder remainder
Lead 0.05 0.05
Iron 0.8 0.8
Zinc 1.5 1.5
Manganese 0.7 0.50–1.3
Silicon 0.8–2.0 2.8–3.8
Nickel ... 0.6

TABLE 2 Mechanical Requirements

Temper Tensile Strength Elongation in 2 in. [50 mm]
min % , for Wire Over

0.500 in. [12 mm]
in DiameterStandard Name ksi MPa

Copper Alloy UNS No. C65100

O61 annealed 38–55 260–380 40
H00 eighth-hard 50–65 345–450 20
H01 quarter-hard 60–75 415–515 15
H02 half-hard 75–95 515–655 10
H04 hardA 90–110 620–760 8
H08 springB 100 min 690 min 6

Copper Alloy UNS No. C65500

O61 annealed 55–70 380–485 47
H00 eighth-hard 62–78 425–540 28
H01 quarter-hard 72–90 495–620 18
H02 half-hard 90–110 620–760 10
H04 hardA 115–135 790–930 6
H08 springB 130 min 900 min 4

AHard (H04) temper is not generally available in sizes over 0.500 in. [12 mm].
BSpring (H08) temper is not generally available in sizes over 0.250 in. [6 mm].

B 99/B 99M
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11. Test Methods

11.1 Chemical Analysis:
11.1.1 Composition shall be determined, in case of dispute,

as follows:
Element Methods

Copper E 478
Silicon E 62
Lead E 478 (AA)
Iron E 478
Zinc E 478 (titrametric)
Nickel E 478 (photometric)

Manganese E 62

11.1.2 Test method(s) to be followed for the determination
of elements resulting from contractual or purchase order
agreement shall be as agreed upon between the manufacturer or
supplier and the purchaser.

12. Keywords

12.1 copper-silicon alloy wire; general purpose wire; non-
electrical wire; UNS C65100 wire; UNS C65500 wire

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 99/B 99M – 96) that may impact the use of this standard.

(1) Ordering Information section has been changed for clarity.
(2) Tolerance references have been added for square and
rectangular wire.

(3) Chemical analysis test methods have been updated.
(4) Other changes made to conform to theASTM Form and
Styleguidelines.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 100 – 03a

Standard Specification for
Wrought Copper-Alloy Bearing and Expansion Plates and
Sheets for Bridge and Other Structural Use 1

This standard is issued under the fixed designation B 100; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification establishes the requirements for
wrought copper-alloy bearing plate and bearing sheets for
application in bridges and other structures. Specifically, the
plates and sheets are to be used for fixed or expansion bearings
where the motion is slow and intermittent with pressures not
exceeding 3 ksi (20 MPa).

1.2 Units—The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units that are provided for
information only and are not considered standard.

2. Referenced Documents

2.1 ASTM Standards:
B 248 Specification for General Requirements for Wrought

Copper and Copper-Alloy Plate, Sheet Strip, and Rolled
Bar2

B 846 Terminology for Copper and Copper Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 9 Compression Testing of Metallic Materials at Room
Temperature3

E 10 Test Method for Brinell Hardness of Metallic Materi-
als3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes5

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric)6

E 255 Practice for Sampling Copper and Copper Alloys for

the Determination of Chemical Composition6

E 478 Test Methods for Chemical Analysis of Copper
Alloys6

3. General Requirements

3.1 The following sections of Specification B 248 constitute
a part of this specification:

3.1.1 Terminology,
3.1.2 Workmanship, Finish, and Appearance,
3.1.3 Sampling,
3.1.4 Number of Tests and Retests,
3.1.5 Specimen Preparation,
3.1.6 Test Methods,
3.1.7 Significance of Numerical Limits,
3.1.8 Inspection,
3.1.9 Rejection and Rehearing,
3.1.10 Certification,
3.1.11 Test Reports,
3.1.12 Packaging and Package Marking, and
3.1.13 Supplementary Requirements.
3.2 In addition, when a section with a title identical to one

of those referenced in 3.1 appears in this specification, it
contains additional requirements that supplement those appear-
ing in Specification B 248.

4. Terminology

4.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Orders for product to this specification should include
the following information:

5.1.1 ASTM specification designation and year of issue,
5.1.2 Copper Alloy UNS No. designation (for example,

C51000),
5.1.3 Dimensions: length, width, thickness (Section 11 and

Table 1),
5.1.4 Quantity or weight for each size,
5.1.5 Temper (Section 8),
5.1.6 When product produced of Copper Alloy UNS No.

C61300 is to be used in applications requiring welding (Table
2, footnote A), and

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved Oct. 1, 2003. Published November 2003. Originally
published in 1935. Last previous edition approved in 2003 as B 100 – 03.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Discontinued; See 2001Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.05.
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5.1.7 When product is purchased for agencies of the U.S.
government (Section 10).

5.2 The following options are available under this specifi-
cation and should be specified in the contract or purchase order
when required:

5.2.1 Heat identification or traceability (Section 6.1.2),
5.2.2 Certification (Specification B 248), and
5.2.3 Test Report (Specification B 248).

6. Material and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be cast bar, slab,

cake, billets, and so forth of Copper Alloy UNS No. C51000,
C51100, C61300, C61400, or C65500 of such purity and
soundness as to be suitable for processing into the products
prescribed herein.

6.1.2 When heat identification or traceability is required, the
purchaser shall specify the details desired in the contract or
purchase order.

6.2 Manufacture:
6.2.1 The product shall be manufactured by hot or cold

working and annealing processes as deemed necessary in order
to produce a uniform wrought structure in the finished product.

6.2.2 The product shall be hot or cold worked to the finished
size and subsequently annealed, when required, to meet the
properties specified.

7. Chemical Composition

7.1 The material shall conform to the chemical requirements
prescribed in Table 2 for the Copper Alloy UNS No. designa-
tion specified in the contract or purchase order.

7.2 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established and determination required by agreement between
the manufacturer or supplier and the purchaser.

7.3 Copper, given as the remainder, may be taken as the
difference between the sum of results of all elements analyzed
and 100 %.

TABLE 1 Thickness and Weight Tolerances

Ordered Weight lb/ft2(kg/m2)A
Weight Tolerance,%

Ordered Thickness, in. (mm)
Thickness Tolerance, %

Over Under Over Under

Plates and Sheets 20 in. (508 mm) and Under in Width

5.0 to 7.5 (24.4 to 36.6), excl 4.5 3.5 Under 1⁄8 (3.18) 9 0
7.5 to 10.0 (36.6 to 48.8), excl 4 3 1⁄8 to 3⁄16 (3.18 to 4.76), excl 8 0
10.0 to 12.5 (48.8 to 61.0), excl 4 2.5 3⁄16 to 1⁄4 (4.76 to 6.35), excl 7 0
12.5 to 15.0 (61.0 to 73.2), excl 3.5 2.5 1⁄4 to 5⁄16 (6.35 to 7.94), excl 6 0
15.0 to 17.5 (73.2 to 85.4), excl 2.5 2.5 5⁄16 to 3⁄8 (7.94 to 9.52), excl 5 0
17.5 to 20.0 (85.4 to 97.6), excl 2.5 2.0 3⁄8 to 7⁄16 (9.52 to 11.1), excl 4.5 0
20 (97.6) or over 2.5 2.0 7⁄16 to 1⁄2 (11.1 to 12.7), excl 4B 0

1⁄2 to 5⁄8 (12.7 to 15.9), excl 3.5B 0
5⁄8 to 3⁄4 (15.9 to 19.0), excl 3B 0
3⁄4 to 1 (19.0 to 25.4), excl 2.5B 0
1 (25.4) or over 2.5B 0

Plates and Sheets Over 20 in. (508 mm) in Width

All weights 5.0 5.0 All thicknesses 10.0 0
A For purposes of calculating weights, cross section, etc., the density of rolled phosphor bronze (Copper Alloy UNS Nos. C51000 and C51100) shall be taken as 0.320

lb/in.3(8.86 g/cm3) and the density of rolled copper silicon alloy (Copper Alloy UNS No. C65500) as 0.308 lb/in.3 (8.53 g/cm3).
B These “Over” thickness tolerances apply to plates and sheets 10 in. (254 mm) and under in width. For plates and sheets over 10 to 20 in. (254 to 508 mm), incl. in

width the “Over” thickness tolerances shall be as follows:
Ordered Thickness, in. (mm)......................Thickness Tolerance, Over, %
7⁄16 to 5⁄8 (11.1 to 15.9), excl....................4.5
5⁄8 to 3⁄4 (15.9 to 19.0), excl.......................4.0
3⁄4 (19.0) or over.......................................3.5

TABLE 2 Chemical Requirements

Element
Composition %

C51000 C51100 C61300 C61400 C65500

Copper (incl Silver) remainder remainder remainder remainder remainder
Phosphorus 0.03–0.35 0.03–0.35 0.015 max. 0.015 max. ...
Tin 4.2–5.8 3.5–4.9 0.20–0.50 ... ...
Silicon ... ... 0.10 max. ... 2.8–3.8
Aluminum ... ... 6.0–7.5 6.0–8.0 ...
Iron 0.10 max. 0.10 max. 2.0–3.0 1.5–3.5 0.8 max.
Manganese ... ... 0.20 max. 1.0 max. 0.5–1.3
Zinc, max. 0.30 0.30 0.10 0.20 1.5 max.
Lead, max. 0.05 0.05 0.01 0.01 0.05
Nickel, max. ... ... 0.15A ... 0.6A

Other named elements ... ... B ... ...
A Ni value includes Co.
B When the product is for subsequent welding applications and is so specified by the purchaser, chromium, cadmium, zirconium, and zinc shall each be 0.05 % max.
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7.4 When all elements listed in Table 2 for the specified
Copper Alloy UNS No. designation are determined, the sum of
results shall be 99.5 % min except for C61300 which shall be
99.8 %.

8. Temper

8.1 The temper of product furnished to this specification,
and as defined in Practice B 601, shall be as follows:

UNS Alloy No. Temper
C51000 H03 (3⁄4 hard)
C51100 H03 (3⁄4 hard)
C65500 H01 (1⁄4 hard)
C61300 M20 (as hot rolled) or 061 (annealed)
C61400 M20 (as hot rolled) or 061 (annealed)

9. Mechanical Property Requirements

9.1 Product in final form shall conform to the requirements
of Table 3.

9.1.1 Product in plate form less than3⁄4 in. (20 mm) in
thickness and product in sheet form shall conform to the tensile
requirements when tested in accordance with Test Method E 8.

9.1.2 Product in plate form3⁄4 in. (20 mm) or over in
thickness shall conform to either tensile or compression
requirements when tested in accordance with Test Method E 8
or Test Method E 9 respectively.

9.1.2.1 In case of dispute, Test Method E 8 shall govern.
9.1.3 The properties of product over 18 in. (460 mm) in

width and over3⁄4 in. (20 mm) in thickness shall be subject to
agreement between the manufacturer and the purchaser.

10. Purchases for U.S. Governmental Agencies

10.1 When identified in the contract or purchase order,
product purchased for agencies of the U.S. government shall
conform to the requirements stipulated in the Supplemental
Requirements section of Specification B 248.

11. Dimensions, Mass and Permissible Variations

11.1 For the purpose of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the specified limiting values for any
dimensions may be cause for rejection.

11.2 The thickness of the plates and sheets may be specified
by weight per square foot (metre) or in common or decimal
fractions of an inch (millimetre). The plates and sheets shall
conform to the requirements prescribed in Table 1 as to
tolerances in weight and thickness.

11.3 Length tolerances for square sheared metal in all
widths 120 in. (3048 mm) and under shall be61⁄16 in. (1.56
mm). When tolerances are specified as all plus or all minus,
double the values given.

11.4 Length tolerances for sawed metal for all widths up to
and including 120 in. (3048 mm) shall be61⁄4 in. (6.35 mm).
When tolerances are specified as all plus or all minus, double
the values given.

11.5 Width tolerances for square sheared metal or sawed
metal for widths up to and including 120 in. (3048 mm) for all
thicknesses shall be61⁄16 in. (1.56 mm). When tolerances are
specified as all plus or all minus, double the values given.

12. Sampling

12.1 Other Tests:
12.1.1 Samples used for the preparation of tensile test

specimen shall be taken so that the longitudinal axis of such
specimen is parallel to the direction of rolling.

13. Number of Tests and Retests

13.1 Tests:
13.1.1 Chemical Analysis—Chemical composition shall be

determined as the average of at least two replicate determina-
tions of each specified element.

13.1.2 Other Tests—Tensile, compression and hardness test
results shall be reported as the average of results obtained from
at least two sample portions selected and each specimen must
meet the requirements of this specification.

13.2 Retests:
13.2.1 When requested by the manufacturer or supplier, a

retest shall be permitted should test results obtained by the
purchaser fail to conform with specification requirements.

13.2.2 Retesting shall be as directed in the product specifi-
cation for the initial test(s), except that the number of test
specimens shall be twice that normally required for the test.

13.2.3 Test results for all specimens shall conform to the
product specification requirements in retest and failure to
conform shall be cause for lot rejection.

14. Specimen Preparation

14.1 Chemical Composition:
14.1.1 Preparation of the test specimen for chemical analy-

sis shall be the responsibility of the reporting laboratory.
14.1.2 In case of dispute, the sample preparation shall be in

accordance with Practice E 255.
14.2 Tensile:
14.2.1 The test specimens shall be prepared in accordance

with Test Method E 8, Figs. 7 or 8. The longitudinal axis of the
specimen shall be parallel to the direction of rolling.

14.3 Compression:
14.3.1 The specimen shall be 1 in.2 (645 mm2) in cross-

sectional area and the height shall be the thickness of the plate
from which the sample is taken.

14.4 Hardness:
14.4.1 The test specimen shall be of a size and shape to

permit testing by available test equipment and shall be taken to
permit testing in a plane parallel or perpendicular to the
direction of deformation given to the product.

TABLE 3 Mechanical Requirements

Tension
Tensile strength, min, ksiA (MPaB) 60 (415)
Elongation in 2 in. (50.8 mm), min, % 10

Compression
Yield strength (0.1 % offset) min, ksiA (MPaB) 25 (170)
Permanent set under 100 ksiA (690) MPaB)% 6–20

Hardness
Plates 1⁄4 in. (6.35 mm) and over in thickness,

Brinell, min
130 HB

Plates under 1⁄4 in. (6.35 mm) in thickness,
Rockwell, min

75 HRB

A ksi = 1000 psi.
B See Appendix.
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14.4.2 The surface of the test specimen shall be sufficiently
smooth and even to permit the accurate determination of
hardness.

14.4.3 The test specimen shall be free from scale and
foreign matter and care shall be taken to avoid any change in
condition, for example, heating or cold working.

15. Test Methods
15.1 Chemical Analysis:
15.1.1 Chemical composition shall be determined, in case of

disagreement, by the following appropriate method:
Element Test Method

Aluminum E 478
Copper E 478
Iron (0.003 to 1.25 %) E 478
Iron (1.0 to 5.0 %) E 54
Lead E 478 (AA)
Manganese E 62
Nickel E 478 (Photometric)
Phosphorus E 62
Silicon E 54 (Sulfuric acid)
Tin E 478
Zinc E 478 (AA)

15.1.2 Test method(s) for the determination of element(s)
required by contractual or purchase order agreement shall be as
agreed upon between the manufacturer or supplier and the
purchaser.

15.2 The product furnished shall conform to the mechanical
property requirements enumerated in this specification when
tested in accordance with the following appropriate method:
Test Test Method

Tensile E 8
Compression E 9
Rockwell Hardness E 18
Brinell Hardness E 10

15.2.1 Tensile requirements shall be determined from full
size specimens when practical. Whenever results are obtained

from full size and machined specimens and they differ, the
results of the full size specimen shall be used.

15.2.1.1 Although a considerable range of testing speed in
permitted, the rate of stressing to yield strength should not
exceed 100 ksi/min (690 MPa/min). Above the yield strength,
the movement per minute of the testing machine head under
load should not exceed 0.5 in./in. (0.5 mm/mm) of gage length
(or distance between grips for full section specimens).

15.2.1.2 Elongation shall be determined as specified in the
first two subsections of the section “Elongation” of Test
Method E 8.

15.2.2 Yield strength for compression requirements shall be
determined by successive application and releases of the load
until 0.1 % offset is determined.

16. Rejection and Rehearing

16.1 Rejection—Refer to Specification B 248.
16.2 Rehearing:
16.2.1 When notified of product rejection, the manufacturer,

or supplier, may make claim for a retest to be conducted by the
manufacturer, or supplier, and the purchaser.

16.2.2 Samples of the rejected product shall be taken in
accordance with the product specification and tested by both
parties following the test method(s) specified in the product
specification, or alternatively, upon agreement of both parties,
an independent laboratory may be selected to perform the
testing following the specified test methods.

17. Keywords

17.1 bearing plates; bearing sheets; bridges; copper-alloy
plates; copper-alloy sheets; expansion bearing plates; expan-
sion bearing sheets; structures; UNS No. C51000; UNS No.
C51100; UNS No. C61300; UNS No. C61400; UNS No.
C65500

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

B 100 – 03a

4



SUMMARY OF CHANGES

Committee B05 has identified the location of selected change to this standard since the last issue (B 100 – 03)
that may impact the use of this standard (approved Oct. 1, 2003).

(1) Added footnote “Ni value includes Co.” to Table 2,
Chemical Requirements.

Committee B05 has identified the location of selected change to this standard since the last issue (B 100 – 97) that may impact
the use of this standard (approved Apr. 10, 2003).

(1) Corrected typographical error in Table 3, Chemical Re-
quirements, for phosphorous in Alloys C61400 and C61300 to
correct UNS value of 0.015 %.
(2) Added Sections 3 and 4 and renumbered remaining sec-
tions.

(3) Clarified footnote “A” of Table 3 to reflect CDA UNS
limits.
(4) Adjusted informational SI values in sections 11.3, 11.4,
11.5, and 15.2.1.1 to reflect the same accuracy as the inch-
pound units.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 101 – 02

Standard Specification for
Lead-Coated Copper Sheet and Strip for Building
Construction 1

This standard is issued under the fixed designation B 101; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for lead-
coated copper sheet and strip in flat lengths (or in coils) in
ounce-weight thicknesses for roofing, flashing, gutters, down-
spouts, and for the general sheet metalwork in building
construction. The lead coating is applied by hot dipping.

1.2 Materials made to this specification are not intended for
electrical applications.

1.3 Units—The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units, which are provided for
information only and are not considered standard.

NOTE 1—A companion specification for copper sheet and strip for
building construction is Specification B 370.

1.4 The following hazard caveat pertains to the test method
portion, Section 17, of this specification.This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 The following documents in the current issue of the
Annual Book of ASTM Standardsform a part of this specifi-
cation to the extent referenced herein:

2.2 ASTM Standards:
B 248 Specification for General Requirements for Wrought

Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar2

B 370 Specification for Copper Sheet and Strip for Building
Construction2

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 37 Test Methods for Chemical Analysis of Pig Lead4

E 46 Test Methods for Chemical Analysis of Lead- and
Tin-Base Solders5

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)4

E 112 Test Methods for Determining Average Grain Size3

E 478 Test Methods for Chemical Analysis of Copper
Alloys6

3. General Requirements

3.1 The following sections of Specification B 248 constitute
a part of this specification:

3.1.1 Significance of numerical limits,
3.1.2 Inspection,
3.1.3 Rejection and rehearing,
3.1.4 Certification,
3.1.5 Mill test reports, and
3.1.6 Packaging and package marking.

4. Terminology

4.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

4.2 Definitions of Terms Specific to This Standard:
4.2.1 coil—a length of the product wound into a series of

connected turns.
4.2.1.1 Discussion—The unqualified term “coil” as applied

to “flat product” usually refers to a coil in which the product is
spirally wound, with the successive layers on top of one
another. (Sometimes called a “roll.”)

1 This specification is under the jurisdiction of Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved Apr. 10, 2002. Published June 2002. Originally
published as B 101 – 35 T. Last previous edition B 101 – 01.

2 Annual Book of ASTM Standards, Vol 02.01.

3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.05.
5 Discontinued, see1994 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.06.
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4.2.2 lead-coated copper sheet (for building construction),
n—a rolled flat product over 24 in. (610 mm) in width and of
ounce-weight thickness from 8 oz (227 g) to 48 oz (1361 g).

4.2.3 lead-coated strip (for building construction), n—a
rolled flat product up to and including 24 in. (610 mm) in width
and of ounce-weight thickness from 8 oz (227 g) to 48 oz (1361
g).

4.2.4 lengths, mill, n—straight lengths, including ends, that
are conveniently manufactured in the mills.

4.2.4.1 Discussion—Full length pieces are usually 8, 10, or
12 ft (2.44, 3.05, or 3.66 m) and subject to established length
tolerances.

4.2.5 lengths, specific, n—straight lengths that are uniform
in length, as specified, and subject to established length
tolerances.

4.2.6 ounce-weight—the weight of uncoated copper sheet or
strip expressed in ounces per square foot.

4.2.7 thickness, ounce-weight, n—the metal thickness that
corresponds to the ounce weight.

5. Ordering Information

5.1 Include the following information:
5.1.1 ASTM designation and year of issue.
5.1.2 Temper (Section 8 and Table 1),
5.1.3 How furnished: flat lengths or in coils,
5.1.4 Quantity: total weight or sheets of each size,
5.1.5 Ounce-weight or ounce-weight thickness of the un-

coated copper sheet or strip (Table 2),
5.1.6 Dimensions: width and length (Section 12),
5.1.7 Certification, where required (see 5.1.4),
5.1.8 Mill test report, where required (see 5.1.5), and
5.1.9 If the material being purchased is intended for use by

agencies of the U.S. government, refer to Section 11.
5.1.10 Other variations in coating or texture shall be fur-

nished by agreement in writing between the purchaser and the
manufacturer or supplier.

6. Materials and Manufacture

6.1 Materials:
6.1.1 The lead coating shall conform to the chemical re-

quirements of Table 3.
6.1.2 The copper sheet or strip to be lead coated shall be

manufactured by any process that provides a finished product
that conforms to the requirements of Specification B 370.

6.2 Manufacture:
6.2.1 The lead coating shall be applied to the copper sheet or

strip by hot dipping in a bath of molten lead.

6.2.2 Unless otherwise specified, the lead coating shall be
applied to the copper sheet or strip after slitting and cutting to
the specified length.

7. Chemical Composition

7.1 The copper sheet or strip shall have a minimum copper,
including silver, content of 99.5 %.

7.2 Any copper that complies with 7.1 shall be acceptable.
7.3 If limits for unnamed elements are required, they shall

be established and analysis required by agreement between
manufacturer or supplier and purchaser.

7.4 The lead coating shall conform to the chemical require-
ments of Table 3.

8. Temper

8.1 Uncoated copper sheet and strip covered by this speci-
fication is commercially available in the following tempers, as
defined by Classification B 601: O60 (soft annealed); H00
(eight hard, cold-rolled); and H01 (quarter hard), cold-rolled
high yield) (see Table 1).

9. Physical Property Requirements

9.1 Although no minimum grain size is specified for soft-
temper material, it shall be fully recrystallized.

TABLE 1 Mechanical Properties of Uncoated Sheet

Temper Designation Tensile Strength, ksiA (MPa)
Yield Strength, at
0.5 % Extension
Under Load, min,

ksi (MPa)

Approximate Rockwell HardnessB

(for Information Only)

Standard Former Min Max
F Scale Superficial 30 T

Min Max Min Max
O60 soft 30 (210) 38 (265) ... ... 65 ... 31
H00 cold-rolled 32 (225) 40 (280) 20 (140) 54 82 15 49
H01 cold-rolled (high yield) 34 (240) 42 (295) 28 (195) 60 84 18 51

A ksi = 100 psi.
B Rockwell hardness values apply as follows: The F scale applies to metal 0.020 in. (0.508 mm) and over in thickness; the superficial 30T scale applies to metal 0.012

in. (0.305 mm) to 0.020 in. (0.508 mm) in thickness.

TABLE 2 Sheet Weights

Nominal Weights and Thickness
of Bare Copper Sheets

Minimum Weight of
Lead–Coated
Copper Sheet

Ounce-Weight,
oz/ft2

Ounce-Weight
ThicknessA, in. (mm)

oz/ft2 (g/m2)

24 0.0323 (0.820) 24.8 (7560)
20 0.0270 (0.686) 21.0 (6405)
16 0.0216 (0.549) 17.0 (5185)
12 0.0162 (0.411) 13.0 (3960)

ABased upon a density of 0.322 lb/in.3 (8.91 g/cm3).

TABLE 3 Chemical Requirements for Lead
Used to Coat Copper Sheet

Element Composition, max, %

Silver 0.02
Copper 0.08
Arsenic plus antimony 0.10
Zinc 0.005
Iron 0.01
Bismuth 0.08
Lead remainder
Tin 3.0-4.0
Phosphorus 0.03

B 101 – 02
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10. Mechanical Property Requirements

10.1 Tensile Strength Requirements:
10.1.1 The uncoated product furnished under this specifica-

tion shall conform to the tensile requirements prescribed in
Table 1 when tested in accordance with Test Methods E 8.
Tension test specimens shall be taken so that the longitudinal
axis of such specimens is parallel to the direction of rolling.

10.2 Rockwell Hardness:
10.2.1 The approximate Rockwell hardness values given in

Table 1 are for general information and assistance in testing
and shall not be used as a basis for product rejection.

NOTE 2—The Rockwell hardness test offers a quick and convenient
method of checking for general conformity to the specification require-
ments for temper and tensile strength.

11. Purchases for the U.S. Government

11.1 When specified in the contractor purchase order, prod-
uct purchased for an agency of the U.S. government shall
conform to the special government requirements specified in
the Supplementary Requirements section of Specification
B 248.

12. Dimensions, Mass, and Permissible Variations

12.1 Weight—The weight of the lead-coated sheet and strip
copper shall conform to the minimum requirements of Table 2.

12.2 Width—The tolerances for width of sheets shall be as
shown in Table 4.

12.3 Length—Sheets ordered to exact lengths shall be
permitted to have a variation of +1⁄4 in. (+6.5 mm) in length.

12.4 Straightness—The tolerances on straightness or edge-
wise curvature (depth of arc) in any 72-in. (2-m) portion of the
total length shall be as specified in Table 5 for slit metal and
Table 6 for square-sheared metal.

13. Workmanship, Finish and Appearance

13.1 Lead Coating:
13.1.1 The lead coating shall uniformly cover both surfaces,

edges, and ends.
13.1.2 The coating shall be smooth and free from pinholes,

voids, or unwetted areas, but blemishes of a nature that do not
interfere with the intended application are acceptable.

13.1.3 The weight of the lead coating shall conform to the
requirements of Table 7.

14. Sampling

14.1 Refer to Specification B 248 for chemical and me-
chanical properties.

14.2 Weight of Coating Tests:
14.2.1 Method A—Test ten sheets selected at random.
14.2.2 Methods B and C—Test four representative samples

cut from the diagonal of one sheet selected at random.

15. Number of Tests and Retests

15.1 Tests:
15.1.1 Refer to the section of Specification B 248 for

chemical and mechanical tests.
15.1.2 A test on each specimen taken in 14.2.1 or 14.2.2, as

applicable, shall be made for the determination of lead.
15.2 Retests:
15.2.1 When a specimen fails to meet the requirements of a

test, one retest shall be made under the conditions of the
original test.

15.2.2 All specimens must conform to test requirements
when retested or the material may be rejected.

16. Specimen Preparation

16.1 Refer to Specification B 248 for the chemical and
mechanical property test specimen preparation.

16.2 Weight of Coating Tests:
16.2.1 Refer to 17.4.1 of this specification for Method A.
16.2.2 Refer to 17.4.2 of this specification for Method B.
16.2.3 Refer to 17.4.3 of this specification for Method C.

17. Test Methods

17.1 Chemical Composition:
17.1.1 Chemical composition, in case of dispute, shall be

determined as follows:
Element Range, % Test Method

Copper 99.0 min E 478
0.001 to 0.1 E 37

Lead 95.0 to 100 by difference
Tin 0.001 to 0.02 E 37

1 to 4 E 46
Silver 0.001 to 0.03 E 37
Arsenic 0.0005 to 0.02 E 37
Antimony 0.001 to 0.03 E 37
Zinc 0.001 to 0.005 E 37
Iron 0.0005 to 0.005 E 37
Bismuth 0.002 to 0.2 E 37
Phosphorous 0.001 to 0.03 E 62

TABLE 4 Width Tolerances

Width, in. (mm) Tolerances, in. (mm)

5 (125) and under +0.025 (0.6) − 0
Over 5 – 14 (125–355), incl +0.050 (1.2) − 0
Over 14 (355) +0.125 (3.2) − 0

TABLE 5 Straightness Tolerances for Slit Metal

Width, in. (mm) Straightness Tolerance, in. (mm)
Over 4 to 24 (102 to 610), incl 1⁄2 (13)

TABLE 6 Straightness Tolerances for Square-Sheared Metal

NOTE 1—Maximum edgewise curvature (depth of arc) in any 72-in.
(1.83-m) portion of the total length (not applicable to metal over 120 in.
(3.05 m) in length.

Straightness Tolerances, in. (mm)
Up to 10 in. (254 mm)

incl. in Width
Over 10 in. (254 mm)

in Width
All thicknesses 1⁄16 (1.6) 1⁄32 (0.8)

TABLE 7 Weight of Lead Coating, lb (kg) A

Min Max
12 (5.4) 15 (6.8)

A The weight of coating specified is the total weight of lead applied to two sides
of 100 ft2(9.3 m2) of copper sheet, approximately one half of the coating to be on
each side of the sheet.
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17.1.2 Test method(s) used for the determination of ele-
ment(s) required by contractual or purchase order agreement
shall be agreed upon between the manufacturer and the
purchaser.

17.2 Grain Recrystalization—Recrystalization shall be de-
termined in accordance with Test Methods E 112.

17.3 Mechanical Requirements:
17.3.1 Tensile Strength—Tensile strength shall be deter-

mined in accordance with Test Methods E 8.
17.3.2 Yield Strength—Yield strength shall be determined at

0.5 % extension-underload of Test Methods E 8.
17.3.3 Test results are not seriously affected by variations in

speed or testing. A considerable range of testing speed is
permitted; however, the rate of stressing to the yield strength
should not exceed 100 ksi/min. Above the yield strength, the
movement per minute of the testing machine head under load
should not exceed 0.5 in./in. of gage length (or distance
between grips for full-section specimens).

17.4 Weight of Coating Test—When testing is specified, the
determination of the lead coating shall be made in accordance
with one of the three following methods:

17.4.1 Method A—Select at random ten sheets from those
being coated. Weigh these ten sheets before and after coating
and calculate the weight of the coating from the difference in
weight on the basis of the ordered size.

17.4.2 Method B—Select at random one sheet from the
lead-coated sheets furnished. Cut four representative samples
21⁄4 by 21⁄4 in. (60 by 60 mm) from each sheet, uniformly
spaced along a diagonal, the end samples being taken not less
than 1 in. (25 mm) from the edge. Weigh and then completely
dissolve the four samples of sheet obtained. Determine the
copper by electrolytic assay in accordance with Test Method

E 478. Calculate the weight of the lead coating as the differ-
ence between the total weight of the samples and the weight of
copper found.

17.4.3 Method C—Select at random one sheet from the
lead-coated sheets furnished. Cut four representative samples
21⁄4 by 21⁄4 in. (60 by 60 mm) from the sheet, uniformly spaced
along a diagonal, the end samples being taken not less than 1
in. (25 mm) from the edge. After removing the burrs, clean
each sample and rinse with alcohol and ether. Obtain the
weight of the specimens and the weight of the coating from
measurements taken of the specific gravity or density of these
samples as determined by the usual method of weighing in air
and in water.

17.4.4 Calculations are as follows:

Weight of lead coating, lb/100 ft2 5 ~29.12 259/D!W (1)

Weight of bare copper sheet, oz/ft2 5 ~41.5/D 2 3.66!W (2)

where:
W = weight of the sample in air, g;
D = density of the sample = (W3 Dt)(W − M);
Dt = density of water at room temperature; and
M = weight of the sample in water, g.

NOTE 3—To convert lb/100 ft2 to kg/m2, multiply by 0.0488. To convert
oz/ft2 to kg/m2, multiply by 0.305.

17.4.5 In case of dispute, the weight of the coating shall be
determined by Method B.

18. Keywords

18.1 building construction; downspouts; flashing; lead-
coated copper sheet and strip; roofing; sheet metal-sheet strip
in flat lengths/coils for building construction

SUPPLEMENTARY REQUIREMENTS

Refer to the section on Supplementary Requirements in Specification B 248.

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force that, when applied to a body having a mass of one
kilogram, gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 984 757 Pa, the metric equiva-
lents are expressed as megapascals (Mpa), which is the same as
MN/m2 and M/mm2.
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 101 – 01)
that may impact the use of this standard.

(1) Revised values for minimum weight of lead-coated copper
sheet in Table 2. Other tables are unchanged.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 103/B 103M – 98 e2

Standard Specification for
Phosphor Bronze Plate, Sheet, Strip, and Rolled Bar 1

This standard is issued under the fixed designation B 103/B 103M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

e1 NOTE—Table 2 was editorially corrected in October 1999.
e2 NOTE—Table 2 was editorially corrected in February 2003.

1. Scope *

1.1 This specification establishes copper-tin alloy (phosphor
bronze), copper-tin-lead alloy (leaded phosphor bronze), and
copper-tin-lead-zinc alloy (bearing bronze), plate, sheet, strip,
and rolled bar. The phosphor bronzes commonly are used for
deep drawing into bellows and stamping and forming into
spring devices and into terminals and connectors for electrical
apparatus because they combine high strength with high
elongation. The leaded phosphor bronzes are used where
strength, corrosion resistance, and machinability are required.
The bearing bronze is used in bushings, bearings, and load-
bearing thrust washers. The following alloys are covered:

Copper Alloy
UNS No.2

Nominal Composition, % Previously Used
DesignationCopper Tin Zinc Lead

C51000 95 5 . . . . . . A1
C51100 96 4 . . . . . . A
C51900 94 6 . . . . . .
C52100A 92 8 . . . . . . C
C52400 90 10 . . . . . . D
C53400 94 5 . . . 1 B1
C54400 88 4 4 4 B2

__________________
ASAE Specification CA 521 conforms to the requirements of UNS No. C52100.

NOTE 1—All of the above alloys contain small amounts of phosphorus,
used as a deoxidant in melting, and to enhance the mechanical properties.

1.2 The values stated in either inch-pound units or SI units
are to be regarded separately as standard. Within the text, the
SI units are shown in brackets. The values stated in each
system are not exact equivalents; therefore, each system shall
be used independently of the other. Combining values from the
two systems may result in nonconformance with the specifi-
cation.

2. Referenced Documents

2.1 ASTM Standards:
B 248 Specification for General Requirements for Wrought

Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar3

B 248M Specification for General Requirements for
Wrought Copper and Copper-Alloy Plate, Sheet, Strip, and
Rolled Bar [Metric]3

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]4

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes5

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Method)5

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper Nickel-Zinc Alloys5

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition5

E 478 Test Methods for Chemical Analysis of Copper
Alloys6

E 527 Practice for Numbering Metals and Alloys7

3. Terminology

3.1 Definitions— For definitions of terms used in this
specification, refer to Terminology B 846.

4. Ordering Information

4.1 Contracts or purchase orders for product under this
specification should include the following information:

4.1.1 ASTM designation and year of issue (for example,
B 103/B 103M–98);

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved May 10, 1998. Published December 1998. Originally
published as B 103 – 36 T. Last previous edition B 103 – 93.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.06.
7 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.2 Copper Alloy UNS No. designation (for example,
C51000);

4.1.3 Temper (Section 8);
4.1.4 Dimensions: thickness, width, length, and so forth

(Section 12);
4.1.5 Form: plate, sheet, strip, or rolled bar;
4.1.6 How furnished: coils, specific length or stock lengths,

with or without ends;
4.1.7 Quantity: total weight each form, temper, and size;

and,
4.1.8 When material is purchased for agencies of the U.S.

Government (Section 11).
4.2 The following options are available under this specifi-

cation and should be specified in the contract or purchase order
when required.

4.2.1 Type of edge: slit, sheared, sawed, square corners,
round corners, rounded edges, or full rounded edges;

4.2.2 Width and straightness tolerances (Section 12);
4.2.3 Heat identification or traceability details;
4.2.4 Certification, and
4.2.5 Mill test report.

5. General Requirements

5.1 The following sections of Specification B 248 constitute
a part of this specification.

5.1.1 Terminology,
5.1.2 Materials and Manufacturing,
5.1.3 Workmanship, Finish, and Appearance,
5.1.4 Sampling, Except for Chemical Analysis,
5.1.5 Number of Tests and Retests,
5.1.6 Specimen Preparation,
5.1.7 Test Methods, Except for Chemical Analysis,
5.1.8 Significance of Numerical Limits,
5.1.9 Inspection,
5.1.10 Rejection and Rehearing,
5.1.11 Certification,
5.1.12 Test Reports (Mill),
5.1.13 Packaging and Package Marking, and
5.1.14 Supplementary Requirements.
5.2 In addition, when a section with a title identical to that

referenced in 5.1, appears in this specification, it contains
additional requirements, which supplement those appearing in
Specification B 248.

6. Materials and Manufacture

6.1 Materials:

6.1.1 The material of manufacture shall be a cast bar, cake,
slab, or Copper Alloy UNS No. C51000, C51100, C51900,
C52100, C52400, C53400, or C54400 as specified in the
ordering information.

6.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 2—Because of the discontinuous nature of the processing of
castings into wrought products, it is not always practical to identify a
specific casting analysis with a specific quantity of finished material.

6.2 Manufacture:
6.2.1 The product shall be manufactured by such hot work-

ing, cold working, and annealing processes as to produce a
uniform wrought structure in the finished product.

6.2.2 The product shall be hot or cold worked to the finished
size and subsequently annealed, when required, to meet the
temper properties specified.

6.2.3 Edges—Slit edges shall be furnished unless otherwise
specified in the contract or purchaser order.

7. Chemical Composition

7.1 The materials shall conform to the chemical composi-
tional requirements specified in Table 1 for the copper alloy
UNS No. designation specified in the order.

7.2 These composition limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established and analysis required by agreement between manu-
facturer or supplier and purchaser.

7.3 Copper, specified as the “remainder,” may be taken as
the difference between the sum of all the elements analyzed
and 100 %. When all the elements in Table 1 are analyzed, the
sum of results for each alloy shall be 99.5 % min.

8. Temper

8.1 M20 (as Hot-Rolled Material)—The standard temper of
sheet and plate produced by hot rolling and is as designated in
Table 2.

8.2 H (Rolled Material)—The standard tempers of rolled
material are as designated in Table 2 with prefix “H.” Former
designations and the standard designations as defined in
Practice B 601 are shown.

NOTE 3—The properties of special and nonstandard tempers are subject
to agreement between the manufacture and purchaser.

8.3 O60 (Annealed)— The standard temper is O60 (soft), as
indicated in Table 2.

TABLE 1 Chemical Requirements

Composition, %

Element Copper Alloy UNS No.

C51000 C51100 C51900 C52100 C52400 C53400A C54400A

Tin 4.2-5.8 3.5-4.9 5.0-7.0 7.0-9.0 9.0-11.0 3.5-5.8 3.5-4.5
Phosphorus 0.03-0.35 0.03-0.35 0.03-0.35 0.03-0.35 0.03-0.35 0.03-0.35 0.01-0.50
Iron, max 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Lead 0.05 max 0.05 max 0.05 max 0.05 max 0.05 max 0.8-1.2 3.5-4.5
Zinc 0.30 max 0.30 max 0.30 max 0.20 max 0.20 max 0.30 max 1.5-4.5
Copper remainder remainder remainder remainder remainder remainder remainder

AWhen specified for bearings, the phosphorus content shall be maintained from 0.01 to 0.15 %.
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TABLE 2 Tensile Strength Requirements and Approximate Rockwell Hardness Values

NOTE 1—Plate is generally available in only the as hot-rolled (M20) temper. Required properties for other tempers shall be agreed upon between the
manufacturer purchaser at the time of placing the order.

Temper DesignationA

Thickness, in. [mm]

Tensile Strength, ksiB

[MPa]
Approximate Rockwell Hardness

Standard Former Min Max B Scale Superficial

Copper Alloy UNS No. C51000

M20 as hot-rolled Over 0.188 [4.775] 40 [275] 60 [415] . . . . . .
O60 soft Over 0.039 [0.991] 43 [295] 58 [400] 16-64 . . .

Over 0.029 [0.737] . . . 32-59
Over 0.020 [0.508] to 0.039 [0.991] incl 12-60 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 24-53

0.003 [0.076] to 0.010 [0.254] incl
H02 half-hard Over 0.039 [0.991] 58 [400] 73 [505] 64-85 . . .

Over 0.029 [0.737] . . . 59-73
Over 0.02 [0.508] to 0.039 [0.991] incl 60-82 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 53-69

0.003 [0.076] to 0.010 [0.254] incl
H04 hard Over 0.039 [0.991] 76 [525] 91 [625] 86-93 . . .

Over 0.029 [0.737] . . . 73-78
Over 0.020 [0.508] to 0.039 [0.991] incl 84-91 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 71-75

0.003 [0.076] to 0.010 [0.254] incl
H06 extra-hard Over 0.039 [0.991] 88 [606] 103 [710] 92-96 . . .

Over 0.029 [0.737] . . . 77-81
Over 0.020 [0.508] to 0.039 [0.991] incl 89-95 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 74-78

0.003 [0.076] to 0.010 [0.254] incl
H08 spring Over 0.039 [0.991] 95 [655] 110 [760] 94-98 . . .

Over 0.029 [0.737] . . . 79-82
Over 0.020 [0.508] to 0.039 [0.991] incl 92-97 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 76-80

0.003 [0.076] to 0.010 [0.254] incl
H10 extra-spring Over 0.039 [0.991] 100 [690] 114 [790] 96-99 . . .

Over 0.029 [0.737] . . . 80-83
Over 0.020 [0.508] to 0.039 [0.991] incl 94-98 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 77-81

0.003 [0.076] to 0.010 [0.254] incl

Copper Alloy UNS Nos. C51100, C53400, and C54400

M20 as hot-rolled Over 0.188 [4.775] 40 [275] 58 [415] . . . . . .
O60 soft Over 0.039 [0.991] 40 [275] 55 [380] 7-50 . . .

Over 0.029 [0.737] . . . 24-50
Over 0.020 [0.508] to 0.039 [0.991] incl 0-45 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 16-46

H02 half-hard Over 0.039 [0.991] 55 [380] 70 [45] 60-81 . . .
Over 0.029 [0.737] . . . 57-73
Over 0.020 [0.508] to 0.039 [0.991] incl 53-78 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 52-71

H04 hard Over 0.039 [0.991] 72 [496] 87 [600] 82-90 . . .
Over 0.029 [0.737] . . . 71-77
Over 0.020 [0.506] to 0.039 [0.991] incl 80-86 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 69-75

H06 extra-hard Over 0.039 [0.991] 84 [580] 99 [685] 88-94 . . .
Over 0.029 [0.737] . . . 75-80
Over 0.020 [0.506] to 0.039 [0.991] incl 86-92 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 73-78

H08 spring Over 0.039 [0.991] 91 [625] 106 [720] 90-98 . . .
Over 0.029 [0.737] . . . 77-81
Over 0.020 [0.508] to 0.039 [0.991] incl 86-94 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 75-79

H10 extra-spring Over 0.039 [0.991] 96 [680] 108 [750] 92-97 . . .
Over 0.029 [0.737] . . . 78-82
Over 0.020 [0.508] to 0.039 [0.991] incl 89-94 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 76-80
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TABLE 2 Continued

Temper DesignationA

Thickness, in. [mm]

Tensile Strength, ksiB

[MPa]
Approximate Rockwell Hardness

Standard Former Min Max B Scale Superficial

Copper Alloy UNS No. C51900

O60 soft Over 0.039 [0.991] 48 [330] 63 [435] 22-66 . . .
Over 0.029 [0.737] . . . 35-64
Over 0.020 [0.508] to 0.039 [0.991] incl 18-63 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 25-57

H02 half-hard Over 0.039 [0.991] 64 [440] 79 [545] 70-88 . . .
Over 0.029 [0.737] . . . 63-76
Over 0.020 [0.508] to 0.039 [0.991] incl 65-85 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 58-72

H04 hard Over 0.039 [0.991] 80 [550] 96 [680] 89-95 . . .
Over 0.029 [0.737] . . . 74-80
Over 0.020 [0.508] to 0.039 [0.991] incl 86-93 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 72-78

Copper Alloy UNS No. C52100

M20 as hot-rolled Over 0.188 [4.775] 50 [345] 78 [485] . . . . . .
O60 soft Over 0.039 [0.991] 53 [365] 67 [460] 29-70 . . .

Over 0.029 [0.737] . . . 38-68
Over 0.020 [0.508] to 0.039 [0.991] incl 20-66 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 27-62

H02 half-hard Over 0.039 [0.991] 69 [475] 84 [580] 76-91 . . .
Over 0.029 [0.737] . . . 67-78
Over 0.020 [0.508] to 0.039 [0.991] incl 69-88 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 63-75

H04 hard Over 0.039 [0.991] 85 [585] 100 [690] 91-97 . . .
Over 0.029 [0.737] . . . 76-81
Over 0.020 [0.508] to 0.039 [0.991] incl 89-95 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 73-80

H06 extra-hard Over 0.039 [0.991] 97 [670] 112 [770] 95-100 . . .
Over 0.029 [0.737] . . . 78-83
Over 0.020 [0.508] to 0.039 [0.991] incl 93-98 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 77-82

H08 spring Over 0.039 [0.991] 105 [720] 119 [820] 97-102 . . .
Over 0.029 [0.737] . . . 79-84
Over 0.020 [0.508] to 0.039 [0.991] incl 95-100 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 78-83

H10 extra-spring Over 0.039 [0.991] 110 [760] 122 [830] 98-103 . . .
Over 0.029 [0.737] . . . 80-84
Over 0.020 [0.508] to 0.039 [0.991] incl 96-101 . . .
Over 0.010 [0.254] to 0.029 [0737] incl . . . 79-83

Copper Alloy UNS No. C52400

M20 as hot-rolled Over 0.188 [4.775] 55 [380] 75 [515] . . . . . .
O60 soft Over 0.039 [0.991] 58 [400] 73 [506] 35-75 . . .

Over 0.029 [0.737] . . . 40-78
Over 0.020 [0.508] to 0.039 [0.991] incl 25-71 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 29-84

H02 half-hard Over 0.039 [0.991] 76 [525] 91 [625] 78-96 . . .
Over 0.029 [0.737] . . . 67-80
Over 0.020 [0.508] to 0.039 [0.991] incl 74-93 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 63-77

H04 hard Over 0.039 [0.991] 94 [650] 109 [750] 94-101 . . .
Over 0.029 [0.737] . . . 78-82
Over 0.020 [0.508] to 0.039 [0.991] incl 92-100 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 75-81

H06 extra-hard Over 0.039 [0.991] 107 [740] 122 [830] 98-103 . . .
Over 0.029 [0.737] . . . 80-84
Over 0.020 [0.508] to 0.039 [0.991] incl 97-102 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 79-83

H08 spring Over 0.039 [0.991] 115 [790] 129 [890] 99-104 . . .
Over 0.029 [0.737] . . . 81-85
Over 0.020 [0.508] to 0.039 [0.991] incl 98-103 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 80-84

H10 extra-spring Over 0.039 [0.991] 120 [830] 133 [920] 100-106 . . .
Over 0.029 [0.737] . . . 82-86
Over 0.020 [0.508] to 0.039 [0.991] incl 99-104 . . .
Over 0.010 [0.254] to 0.029 [0.737] incl . . . 81-85

A Standard designations defined in Practice B 601.
B ksi = 1000 psi.
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9. Grain Size of Annealed Tempers

9.1 Other than O60 (soft) temper, as indicated in Table 2,
annealed tempers are special, and the material shall conform to
grain size requirements agreed upon between manufacturer and
purchaser as defined in Practice B 601.

10. Mechanical Property Requirements

10.1 Tensile Strength Requirements:
10.1.1 Products ordered to this specification in inch-pound

units shall be tested in accordance with Test Methods E 8 and
shall conform to tensile strength requirements prescribed in ksi
units in Table 2.

10.1.2 Products ordered to this specification in SI units shall
be tested in accordance with Test Methods E 8M, and shall
conform to tensile strength requirements prescribed in MPa
units in Table 2.

10.1.3 Acceptance or rejection based on mechanical prop-
erties shall depend only on the tensile strength.

10.1.4 The tension test specimens shall be taken so the
longitudinal axis of the specimens is parallel to direction of
rolling.

10.2 Rockwell Hardness:
10.2.1 The approximate Rockwell hardness values given in

Table 2 are for general information and assistance in testing
and shall not be used as a basis for product rejection.

NOTE 4—The Rockwell hardness test offers a quick and convenient
method of checking for general conformity to the specification require-
ments for temper, tensile strength, and grain size.

11. Other Requirements

11.1 Purchases for U.S. Government Agencies—When
identified in the contract or purchase order, product purchased
for agencies of the U.S. Government shall conform to the
special government requirements stipulated in the supplemen-
tal requirements given in Specification B 248.

12. Dimensions, Mass, and Permissible Variations

12.1 The dimensions and tolerances for product described
by this specification shall be as specified in Specification B 248
with particular reference to the following tables and related
paragraphs in that specification.

12.1.1 Thickness:
12.1.1.1Tolerances—See Table 1.
12.1.2 Width:
12.1.2.1Tolerances for Slit Metal and Slit Metal with Rolled

Edges—See Table 4.
12.1.2.2Tolerances for Square-Sheared Metal—See Table

5.
12.1.2.3Tolerances for Sawed Metal—See Table 6.
12.1.3 Length:
12.1.3.1Tolerances for Straight Lengths—See Table 7.
12.1.3.2Schedule of Minimum Lengths with Ends—See

Table 8.
12.1.3.3Tolerances for Squared-Sheared Metal—See Table

9.
12.1.3.4Tolerances for Sawed Metal—See Table 10.
12.1.4 Straightness:
12.1.4.1Tolerances for Slit Metal or Slit Metal Either

Straightened or Edge-Rolled—See Table 11.

12.1.4.2Tolerances for Squared Sheared Metal—See Table
12.

12.1.4.3Tolerance for Squared Sheared Metal—See Table
13.

12.1.5 Edges:
12.1.5.1Tolerances for Radius of Square Edges—See Table

14.
12.1.5.2Tolerances for Radius of Round Corners—See

Table 15.
12.1.5.3Tolerances for Radius of Round Edges—See Table

16.
12.1.5.4Tolerances for Radius of Full-Rounded Edges—

See Table 17.

13. Sampling

13.1 Chemical Analysis:
13.1.1 The sample for chemical analysis shall be taken from

the pieces selected and combined into one composite sample in
accordance with Practice E 255 for product in its final form.
The minimum weight of the composite sample shall be 150 g.

13.1.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of taking
samples at the time the castings are poured or by taking
samples from the semi-finished product.

13.1.2.1 When composition of the material has been deter-
mined during the course of manufacture, sampling of the
finished product by the manufacturer is not required.

13.1.3 The number of samples to be taken for determination
of chemical composition shall be as follows.

13.1.3.1 When sampled at the time the castings are poured,
at least one sample shall be taken for each group of castings
poured from the same source of molten metal.

13.1.3.2 When sampled from the semi-finished product, at
least one sample shall be taken to represent each 10 000 lb, or
fraction thereof, except that not more than one sample shall be
required per piece.

13.1.3.3 Only one sample need be taken from the semi-
finished product of one cast bar from a single furnace melt
charge continuously processed.

13.1.3.4 When the material is cast in the horizontal continu-
ous casting mode, at least one sample will be taken to represent
the composition of the holder per cast coil.

14. Test Methods

14.1 Chemical Analysis:
14.1.1 Chemical composition shall be determined, in case of

disagreement, by the following appropriate methods:
Element Test Method

Copper E 478
Iron E 75 (AA)
Lead E 478 (AA)
Phosphorus E 62
Tin E 478 (Photometric)
Zinc E 478 (AA)

14.1.2 Test methods(s) used for the determination of ele-
ment(s) required by contractual or purchase order agreement
shall be as agreed upon between the manufacturer and the
purchaser.
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15. Keywords

15.1 copper-tin alloy plate; copper-tin alloy rolled bar;
copper-tin alloy sheet; copper-tin alloy strip; copper-tin-lead
alloy plate; copper-tin-lead alloy rolled bar; copper-tin-lead

alloy sheet; copper-tin-lead alloy strip; copper-tin-lead-zinc
alloy plate; copper-tin-lead-zinc alloy rolled bar; copper-tin-
lead-zinc alloy sheet; copper-tin-lead-zinc alloy strip

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
B 103/B 103M-93 that may impact the use of this standard.

The standard has changed editorially as a result of the current
outline of form. No technical changes to the tables have been
made.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 111 – 98 (Reapproved 2004)

Standard Specification for
Copper and Copper-Alloy Seamless Condenser Tubes and
Ferrule Stock 1

This standard is issued under the fixed designation B 111; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification2 covers seamless tube and ferrule
stock of copper and various copper alloys up to 31⁄8 in.,
inclusive, in diameter, for use in surface condensers, evapora-
tors, and heat exchangers. Tubes for this application are
normally made from the following coppers or copper alloys:3

Copper or
Copper
Alloy

UNS No.

Previously
Used

Designation Type of Metal

C10100 OFE Oxygen-free electronic
C10200 OFA Oxygen-free without residual deoxidants
C10300 . . . Oxygen-free, extra low phosphorus
C10800 . . . Oxygen-free, low phosphorus
C12000 DLPA Phosphorized, low residual phosphorus
C12200 DHPA Phosphorized, high residual phosphorus
C14200 DPAA Phosphorized, arsenical
C19200 . . . Phosphorized, 1 % iron
C23000 . . . Red Brass
C28000 . . . Muntz Metal
C44300 . . . Admiralty Metals, B, C, and D
C44400
C44500
C60800 . . . Aluminum Bronze
C61300 . . . . . .
C61400 . . . Aluminum Bronze, D
C68700 . . . Aluminum Brass, B
C70400 . . . 95-5 Copper-Nickel
C70600 . . . 90-10 Copper-Nickel
C71000 . . . 80-20 Copper-Nickel
C71500 . . . 70-30 Copper-Nickel
C71640 . . . Copper-nickel-iron-manganese
C72200 . . . . . .

A Designations listed in Classification B 224.

NOTE 1—A complete metric companion to Specification B 111 has been
developed—B 111M; therefore, no metric equivalents are presented in this
specification.

NOTE 2— Warning—Mercury is a definite health hazard in use and
disposal. (See 12.1.)

1.2 The following safety hazards caveat pertains only to the
test methods portion, Section 18, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:4

B 153 Test Method for Expansion (Pin Test) of Copper and
Copper-Alloy Pipe and Tubing

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys

B 170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes

B 224 Classification of Coppers
E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 53 Test Methods for Determination of Copper in Unal-

loyed Coppers by Gravimetry
E 54 Test Methods for Chemical Analysis of Special

Brasses and Bronzes5

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys

E 112 Test Methods for Determining Average Grain Size
E 243 Practice for Electromagnetic (Eddy Current) Exami-

nation of Copper and Copper-Alloy Tubes

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1937. Last previous edition approved in 1998 as B 111 – 98e1.

2 For ASME Boiler and Pressure Vessel Codeapplications, see related Specifi-
cation SB-111 in Section II of the Code.

3 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

4 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

5 Withdrawn.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition

E 478 Test Methods for Chemical Analysis of Copper
Alloys

E 527 Practice for Numbering Metals and Alloys (UNS)

3. Terminology

3.1 Definitions:
3.1.1 lengths, n—straight pieces of the product.
3.1.1.1 specific, n—straight lengths that are uniform in

length, as specified, and subject to established length toler-
ances.

3.1.2 tube, seamless, n—a tube produced with a continuous
periphery in all stages of the operations.

3.1.2.1 tube, condenser, n—Seetube, heat exchanger.
3.1.2.2 tube, ferrule, n—a tube from which metal rings or

collars (ferrules) are made for use in installing condenser tubes.
3.1.2.3 tube, heat exchanger, n—a tube manufactured to

special requirements as to dimensional tolerances, finish, and
temper for use in condensers and other heat exchangers.

3.2 Description of Term Specific to This Standard:
3.2.1 capable of—the test need not be performed by the

producer of the material. However, should subsequent testing
by the purchaser establish that the material does not meet these
requirements, the material shall be subject to rejection.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 Quantity of each size (number of pieces and number of
feet),

4.1.2 Material (Section 1),
4.1.3 Form (tube or ferrule stock),
4.1.4 Temper (Section 7),
4.1.5 Whether tension test is required (Section 7),
4.1.6 Whether a pressure test is to be used instead of the

eddy current test (see 13.1),
4.1.7 Dimensions, the diameter, wall thickness, whether

minimum or nominal wall, and length (see Section 14),
4.1.8 Whether cut ends of the tube are to be deburred (see

15.1),
4.1.9 If the product is to be subsequently welded (see Table

1 and FootnotesG andH).
4.1.10 Specification number and year of issue,
4.1.11 Certification, if required (see 22.1), and
4.1.12 Mill test report, if required (see 24.1).
4.2 When material is purchased for agencies of the U.S.

government, this shall be specified in the contract or purchase
order, and the material shall conform to the Supplementary
Requirements as defined herein.

TABLE 1 Chemical Requirements

Copper or
Copper

Alloy UNS
No.

Composition, %

CopperA Tin Aluminum
Nickel,

incl Cobalt
Lead,
max

Iron Zinc Manganese Arsenic Antimony Phosphorus Chromium
Other

Named
Elements

C10100 99.99 minB . . . . . . . . . 0.0010 . . . 0.0001 max . . . . . . . . . 0.0003 max . . . C

C10200D 99.95 min . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C10300 99.95 minE . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.001–0.005 . . . . . .
C10800 99.95 minE . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.005–0.012 . . . . . .
C12000 99.90 min . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.004–0.012 . . . . . .
C12200 99.9 min . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.015–0.040 . . . . . .
C14200 99.40 min . . . . . . . . . . . . . . . . . . . . . 0.15–0.50 . . . 0.015–0.040 . . . . . .
C19200 98.7 min . . . . . . . . . . . . 0.8–1.2 . . . . . . . . . . . . 0.01–0.04 . . . . . .
C23000 84.0–86.0 . . . . . . . . . 0.05 0.05 max remainder . . . . . . . . . . . . . . . . . .
C28000 59.0–63.0 . . . . . . . . . 0.30 0.07 max remainder . . . . . . . . . . . . . . . . . .
C44300 70.0–73.0 0.9–1.2 . . . . . . 0.07 0.06 max remainder . . . 0.02–0.06 . . . . . . . . . . . .
C44400 70.0–73.0 0.9–1.2 . . . . . . 0.07 0.06 max remainder . . . . . . 0.02–0.10 . . . . . . . . .
C44500 70.0–73.0 0.9–1.2 . . . . . . 0.07 0.06 max remainder . . . . . . . . . 0.02–0.10 . . . . . .
C60800 remainder . . . 5.0–6.5 . . . 0.10 0.10 max . . . . . . 0.02–0.35 . . . . . . . . . . . .
C61300 remainder 0.20–0.50 6.0–7.5 0.15 max 0.01 2.0–3.0 0.10 max 0.20 max . . . . . . 0.015 max . . . F,G

C61400 remainder . . . 6.0–8.0 . . . 0.01 1.5–3.5 0.20 max 1.0 max . . . . . . . . . . . . . . .
C68700 76.0–79.0 . . . 1.8–2.5 . . . 0.07 0.06 max remainder . . . 0.02–0.10 . . . . . . . . . . . .
C70400 remainder . . . . . . 4.8–6.2 0.05 1.3–1.7 1.0 max 0.30–0.8 . . . . . . . . . . . . . . .
C70600 remainder . . . . . . 9.0–11.0 0.05H 1.0–1.8 1.0 maxH 1.0 max . . . . . . H . . . H

C71000 remainder . . . . . . 19.0–23.0 0.05H 0.50–1.0 1.0 maxH 1.0 max . . . . . . H . . . H

C71500 remainder . . . . . . 29.0–33.0 0.05H 0.40–1.0 1.0 maxH 1.0 max . . . . . . H . . . H

C71640 remainder . . . . . . 29.0–32.0 0.05H 1.7–2.3 1.0 maxH 1.5–2.5 . . . . . . H . . . H

C72200 remainder . . . . . . 15.0–18.0 0.05H 0.50–1.0 1.0 maxH 1.0 max . . . . . . H 0.30–0.70 H

A Copper (including silver).
B This value is exclusive of silver and shall be determined by difference of “impurity total” from 100 %. “Impurity total” is defined as the sum of sulfur, silver, lead, tin,

bismuth, arsenic, antimony, iron, nickel, mercury, zinc, phosphorus, selenium, tellurium, manganese, cadmium, and oxygen present in the sample.
C Impurity maximums in ppm for C10100 shall be: antimony 4, arsenic 5, bismuth 1, cadmium 1, iron 10, lead 5, manganese 0.5, mercury 1, nickel 10, oxygen 5,

phosphorus 3, selenium 3, silver 25, sulfur 15, tellurium 2, tin 2, and zinc 1.
D Oxygen in C10200 shall be 10 ppm max.
E Copper plus sum of named elements shall be 99.95 % min.
F Silicon shall be 0.10 % max.
G When the product is for subsequent welding applications and is so specified by the purchaser, chromium shall be 0.05 % max, cadmium 0.05 % max, zinc 0.05 % max,

and zirconium 0.05 % max.
H When the product is for subsequent welding applications, and so specified by the purchaser, zinc shall be 0.50 % max, lead 0.02 % max, phosphorus 0.02 % max,

sulfur 0.02 % max, and carbon 0.05 % max.
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5. Materials and Manufacture

5.1 The material shall be of such quality and purity that the
finished product shall have the properties and characteristics
prescribed in this specification, and shall be cold worked to the
specified size.

6. Chemical Composition

6.1 The material shall conform to the chemical requirements
specified in Table 1.

6.2 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser.

6.2.1 Copper Alloy UNS No. C19200—Copper may be
taken as the difference between the sum of all the elements
analyzed and 100 %. When all the elements in Table 1 are
analyzed, their sum shall be 99.8 % minimum.

6.2.2 For copper alloys in which copper is specified as the
remainder, copper may be taken as the difference between the
sum of all the elements analyzed and 100 %.

6.2.2.1 When all the elements in Table 1 are analyzed, their
sum shall be as shown in the following table.

Copper Alloy
UNS No.

Copper Plus Named
Elements, % min

C60800 99.5
C61300 99.8
C61400 99.5
C70400 99.5
C70600 99.5
C71000 99.5
C71500 99.5
C71640 99.5
C72200 99.8

6.2.3 For copper alloys in which zinc is specified as the
remainder, either copper or zinc may be taken as the difference
between the sum of all the elements analyzed and 100 %.

6.2.3.1 When all the elements in Table 1 are analyzed, their
sum shall be as shown in the following table.

Copper Alloy
UNS No.

Copper Plus Named
Elements, % min

C23000 99.8
C28000 99.7
C44300 99.6
C44400 99.6
C44500 99.6
C68700 99.5

7. Temper

7.1 Tubes of Copper Alloy UNS Nos. C23000, C28000,
C44300, C44400, C44500, C60800, C61300, C61400,
C68700, and C71000 shall be furnished in the annealed (O)
temper unless otherwise specified on the purchase order.

7.2 Tubes of Copper Alloy UNS Nos. C71500 and C71640
shall be supplied in one of the following tempers as specified:
(1) annealed (O) or (2) drawn, stress-relieved (HR50).

7.3 Tubes of Copper Alloy UNS Nos. C10100, C10200,
C10300, C10800, C12000, C12200, and C14200 shall be
supplied in any one of the following tempers, one of which
shall be specified: (1) light-drawn (H55), (2) hard-drawn
(H80), or (3) hard-drawn, end-annealed.

7.4 Tubes of Copper Alloy UNS No. C19200 shall be
supplied in any one of the following tempers, one of which
shall be specified: (1) annealed (O), (2) light-drawn (H55), (3)
hard-drawn (H80), or (4) hard-drawn, end-annealed.

7.5 Tubes of Copper Alloy UNS Nos. C70400, C70600, and
C72200 may be supplied in either light-drawn (H55) or
annealed (O) temper.

7.6 Tubes for ferrule stock shall be annealed sufficiently to
be fully recrystallized.

NOTE 3—Some tubes, when subjected to aggressive environments, may
be subjected to stress-corrosion cracking failure because of the residual
tensile stresses developed in straightening. For such applications, it is
suggested that tubes of Copper Alloy UNS Nos. C23000, C28000,
C44300, C44400, C44500, C60800, C61300, C61400, and C68700 be
subjected to a stress-relieving thermal treatment subsequent to straighten-
ing. If required, this must be specified on the purchase order or contract.
Tolerances for roundness and length, and the condition of straightness, for
tube so ordered, shall be to the requirements agreed upon between the
manufacturer and the purchaser.

8. Mechanical Properties

8.1 Material specified to meet the requirements of theASME
Boiler and Pressure Vessel Codeshall have tensile properties
as prescribed in Table 2.

9. Microscopical Examination

9.1 Samples of annealed-temper tubes selected for test shall
be subjected to microscopical examination at a magnification
of 75 diameters and shall show uniform and complete recrys-
tallization. Materials other than Copper Alloy UNS Nos.
C19200 and C28000 shall have an average grain size within the
limits of 0.010 to 0.045 mm. These requirements do not apply
to tubes of light-drawn (H55), hard-drawn (H80), hard-drawn,
end-annealed, or drawn, stress-relieved tempers (HR50).

10. Expansion Test

10.1 Tube specimens selected for test shall withstand the
expansion shown in Table 3 when expanded in accordance with
Test Method B 153. The expanded tube shall show no cracking
or rupture visible to the unaided eye.

NOTE 4—The term “unaided eye” as used herein permits the use of
corrective spectacles necessary to obtain normal vision.

10.2 Hard-drawn tubes not end annealed are not subject to
this test. When tubes are specified end annealed, this test is
required and shall be made on the annealed ends.

10.3 Tubes for ferrule stock are not subject to the expansion
test.

11. Flattening Test

11.1 Test specimens at least 18 in. in length in the annealed
condition shall be flattened on different elements throughout
the lengths remaining after specimens for the expansion and
metallographic tests have been taken. Each element shall be
slowly flattened by one stroke of a press. The term “flattened”
shall be interpreted as follows: a micrometer caliper set at three
times the wall thickness shall pass over the tube freely
throughout the flattened part except at the points where the
change in element of flattening takes place. The flattened
elements shall not show cracking or rupture clearly visible to
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the unaided eye (Note 3). When tubes are specified in a temper
other than annealed this test is required but shall be made on
annealed specimens.

11.2 Tubes for ferrule stock are not subject to flattening test.

12. Mercurous Nitrate Test

12.1 Warning—Mercury is a definite health hazard and
therefore equipment for the detection and removal of mercury

vapor produced in volatilization is recommended. The use of
rubber gloves in testing is advisable.

12.2 The test specimens, cut 6 in. in length, shall withstand
without cracking, an immersion in the standard mercurous
nitrate solution prescribed in Test Method B 154. The test
specimen shall include the finished tube end. The mercurous
nitrate test is required only for Copper Alloy UNS Nos.

TABLE 2 Tensile Requirements

Copper or Copper Alloy UNS No.
Temper Designation Tensile Strength,

min ksiA
Yield Strength,B

min ksiA
Elongation in 2 in.,

min %Standard Former

C10100, C10200, C10300, C10800, C12000, C12200,
C14200

H55 light-drawn 36 30 . . .

C10100, C10200, C10300, C10800, C12000, C12200,
C14200

H80 hard-drawn 45 40 . . .

C19200 H55 light-drawn 40 35 . . .
C19200 H80 hard-drawn 48 43 . . .
C19200 O61 annealed 38 12 . . .
C23000 O61 annealed 40 12 . . .
C28000 O61 annealed 50 20 . . .
C44300, C44400, C44500 O61 annealed 45 15 . . .
C60800 O61 annealed 50 19 . . .
C61300, C61400 O61 annealed 70 30 . . .
C68700 O61 annealed 50 18 . . .
C70400 O61 annealed 38 12 . . .
C70400 H55 light-drawn 40 30 . . .
C70600 O61 annealed 40 15 . . .
C70600 H55 light-drawn 45 35 . . .
C71000 O61 annealed 45 16 . . .
C71500 O61 annealed 52 18 . . .
C71500:

Wall thicknesses up to 0.048 in., incl HR50 drawn, stress-relieved 72 50 12
Wall thicknesses over 0.048 in. HR50 drawn, stress-relieved 72 50 15

C71640 O61 annealed 63 25 . . .
C71640 HR50 drawn, stress relieved 81 58 . . .
C72200 O61 annealed 45 16 . . .
C72200 H55 light-drawn 50 30 . . .

A ksi = 1000 psi.
B At 0.5 % extension under load.

TABLE 3 Expansion Requirements

Temper Designation
Copper or Copper Alloy UNS No.

Expansion of Tube Outside
Diameter, in Percent of

Original Outside DiameterStandard Former

O61 annealed C19200 30
C23000 20
C28000 15

C44300, C44400, C44500 20
C60800 20

C61300, C61400 20
C68700 20
C70400 30
C70600 30
C71000 30
C71500 30
C71640 30
C72200 30

H55 light-drawn C10100, C10200, C10300, C10800, C12000, C12200 20
C14200 20
C19200 20
C70400 20
C70600 20
C72200 20

HR50 drawn, stress relieved C71500 20
C71640 20

. . . hard-drawn, end annealed C10100, C10200, C10300, C10800, C12000, C12200, C14200 30
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C23000, C28000, C44300, C44400, C44500, C60800,
C61300, C61400, and C68700.

13. Nondestructive Testing

13.1 Each tube shall be subjected to the eddy-current test in
13.1.1. Tubes may be tested in the final drawn, annealed, or
heat-treated temper or in the drawn temper before the final
anneal or heat treatment unless otherwise agreed upon by the
supplier and the purchaser. The purchaser may specify either of
the tests in 13.1.2 or 13.1.3 as an alternative to the eddy-current
test.

13.1.1 Eddy-Current Test—Each tube shall be passed
through an eddy-current testing unit adjusted to provide
information on the suitability of the tube for the intended
application. Testing shall follow the procedures of Practice
E 243.

13.1.1.1 The depth of the round-bottom transverse notches
and the diameters of the drilled holes in the calibrating tube
used to adjust the sensitivity of the test unit are shown in Tables
4 and 5, respectively.

13.1.1.2 Tubes that do not actuate the signaling device of
the eddy-current tester shall be considered to conform to the
requirements of this test. Tubes causing irrelevant signals
because of moisture, soil, and like effects may be reconditioned
and retested. Such tubes, when retested to the original test
parameters, shall be considered to conform if they do not cause
output signals beyond the acceptable limits. Tubes causing
irrelevant signals because of visible and identifiable handling
marks may be retested by the hydrostatic test prescribed in
13.1.2, or the pneumatic test prescribed in 13.1.3. Tubes
meeting requirements of either test shall be considered to
conform if the tube dimensions are within the prescribed limits,
unless otherwise agreed upon between the manufacturer and
the purchaser.

13.1.2 Hydrostatic Test—Each tube shall stand, without
showing evidence of leakage, an internal hydrostatic pressure
sufficient to subject the material to a fiber stress of 7000 psi,
determined by the following equation for thin hollow cylinders
under tension. The tube need not be tested at a hydrostatic
pressure of over 1000 psi unless so specified.

P 5 2St/~D 2 0.8t!

where:
P = hydrostatic pressure, psig;
t = thickness of tube wall, in.;
D = outside diameter of the tube, in.; and
S = allowable stress of the material, psi.

13.1.3 Pneumatic Test—Each tube shall be subjected to an
internal air pressure of 60 psig, min, for 5 s without showing

evidence of leakage. The test method used shall permit easy
visual detection of any leakage, such as by having the tube
under water or by the pressure differential method. Any
evidence of leakage shall be cause for rejection.

14. Dimensions and Permissible Variations

14.1 Diameter—The outside of the tubes shall not vary
from that specified by more than the amounts shown in Table
6 as measured by “go” and “no-go” ring gages.

14.2 Wall Thickness Tolerances:
14.2.1 Tubes Ordered to Minimum Wall—No tube wall at its

thinnest point shall be less than the specified wall thickness.
The maximum plus deviation from the specified wall at any
point shall not exceed twice the values shown in Table 7.

14.2.2 Tubes Ordered to Nominal Wall—The maximum
plus and minus deviation from the nominal wall at any point
shall not exceed the values shown in Table 7.

14.3 Length—The length of the tubes shall not be less than
that specified when measured at a temperature of 20°C, but
may exceed the specified value by the amounts given in Table
8.

14.4 Squareness of Cut—The departure from squareness of
the end of the tube shall not exceed the following:

Tube, Outside
Diameter, in. Tolerance

Up to 5⁄8 , incl 0.010 in.
Over 5⁄8 0.016 in./in. of diameter

14.5 For the purpose of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the specified limiting values for any
dimensions may be cause for rejection.

15. Workmanship, Finish and Appearance

15.1 Roundness, straightness, uniformity of the wall thick-
ness, and inner and outer surface of the tube shall be such as to
make it suitable for the intended application. Unless otherwise
specified on the purchase order, the cut ends of the tubes shall
be deburred by use of a rotating wire wheel or other suitable
tool.

15.2 Annealed-temper or stress-relieved tubes shall be clean
and smooth but may have a superficial, dull iridescent film on
both the inside and the outside surface. Drawn-temper tubes
shall be clean and smooth, but may have a superficial film of
drawing lubricant on the surfaces.

16. Sampling

16.1 Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:

TABLE 4 Notch Depth

Tube Wall Thickness, in.

Tube Outside Diameter, in.

Over 1⁄4 to 3⁄4 ,
incl

Over 3⁄4 to 11⁄4 ,
incl

Over 11⁄4 to 31⁄8 ,
incl

Over 0.017–0.032 0.005 0.006 0.007
Incl 0.032–0.049 0.006 0.006 0.0075
Incl 0.049–0.083 0.007 0.0075 0.008
Incl 0.083–0.109 0.0075 0.0085 0.0095
Incl 0.109–0.120 0.009 0.009 0.011

TABLE 5 Diameter of Drilled Holes

Tube Outside Diameter, in.
Diameter of Drilled

Holes, in.
Drill No.

1⁄4 –3⁄4 , incl 0.025 72
Over 3⁄4 –1, incl 0.031 68
Over 1–11⁄4 , incl 0.036 64
Over 11⁄4 –11⁄2 , incl 0.042 58
Over 11⁄2 –13⁄4 , incl 0.046 56
Over 13⁄4 –2, incl 0.052 55
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16.1.1 Lot Size—600 tubes or 10 000 lb or fraction of either,
whichever constitutes the greater weight.

16.1.2 Portion Size—Sample pieces from two individual
lengths of finished product.

16.2 Samples taken for the purpose of the tests prescribed in
the specification shall be selected in a manner that will
represent correctly the material furnished and avoid needless
destruction of finished material when samples representative of
the material are available from other sources.

17. Number of Tests and Retests

17.1 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
millings, and so forth shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 16.1.2 and combined into one composite sample. The
minimum weight of the composite sample that is to be divided
into three equal parts shall be 150 g.

17.1.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing

samples taken at the time the castings are poured or samples
taken from the semifinished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

17.1.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

17.1.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 lb or
fraction thereof, except that not more than one sample shall be
required per piece.

17.1.1.3 Because of the discontinuous nature of the process-
ing of castings into wrought products, it is not practical to
identify specific casting analysis with a specific quantity of
finished material.

17.1.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

17.2 Other Tests—For tests specified in Sections 8-12
inclusive, specimens shall be taken from each of the pieces
selected in accordance with 16.1.2.

17.3 If any test specimen representing a lot fails to conform
to the requirements of Sections 6-12, two additional specimens,
at the option of the manufacturer, may be taken as before, and
submitted for check analysis or subjected to any tests in which
the original specimen failed, but each of these specimens shall
conform to the requirements specified.

18. Test Methods

18.1 The properties and chemical compositions enumerated
in this specification shall, in case of disagreement, be deter-
mined in accordance with the following ASTM methods:

Test ASTM Designation

Chemical analysis B 170,A E 53, E 54, E 62, E 75, E 478
Grain size E 112
Expansion (pin test) B 153
Mercurous nitrate B 154
Tension E 8
Nondestructive test E 243

A Reference to Specification B 170 is to the suggested chemical methods in the
annex thereof. When E01 Committee has tested and published methods for

TABLE 6 Diameter Tolerances

Wall Thickness, in.

Outside Diameter, in.

0.020A

0.032

0.035 0.042 0.049 and Over0.022
0.025
0.028

Diameter Tolerance, Plus and Minus, in.

Up to 0.500, incl 0.003 0.0025 0.0025 0.0025 0.0025
Over 0.500–0.740, incl 0.0040 0.004 0.004 0.0035 0.003
Over 0.740–1.000, incl 0.0060 0.006 0.005 0.0045 0.004
Over 1.000–1.250, incl . . . 0.009 0.008 0.006 0.0045
Over 1.250–1.375, incl . . . . . . . . . 0.008 0.005
Over 1.375–2.000, incl . . . . . . . . . . . . 0.006
Over 2.000–3.125, incl . . . . . . . . . . . . 0.0065

A Tolerances in this column are applicable to light drawn and drawn tempers only. Tolerances for annealed tempers shall be as agreed upon between the manufacturer
and the purchaser.

TABLE 7 Wall Thickness Tolerances, Plus and Minus in.

Wall Thickness, in.

Outside Diameter, in.

Over 1⁄8 to 5⁄8
, incl

Over 5⁄8 to 1,
incl

Over 1 to 2,
incl

Over 2 to
3.125, incl

0.020, incl to 0.032 0.003 0.003 . . . . . .
0.032, incl to 0.035 0.003 0.003 0.004 . . .
0.035, incl to 0.058 0.004 0.0045 0.0045 0.005
0.058, incl to 0.083 0.0045 0.005 0.005 0.0055
0.083, incl to 0.120 0.005 0.0065 0.0065 0.0065
0.120, incl to 0.134 0.007 0.007 0.0075 0.008

TABLE 8 Length Tolerances

Specified Length, ft Tolerance, all Plus, in.

Up to 15 3⁄32

Over 15–20, incl 1⁄8
Over 20–30, incl 5⁄32

Over 30–60, incl 3⁄8
Over 60–100, inclA 1⁄2

A Condenser tubes in lengths over 100 ft are not in present demand. Tolerance
values for the lengths will be developed as experience dictates. Tolerance values
for lengths in wall thicknesses of 0.020, incl. to 0.032 shall be as agreed upon
between the manufacturer or supplier and the purchaser.
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assaying the low-level impurities in copper, the Specification B 170 annex will be
eliminated.

18.2 The surface of the test specimen for microscopical
examination shall approximate a radial longitudinal section of
the tube.

18.3 Tubes selected for test shall be subjected to the tension
test which shall, in case of disagreement, be made in accor-
dance with Test Methods E 8. Tension test specimen shall be of
the full section of the tube and shall conform to the require-
ments of the section, Specimens for Pipe and Tube, of Test
Methods E 8, unless the limitations of the testing machine
preclude the use of such a specimen. Test specimens conform-
ing to Type No. 1 of Fig. 13, Tension Test Specimens for
Large-Diameter Tubular Products, of Test Methods E 8, may
be used when a full section specimen cannot be tested.

18.4 Whenever tension test results are obtained from both
full-size and machined specimens and they differ, the results
obtained from full-size test specimens shall be used to deter-
mine conformance to the specification requirements.

18.5 Tension test results on material covered by this speci-
fication are not seriously affected by variations in speed of
testing. A considerable range of testing speed is permissible;
however, the range of stressing to the yield strength should not
exceed 100 ksi/min. Above the yield strength the movement
per minute of the testing machine head under load should not
exceed 0.5 in./in. of gage length (or distance between grips for
full-section specimens).

19. Significance of Numerical Limits

19.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29:

Property
Rounded Unit for Observed

or Calculated Value

Chemical composition nearest unit in the last right-hand place of
figures

Tensile strength
Yield strength

nearest ksi, for over 10 to 100 ksi,
incl

Elongation nearest 1 %
Grain size nearest multiple of 0.005 mm

20. Inspection

20.1 The manufacturer shall inspect and make necessary
tests to verify that the tubes furnished conform to the require-
ments of this specification.

20.2 If in addition the purchaser elects to perform his own
inspection, the manufacturer shall afford the inspector all
reasonable facilities to satisfy him that the tubes are being
furnished in accordance with this specification. All tests
(except check analysis) and inspection shall be made at the
place of manufacture before shipment, unless otherwise speci-
fied, and shall be so conducted as not to interfere with the
operation of the works. When automated finishing and inspec-
tion equipment is available at a facility, purchaser and supplier
may by mutual agreement accomplish the final inspection
simultaneously.

21. Rejection and Rehearing

21.1 Material that fails to conform to the requirements of
this specification when inspected or tested by the purchaser or
his agent may be rejected. Rejection should be reported to the
manufacturer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the manufacturer or
supplier may make claim for a rehearing.

22. Certification

22.1 When specified on the purchase order, the manufac-
turer shall furnish to the purchaser a certificate stating that each
lot has been sampled, tested, and inspected in accordance with
this specification and has met the requirements. When material
is specified to meet the requirements ofASME Boiler and
Pressure Vessel Code, the certification requirements are man-
datory.

23. Packaging and Package Marking

23.1 The material shall be separated by size, composition,
and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

23.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, shape, total length or piece count, or both, and name of
supplier. The specification number shall be shown, when
specified.

24. Mill Test Report

24.1 When specified on the purchase order, the manufac-
turer shall furnish to the purchaser a test report showing results
of tests required by the specification.

25. Keywords

25.1 condenser tube; copper; copper alloys; evaporator;
ferrule stock; heat exchanger; seamless tube
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. government.

S1. Referenced Documents
S1.1 The following documents of the issue in effect on date

of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:6

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standard:6

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:6

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance
S2.1 Responsibility for Inspection—Unless otherwise speci-

fied in the contract or purchase order, the manufacturer is
responsible for the performance of all inspection and test
requirements specified. Except as otherwise specified in the
contract or purchase order, the manufacturer may use his own
or any other suitable facilities for the performance of the
inspection and test requirements unless disapproved by the

purchaser at the time the order is placed. The purchaser shall
have the right to perform any of the inspections or tests set
forth when such inspections and tests are deemed necessary to
assure that the material conforms to prescribed requirements.

S3. Identification Marking
S3.1 All material shall be properly marked for identification

in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery
S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade or class and shall be preserved and
packaged, Level A or C, packed Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIX

(Nonmandatory Information)

X1. DENSITY OF COPPER AND COPPER ALLOYS

X1.1 The densities of the alloys covered by this specifica-
tion are given in Table X1.1.

6 Available from Standardization Documents Order Desk, Bldg. 4, Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094. Attn: NPODS.

TABLE X1.1 Densities

Copper or Copper Alloy UNS No. Density, lb/in.3

C10100, C10200, C10300, C10800, C12000,
C12200, C14200

0.323

C19200 0.320
C23000 0.316
C28000 0.303
C44300, C44400, C44500 0.308
C60800 0.295
C61300, C61400 0.285
C68700 0.301
C70400 0.323
C70600 0.323
C71000 0.323
C71500 0.323
C71640 0.323
C72200 0.323
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue of B
111 – 95 that may impact the use of this standard.

(1) Tables 6 and 7 were modified to include tolerances for
diameters over 2 in. up to and including 3.125 in.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 111M – 98 (Reapproved 2004)

METRIC

Standard Specification for
Copper and Copper-Alloy Seamless Condenser Tubes and
Ferrule Stock [Metric] 1

This standard is issued under the fixed designation B 111M; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification2 covers seamless tube and ferrule
stock of copper and various copper alloys up to 79 mm,
inclusive, in diameter, for use in surface condensers, evapora-
tors, and heat exchangers. Tubes for this application are
normally made from the following coppers or copper alloys:3

Copper or
Copper

Alloy UNS No.3
Previously Used

Designation Type of Metal

C10100 OFE Oxygen-free electronic
C10200 OFA Oxygen-free without residual de-

oxidants
C10300 . . . Oxygen-free, extra low phosphorus
C10800 . . . Oxygen-free, low phosphorus
C12000 DLPA Phosphorized, low residual phosphorus
C12200 DHPA Phosphorized, high residual phos-

phorus
C14200 DPAA Phosphorized, arsenical
C19200 . . . Phosphorized, 1 % iron
C23000 . . . Red Brass
C28000 . . . Muntz Metal
C44300 . . . Admiralty Metals, B, C, and D
C44400
C44500
C60800 . . . Aluminum Bronze
C61300 . . .
C61400 . . . Aluminum Bronze, D
C68700 . . . Aluminum Brass, B
C70400 . . . 95-5 Copper-Nickel
C70600 . . . 90-10 Copper-Nickel
C71000 . . . 80-20 Copper-Nickel
C71500 . . . 70-30 Copper-Nickel
C71640 . . . Copper-nickel-iron-manganese
C72200 . . . . . .

ADesignations listed in Classification B 224.

NOTE 1—This specification is the metric companion to Specification B
111.

NOTE 2— Warning—Mercury is a definite health hazard in use and
disposal. (See 12.1.)

1.2 The following safety hazards caveat pertains only to the
test methods portion, Section 18, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:4

B 153 Test Method for Expansion (Pin Test) of Copper and
Copper-Alloy Pipe and Tubing

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys

B 170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes

B 224 Classification of Coppers
E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 53 Test Methods for Determination of Copper in Unal-

loyed Copper by Gravimetry
E 54 Test Methods for Chemical Analysis of Special

Brasses and Bronzes5

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1983. Last previous edition approved in 1998 as B 111M – 98e1.

2 For ASME Boiler and Pressure Vessel Codeapplications, see related Specifi-
cation SB-111 in Section 11 of the code.

3 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

4 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

5 Withdrawn.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys

E 112 Test Methods for Determining Average Grain Size
E 243 Practice for Electromagnetic (Eddy-Current) Exami-

nation of Copper and Copper-Alloy Tubes
E 255 Practice for Sampling Copper and Copper Alloys for

the Determination of Chemical Composition
E 478 Test Methods for Chemical Analysis of Copper

Alloys
E 527 Practice for Numbering Metals and Alloys (UNS)

3. Terminology

3.1 Definitions:
3.1.1 lengths—straight pieces of the product.
3.1.1.1 specific—straight lengths that are uniform in collars

(ferrules) are made for use in installing condenser tubes.
3.1.2 lengths—straight pieces of the product.
3.1.2.1 specific—straight lengths that are uniform in length,

as specified, and subject to established length tolerances.
3.2 Definition of Term Specific to This Standard:
3.2.1 capable of—the test need not be performed by the

producer of the material. However, should subsequent testing
by the purchaser establish that the material does not meet these
requirements, the material shall be subject to rejection.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 Quantity of each size (number of pieces and number of
metres),

4.1.2 Material (Section 1),
4.1.3 Form (tube or ferrule stock),
4.1.4 Temper (Section 7),
4.1.5 Whether tension test is required (Section 7),
4.1.6 Whether a pressure test is to be used instead of the

eddy-current test (see 13.1),
4.1.7 Dimensions, the diameter, wall thickness, whether

minimum or nominal wall, and length (see Section 14),
4.1.8 Whether cut ends of the tube are to be deburred (see

15.1),
4.1.9 If the product is to be subsequently welded (see Table

1 and FootnotesG andH),
4.1.10 Specification number and year of issue,
4.1.11 Certification, if required (see 22.1), and
4.1.12 Mill test report, if required (see 24.1).
4.2 When material is purchased for agencies of the U.S.

government, this shall be specified in the contract or purchase
order, and the material shall conform to the Supplementary
Requirements as defined herein.

TABLE 1 Chemical Requirements

Copper or
Copper

Alloy UNS
No.

Composition, %

CopperA Tin
Alumi-
num

Nickel,
incl

Cobalt

Lead,
max

Iron Zinc
Man-

ganese
Arsenic Antimony Phosphorus Chromium

Other
Named

Elements

C10100 99.99 minB . . . . . . . . . 0.0010 . . . 0.0001 max . . . . . . . . . 0.0003 max . . . C

C10200D 99.95 min . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C10300 99.95 minE . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.001–0.005 . . . . . .
C10800 99.95 minE . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.005–0.012 . . . . . .
C12000 99.90 min . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.004–0.012 . . . . . .
C12200 99.9 min . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.015–0.040 . . . . . .
C14200 99.40 min . . . . . . . . . . . . . . . . . . . . . 0.15–0.50 . . . 0.015–0.040 . . . . . .
C19200 98.7 min . . . . . . . . . . . . 0.8–1.2 . . . . . . . . . . . . 0.01–0.04 . . . . . .
C23000 84.0–86.0 . . . . . . . . . 0.05 0.05 max remainder . . . . . . . . . . . . . . . . . .
C28000 59.0–63.0 . . . . . . . . . 0.30 0.07 max remainder . . . . . . . . . . . . . . . . . .
C44300 70.0–73.0 0.9–1.2 . . . . . . 0.07 0.06 max remainder . . . 0.02–0.06 . . . . . . . . . . . .
C44400 70.0–73.0 0.9–1.2 . . . . . . 0.07 0.06 max remainder . . . . . . 0.02–0.10 . . . . . . . . .
C44500 70.0–73.0 0.9–1.2 . . . . . . 0.07 0.06 max remainder . . . . . . . . . 0.02–0.10 . . . . . .
C60800 remainder . . . 5.0–6.5 . . . 0.10 0.10 max . . . . . . 0.02–0.35 . . . . . . . . . . . .
C61300 remainder 0.20–0.50 6.0–7.5 0.15 max 0.01 2.0–3.0 0.10 max 0.20 max . . . . . . 0.015 max . . . F,G

C61400 remainder . . . 6.0–8.0 . . . 0.01 1.5–3.5 0.20 max 1.0 max . . . . . . . . . . . . . . .
C68700 76.0–79.0 . . . 1.8–2.5 . . . 0.07 0.06 max remainder . . . 0.02–0.10 . . . . . . . . . . . .
C70400 remainder . . . . . . 4.8–6.2 0.05 1.3–1.7 1.0 max 0.30–0.8 . . . . . . . . . . . . . . .
C70600 remainder . . . . . . 9.0–11.0 0.05H 1.0–1.8 1.0 maxH 1.0 max . . . . . . . . . H

C71000 remainder . . . . . . 19.0–23.0 0.05H 0.50–1.0 1.0 maxH 1.0 max . . . . . . . . . H

C71500 remainder . . . . . . 29.0–33.0 0.05H 0.40–1.0 1.0 maxH 1.0 max . . . . . . . . . H

C71640 remainder . . . . . . 29.0–32.0 0.05H 1.7–2.3 1.0 maxH 1.5–2.5 . . . . . . . . . H

C72200 remainder . . . . . . 15.0–18.0 0.05H 0.50–1.0 1.0 maxH 1.0 max . . . . . . 0.30–0.70 H

A Copper (including silver).
B This value is exclusive of silver and shall be determined by difference of “impurity total” from 100 %. “Impurity total” is defined as the sum of silver, lead, tin, bismuth,

arsenic, antimony, iron, nickel, mercury, zinc, phosphorus, selenium, tellurium, manganese, cadmium, and oxygen present in the sample.
C Impurity maximums in ppm for C101000 shall be: antimony 4, arsenic 5, bismuth 1, cadmium 1, iron 10, lead 5, manganese 0.5, mercury 1, nickel 10, oxygen 5,

phosphorus 3, selenium 3, silver 25, sulfur 15, tellurium 2, tin 2, and zinc 1.
D Oxygen in C10200 shall be 10 ppm max.
E Copper plus sum of named elements shall be 99.95 % min.
F Silicon shall be 0.10 % max.
G When the product is for subsequent welding applications and is so specified by the purchaser, chromium shall be 0.05 % max, cadmium 0.05 % max, zinc 0.05 % max,

and zirconium 0.05 % max.
H When the product is for subsequent welding applications, and so specified by the purchaser, zinc shall be 0.50 % max, lead 0.02 % max, phosphorus 0.02 % max,

sulfur 0.02 % max, and carbon 0.05 % max.
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5. Materials and Manufacture

5.1 The material shall be of such quality and purity that the
finished product shall have the properties and characteristics
prescribed in this specification, and shall be cold worked to the
specified size.

6. Chemical Composition

6.1 The material shall conform to the chemical requirements
specified in Table 1.

6.2 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser.

6.2.1 Copper Alloy UNS No. C19200—Copper may be
taken as the difference between the sum of all the elements
analyzed and 100 %. When all the elements in Table 1 are
analyzed, their sum shall be 99.8 % minimum.

6.2.2 For copper alloys in which copper is specified as the
remainder, copper may be taken as the difference between the
sum of all the elements analyzed and 100 %.

6.2.2.1 When all the elements in Table 1 are analyzed, their
sum shall be as shown in the following table.

Copper Alloy
UNS No.

Copper Plus Named
Elements, % min

C60800 99.5
C61300 99.8
C61400 99.5
C70400 99.5
C70600 99.5
C71000 99.5
C71500 99.5
C71640 99.5
C72200 99.8

6.2.3 For copper alloys in which zinc is specified as the
remainder, either copper or zinc may be taken as the difference
between the sum of all the elements analyzed and 100 %.

6.2.3.1 When all the elements in Table 1 are analyzed, their
sum shall be as shown in the following table.

Copper Alloy
UNS No.

Copper Plus Named
Elements, % min

C23000 99.8
C28000 99.7
C44300 99.6
C44400 99.6
C44500 99.6
C68700 99.5

7. Temper

7.1 Tubes of Copper Alloy UNS Nos. C23000, C28000,
C44300, C44400, C44500, C60800, C61300, C61400,
C68700, and C71000 shall be furnished in the annealed (O)
temper unless otherwise specified on the purchase order.

7.2 Tubes of Copper Alloy UNS Nos. C71500 and C71640
shall be supplied in one of the following tempers as specified:
(1) annealed (O) or (2) drawn, stress-relieved (HR50).

7.3 Tubes of Copper Alloy UNS Nos. C10100, C10200,
C10300, C10800, C12000, C12200, and C14200 shall be
supplied in any one of the following tempers, one of which
shall be specified: (1) light-drawn (H55), (2) hard-drawn
(H80), or (3) hard-drawn, end-annealed.

7.4 Tubes of Copper Alloy UNS No. C19200 shall be
supplied in any one of the following tempers, one of which
shall be specified: (1) annealed (O), (2) light-drawn (H55), (3)
hard-drawn (H80), or (4) hard-drawn, end-annealed.

7.5 Tubes of Copper Alloy UNS Nos. C70400, C70600, and
C72200 may be supplied in either light-drawn (H55) or
annealed (O) temper.

7.6 Tubes for ferrule stock shall be annealed sufficiently to
be fully recrystallized.

NOTE 3—Some tubes, when subjected to aggressive environments, may
be subjected to stress-corrosion cracking failure because of the residual
tensile stresses developed in straightening. For such applications, it is
suggested that tubes of Copper Alloy UNS Nos. C23000, C28000,
C44300, C44400, C44500, C60800, C61300, C61400, and C68700 be
subjected to a stress-relieving thermal treatment subsequent to straighten-
ing. If required, this must be specified on the purchase order or contract.
Tolerances for roundness and length, and the condition of straightness, for
tube so ordered, shall be to the requirements agreed upon between the
manufacturer and the purchaser.

8. Mechanical Properties

8.1 Material specified to meet the requirements of theASME
Boiler and Pressure Vessel Codeshall have tensile properties
as prescribed in Table 2.

9. Microscopical Examination

9.1 Samples of annealed-temper tubes selected for test shall
be subjected to microscopical examination at a magnification
of 75 diameters and shall show uniform and complete recrys-
tallization. Materials other than Copper Alloy UNS Nos.
C19200 and C28000 shall have an average grain size within the
limits of 0.010 to 0.045 mm. These requirements do not apply
to tubes of light-drawn (H55), hard-drawn (H80), hard-drawn,
end-annealed, or drawn, stress-relieved tempers (HR50).

10. Expansion Test

10.1 Tube specimens selected for test shall withstand the
expansion shown in Table 2 when expanded in accordance with
Test Method B 153. The expanded tube shall show no cracking
or rupture visible to the unaided eye.

NOTE 4—The term “unaided eye” as used herein permits the use of
corrective spectacles necessary to obtain normal vision.

10.2 Hard-drawn tubes not end-annealed are not subject to
this test. When tubes are specified end-annealed, this test is
required and shall be made on the annealed ends.

10.3 Tubes for ferrule stock are not subject to the expansion
test.

11. Flattening Test

11.1 Test specimens at least 450 mm in length in the
annealed condition shall be flattened on different elements
throughout the lengths remaining after specimens for the
expansion and metallographic tests have been taken. Each
element shall be slowly flattened by one stroke of a press. The
term “flattened” shall be interpreted as follows: a micrometer
caliper set at three times the wall thickness shall pass over the
tube freely throughout the flattened part except at the points
where the change in element of flattening takes place. The
flattened elements shall not show cracking or rupture clearly
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visible to the unaided eye (Note 4). When tubes are specified in
a temper other than annealed this test is required but shall be
made on annealed specimens.

11.2 Tubes for ferrule stock are not subject to flattening test.

12. Mercurous Nitrate Test

12.1 Warning—Mercury is a definite health hazard and
therefore equipment for the detection and removal of mercury
vapor produced in volatilization is recommended. The use of
rubber gloves in testing is advisable.

12.2 The test specimens, cut 150 mm in length, shall
withstand without cracking, an immersion in the standard
mercurous nitrate solution prescribed in Test Method B 154.
The test specimen shall include the finished tube end. The
mercurous nitrate test is required only for Copper Alloy UNS
Nos. C23000, C28000, C44300, C44400, C44500, C60800,
C61300, C61400, and C68700.

13. Nondestructive Testing

13.1 Each tube shall be subjected to the eddy-current test in
13.1.1. Tubes may be tested in the final drawn, annealed, or
heat-treated temper or in the drawn temper before the final
anneal or heat treatment unless otherwise agreed upon by the
supplier and the purchaser. The purchaser may specify either of
the tests in 13.1.2 or 13.1.3 as an alternative to the eddy-current
test.

13.1.1 Eddy-Current Test—Each tube shall be passed
through an eddy-current testing unit adjusted to provide

information on the suitability of the tube for the intended
application. Testing shall follow the procedures of Practice
E 243.

13.1.1.1 The depth of the round-bottom transverse notches
and the diameters of the drilled holes in the calibrating tube
used to adjust the sensitivity of the test unit are shown in Tables
6 and 7, respectively. The notch depth shall not vary from the
prescribed by more than60.015 mm when measured at the
center of the notch, and the diameter of the drilled hole shall
not vary by more than +0.025, −0.005 mm of the hole diameter
specified.

13.1.1.2 Tubes that do not actuate the signaling device of
the eddy-current tester shall be considered to conform to the
requirements of this test. Tubes causing irrelevant signals
because of moisture, soil, and like effects may be reconditioned
and retested. Such tubes, when retested to the original test
parameters, shall be considered to conform if they do not cause
output signals beyond the acceptable limits. Tubes causing
irrelevant signals because of visible and identifiable handling
marks may be retested by the hydrostatic test prescribed in
13.1.2, or the pneumatic test prescribed in 13.1.3. Tubes
meeting requirements of either test shall be considered to
conform if the tube dimensions are within the prescribed limits,
unless otherwise agreed upon between the manufacturer and
the purchaser.

13.1.2 Hydrostatic Test—Each tube shall stand, without
showing evidence of leakage, an internal hydrostatic pressure
sufficient to subject the material to a fiber stress of 48 MPa,

TABLE 2 Tensile Requirements

Copper or Copper Alloy
UNS No.

Temper Designation
Tensile Strength,

min
Yield Strength,A

min Elongation in 50 mm,
min, %

Standard Former MPa MPa

C10100, C10200, C10300,
C10800, C12000,
C12200, C14200

H55 light-drawn 250 205 . . .

C10100, C10200, C10300,
C10800, C12000,
C12200, C14200

H80 hard-drawn 310 275 . . .

C19200 H55 light-drawn 275 240 . . .
C19200 H80 hard-drawn 330 295 . . .
C19200 O61 annealed 260 85 . . .
C23000 O61 annealed 275 85 . . .
C28000 O61 annealed 345 140 . . .
C44300, C44400, C44500 O61 annealed 310 105 . . .
C60800 O61 annealed 345 130 . . .
C61300, C61400 O61 annealed 480 205 . . .
C68700 O61 annealed 345 125 . . .
C70400 O61 annealed 260 85 . . .
C70400 H55 light-drawn 275 205 . . .
C70600 O61 annealed 275 105 . . .
C70600 H55 light-drawn 310 240 . . .
C71000 O61 annealed 310 110 . . .
C71500 O61 annealed 360 125 . . .
C71500:

Wall thicknesses up to
1.21 mm, incl

HR50 drawn, stress-relieved 495 345 12

Wall thicknesses over
1.21 mm

HR50 drawn, stress-relieved 495 345 15

C71640 O61 annealed 435 170 . . .
C71640 HR50 drawn, stress-relieved 560 400 . . .
C72200 O61 annealed 310 110 . . .
C72200 H55 light-drawn 345 310 . . .

A At 0.5 % extension under load.
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determined by the following equation for thin hollow cylinders
under tension. The tube need not be tested at a hydrostatic
pressure of over 6.9 MPa unless so specified.

P 5 2St/~D 2 0.8t!

where:
P = hydrostatic pressure, MPa;
t = thickness of tube wall, mm;
D = outside diameter of the tube, mm; and
S = allowable stress of the material, MPa.

13.1.3 Pneumatic Test—Each tube shall be subjected to an
internal air pressure of 400 kPa, min, for 5 s without showing

evidence of leakage. The test method used shall permit easy
visual detection of any leakage, such as by having the tube
under water or by the pressure differential method. Any
evidence of leakage shall be cause for rejection.

14. Dimensions and Permissible Variations

14.1 Diameter—The outside of the tubes shall not vary
from that specified by more than the amounts shown in Table
8 as measured by “go” and “no-go” ring gages.

14.2 Wall Thickness Tolerances:

TABLE 3 Expansion Requirements

Temper Designation
Copper or Copper

Alloy UNS
No.

Expansion
of Tube
Outside

Diameter, in
Percent of

Original
Outside

Diameter

Standard Former

O61 annealed C19200 30
C23000 20
C28000 15
C44300,

C44400,
C44500

20

C60800 20
C61300,

C61400
20

C68700 20
C70400 30
C70600 30
C71000 30
C71500 30
C71640 30
C72200 30

H55 light-drawn C10100,
C10200,
C10300

20

C10800,
C12000,
C12200

20

C14200 20
C19200 20
C70400 20
C70600 20
C72200

HR50 drawn, stress-
relieved

C71500 20

C71640 20
. . . hard-drawn,

end-annealed
C10100,

C10200,
C10300,
C10800,
C12000,
C12200,
C14200

30

TABLE 4 Notch Depth

Tube Wall
Thickness, mm

Tube Outside Diameter, mm

Over 6 to 19,
incl

Over 19 to 32,
incl

Over 32 to 79,
incl

Over 0.43–0.81 0.13 0.15 0.18
Incl 0.81–1.3A 0.15 0.15 0.19
Incl 1.3–2.1 0.18 0.19 0.20
Incl 2.1–2.8 0.19 0.22 0.24
Incl 2.8–3.0 0.23 0.23 0.28
A Editorially corrected.

TABLE 5 Diameter of Drilled Holes

Tube Outside Diameter Diameter of Drilled Holes
Drill No.

mm mm

6.0–19.0, incl 0.635 72
Over 19.0–25.4, incl 0.785 68
Over 25.4–31.8, incl 0.915 64
Over 31.8–38.1, incl 1.07 58
Over 38.1–44.4, incl 1.17 56
Over 44.4–50.8, incl 1.32 55

TABLE 6 Wall Thickness Tolerances, Plus and Minus, mm

Wall Thickness,
mm

Outside Diameter, mm

Over 12 to 25,
incl

Over 25 to 50,
incl

Over 50 to 79,
incl

0.506, incl to
0.813A

0.076 . . . . . .

0.813, incl to 0.889 0.076 0.10 . . .
0.889, incl to 1.47 0.11 0.11 0.13
1.47, incl to 2.11 0.13 0.13 0.14
2.11, incl to 3.05 0.17 0.17 0.17
3.05, incl to 3.40 0.18 0.19 0.20

A Editorially corrected.

TABLE 7 Length Tolerances

Specified Length, mm Tolerance, all Plus, mm

Up to 4500 2.4
Over 4500–6000, incl 3.2
Over 6000–10 000, incl 4.0
Over 10 000–18 000, incl 9.5
Over 18 000–30 000, inclA 13

A Condenser tubes in lengths over 30 000 mm are not in present demand.
Tolerance values for the lengths will be developed as experience dictates.
Tolerance values for lengths in wall thicknesses of 0.508, inclusive to 0.813 shall
be as agreed upon between the manufacturer or supplier and the purchaser.

TABLE 8 Diameter Tolerances

Outside Diameter,
mm

Wall Thickness, mm

0.508A

0.559
0.635
0.711

0.813 0.889 1.07
1.24 and

Over

Diameter Tolerance, Plus and Minus, mm

Up to 12, incl 0.076 0.064 0.064 0.064 0.064
Over 12–18, incl 0.10 0.10 0.10 0.089 0.076
Over 18–25, incl 0.15 0.15 0.13 0.11 0.10
Over 25–35, incl . . . . . . . . . 0.20 0.13
Over 35–50, incl . . . . . . . . . . . . 0.15
Over 50–79, incl . . . . . . . . . . . . 0.17

A Tolerances in this column are applicable to light drawn and drawn tempers
only. Tolerances for annealed tempers shall be as agreed upon between the
manufacturer and the purchaser.
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14.2.1 Tubes Ordered to Minimum Wall—No tube wall at its
thinnest point shall be less than the specified wall thickness.
The maximum plus deviation from the specified wall at any
point shall not exceed twice the values shown in Table 6.

14.2.2 Tubes Ordered to Nominal Wall—The maximum
plus and minus deviation from the nominal wall at any point
shall not exceed the values shown in Table 6.

14.3 Length—The length of the tubes shall not be less than
that specified when measured at a temperature of 20°C, but
may exceed the specified value by the amounts given in Table
7.

14.4 Squareness of Cut—The departure from squareness of
the end of the tube shall not exceed the following:

Tube, Outside
Diameter, mm

Tolerance

Up to 15.9, incl 0.25 mm
Over 15.9 0.016 mm/mm of diameter

14.5 For the purpose of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the specified limiting values for any
dimension may be cause for rejection.

15. Workmanship, Finish, and Appearance

15.1 Roundness, straightness, uniformity of the wall thick-
ness, and inner and outer surface of the tube shall be such as to
make it suitable for the intended application. Unless otherwise
specified on the purchase order, the cut ends of the tubes shall
be deburred by use of a rotating wire wheel or other suitable
tool.

15.2 Annealed-temper or stress-relieved tubes shall be clean
and smooth but may have a superficial, dull iridescent film on
both the inside and the outside surface. Drawn-temper tubes
shall be clean and smooth, but may have a superficial film of
drawing lubricant on the surfaces.

16. Sampling

16.1 Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:

16.1.1 Lot Size—600 tubes or 4550 kg or fraction of either,
whichever constitutes the greater weight.

16.1.2 Portion Size—Sample pieces from two individual
lengths of finished product.

16.2 Samples taken for the purpose of the tests prescribed in
the specification shall be selected in a manner that will
represent correctly the material furnished and avoid needless
destruction of finished material when samples representative of
the material are available from other sources.

17. Number of Tests and Retests

17.1 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
millings, etc., shall be taken in approximately equal weight
from each of the sample pieces selected in accordance with
16.1.2 and combined into one composite sample. The mini-
mum weight of the composite sample that is to be divided into
three equal parts shall be 150 g.

17.1.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining

conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semifinished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

17.1.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

17.1.1.2 When samples are taken from the semi-finished
product, a sample shall be taken to represent each 4550 kg or
fraction thereof, except that not more than one sample shall be
required per piece.

17.1.1.3 Because of the discontinuous nature of the process-
ing of castings into wrought products, it is not practical to
identify specific casting analysis with a specific quantity of
finished material.

17.1.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

17.2 Other Tests—For tests specified in Sections 8-12
inclusive, specimens shall be taken from each of the pieces
selected in accordance with 16.1.2.

17.3 If any test specimen representing a lot fails to conform
to the requirements of Sections 6-12, two additional specimens,
at the option of the manufacturer, may be taken as before, and
submitted for check analysis or subjected to any tests in which
the original specimen failed, but each of these specimens shall
conform to the requirements specified.

18. Test Methods

18.1 The properties and chemical compositions enumerated
in this specification shall, in case of disagreement, be deter-
mined in accordance with the following ASTM methods:

Test ASTM Designation

Chemical analysis E 53, E 54, E 62, E 75, E 478
Grain size E 112
Expansion (pin test) B 153
Mercurous nitrate B 154
Tension E 8
Nondestructive test E 243

18.2 The surface of the test specimen for microscopical
examination shall approximate a radial longitudinal section of
the tube.

18.3 Tubes selected for test shall be subjected to the tension
test which shall, in case of disagreement, be made in accor-
dance with Test Methods E 8. The tension test specimen shall
be of the full section of the tube and shall conform to the
requirements of the section. Specimens for Pipe and Tube, of
Test Methods E 8, unless the limitations of the testing machine
preclude the use of such a specimen. Test specimens conform-
ing to Type No. 1 of Fig. 13, Tension Test Specimens for
Large-Diameter Tubular Products, of Test Methods E 8 may be
used when a full-section specimen cannot be tested.

18.4 Whenever tension test results are obtained from both
full-size and from machined specimens and they differ, the
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results obtained from full-size test specimens shall be used to
determine conformance to the specification requirements.

18.5 Tension test results on material covered by this speci-
fication are not seriously affected by variations in speed of
testing. A considerable range of testing speed is permissible;
however, the range of stressing to the yield strength should not
exceed 690 MPa/min. Above the yield strength, the movement
per minute of the testing machine head under load should not
exceed 0.5 mm/mm of gage length (or distance between grips
for full-section specimens).

19. Significance of Numerical Limits

19.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29:

Property
Rounded Unit for Observed

or Calculated Value

Chemical composition nearest unit in the last right-hand place of
figures

Tensile strength
Yield strength
Elongation J nearest 5 MPa

nearest 1 %
Grain size nearest multiple of 0.005 mm

20. Inspection

20.1 The manufacturer shall inspect and make necessary
tests to verify that the tubes furnished conform to the require-
ments of this specification.

20.2 If in addition the purchaser elects to perform his own
inspection, the manufacturer shall afford the inspector all
reasonable facilities to satisfy him that the tubes are being
furnished in accordance with this specification. All tests
(except check analysis) and inspection shall be made at the
place of manufacture before shipment, unless otherwise speci-
fied, and shall be so conducted as not to interfere with the

operation of the works. When automated finishing and inspec-
tion equipment is available at a facility, purchaser and supplier
may by mutual agreement accomplish the final inspection
simultaneously.

21. Rejection and Rehearing

21.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the manufacturer or supplier promptly and in writing. In case
of dissatisfaction with the results of the test, the manufacturer
or supplier may make claim for a rehearing.

22. Certification

22.1 When specified on the purchase order the manufacturer
shall furnish to the purchaser a certificate stating that each lot
has been sampled, tested, and inspected in accordance with this
specification and has met the requirements. When material is
specified to meet the requirements ofASME Boiler and
Pressure Vessel Code,the certification requirements are man-
datory.

23. Packaging and Package Marking

23.1 The material shall be se parated by size, composition,
and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

23.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, shape, total length or piece count, or both, and name of
supplier. The specification number shall be shown, when
specified.

24. Mill Test Report

24.1 When specified on the purchase order, the manufac-
turer shall furnish to the purchaser a test report showing results
of tests required by the specification.

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:
Fed. Std. No. 102 Preservation, Packaging and Packing

Levels6

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)6

Fed. Std. No. 185 Identification Marking of Copper and
Copper-Base Alloy Mill Products6

S1.1.2 Military Standard:

MIL-STD-129 Marking for Shipment and Storage6

S1.1.3 Military Specification:6

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products6

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the

6 Available from Standardization Documents Order Desk. Bldg. 4 Section D. 700
Robbins Ave., Philadelphia, PA 19111-5094. ATTN: NPODS.
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inspections or tests set forth when such inspections and tests
are deemed necessary to ensure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade or class and shall be preserved and

packaged, Level A or C, packed, Level A, B, or C, as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIX

(Nonmandatory Information)

X1. DENSITY OF COPPER AND COPPER ALLOYS

X1.1 The densities of the alloys covered by this specifica-
tion are given in Table X1.1.

TABLE X1.1 Densities

Copper or Copper Alloy UNS No. Density, g/cm3

C10100, C10200, C10300, C10800,
C12000, C12200, C14200

8.94

C19200 8.86
C23000 8.75
C28000 8.39
C44300, C44400, C44500 8.53
C60800 8.17
C61300, C61400 7.89
C68700 8.33
C70400 8.94
C70600 8.94
C71000 8.94
C71500 8.94
C71640 8.94
C72200 8.94

B 111M – 98 (2004)
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue B 111M – 93
that may impact the use of this standard.

(1) Tables 6 and 8 were modified to include tolerances for
diameters over 50 mm up to and including 79 mm.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 115 – 00

Standard Specification for
Electrolytic Copper Cathode 1

This standard is issued under the fixed designation B 115; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification establishes the requirements for elec-
trolytic copper cathode; electrorefined and electrowon.

1.2 Units—The values stated in inch-pound units are the
standard. The values given in parentheses are mathematical
conversions to SI units, which are provided for information
only, and are not considered the standard.

1.3 The following hazard caveat applies to the test methods
described in Annex A2 of this specification:This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

NOTE 1—Cathode produced to this specification corresponds to the
designation“ Cath” as defined in Classification B 224 and may be used to
produce all other coppers listed in Classification B 224 that are normally
produced from “Cath” copper.

NOTE 2—Grade 1 cathode conforms to the chemical compositional
requirements of Copper UNS No. C11040, except for oxygen, and is
suitable for the manufacture of wire rod as designated in Specification
B 49.

2. Referenced Documents

2.1 ASTM Standards:
B 49 Specification for Copper Rod Drawing Stock for

Electrical Purposes2

B 193 Test Method for Resistivity of Electrical Conductor
Materials3

B 224 Classification of Coppers2

B 846 Terminology for Copper and Copper Alloys2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 50 Practices for Apparatus, Reagents, and Safety Precau-
tions for Chemical Analysis of Metals5

E 53 Methods for Chemical Analysis of Copper5

3. Terminology

3.1 For definition of general terms related to copper and
copper alloys, refer to the current editions of Classification
B 224 and Terminology B 846.

4. Ordering Information

4.1 Orders for product shall include the following informa-
tion, as applicable:

4.1.1 ASTM designation and year of issue (for example,
B 115 – XX),

4.1.2 Cathode grade (Table 1),
4.1.3 Size; full cathode or cut,
4.1.4 Total weight of each size.

5. Chemical Composition

5.1 The cathode furnished shall conform to the requirements
of Table 1 for the grade specified in the contract or purchase
order.

5.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
supplier and the purchaser and such agreement shall be part of
the contract or purchase order.

6. Physical Property Requirements

6.1 Electrical Resistivity:
6.1.1 The maximum electrical resistivity for product pro-

duced from Grade 2 cathode shall be 0.153 28V·g/m2 (con-
ductivity 100.0 % minimum IACS) at 20°C (68°F) annealed6

when tested in accordance with Test Method B 193. Measure-
ment error is not included in the maximum/minimum limit.

7. Dimensions, Mass, and Permissible Variations

7.1 Full-size cathodes or cathodes cut to size may be
supplied as agreed upon between supplier and purchaser.

8. Workmanship, Finish, and Appearance

8.1 Cathodes shall withstand ordinary handling without
breakage or excessive separation of nodules. They shall be

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.07 on
Refined Copper.

Current edition approved March 10, 2000. Published April 2000. Originally
published as B 115 – 38 T. Last previous edition B 115 – 95.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 02.03.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.05.

6 NBS Notebook 100available from National Technical Information Service, 528
Port Royal Rd., Springfield, VA 22161.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.



substantially free of all foreign material; for example, copper
sulfate, dirt, grease, and oil.

9. Sampling

9.1 For routine sampling of cathodes for analysis, the
method of sampling shall be at the discretion of the sampler.

9.2 In case of dispute concerning sampling for chemical
composition, or electrical resistivity, or both, the method of
sampling shall be in accordance with Annex A1.

9.3 In case of special requirements specified in the purchase
order or contract, the method of sampling shall be as agreed
between the supplier and the purchaser.

10. Number of Tests and Retests

10.1 Tests:
10.1.1 Chemical composition shall be determined as the per

element mean of at least two replicate analyses of each sample.
10.1.2 Electrical resistivity shall be determined as the mean

of results from four specimens.
10.2 Retests:
10.2.1 In the case of compositional or resistivity dispute,

retests may be made under the conditions of 9.2.
10.3 Umpire Test:
10.3.1 In the case in which retest does not settle the dispute,

further retest may be made by a qualified third-party laboratory
agreeable to both parties. This provision does not preclude
other contractual agreements.

11. Specimen Preparation

11.1 For routine testing, specimen preparation shall be at the
discretion of the preparer.

11.2 In the case of special requirements specified in the
purchaser order or contract, specimen preparation shall be as
agreed between the supplier and the purchaser.

11.3 In the case of dispute concerning specimen preparation
for chemical composition specified in Table 1 or electrical
resistivity, specimen preparation shall be in accordance with
Annex A1.

12. Test Methods

12.1 Chemical Composition:

12.1.1 For routine analysis of Grade 1 and Grade 2 cathode,
the methods of analysis used shall be at the discretion of the
analyst.

12.1.2 In the case of dispute concerning the chemical
composition, the methods of analysis shall be in accordance
with Annex A2, except for copper in Grade 2 cathode.

12.1.3 In the case of dispute concerning copper content of
Grade 2 cathode, the method of analysis shall be in accordance
with Methods E 53.

12.1.4 In the case of dispute concerning special require-
ments stated in the purchase order or contract, the methods of
analysis used shall be as agreed between the supplier and the
purchaser.

12.2 Electrical Resistivity:
12.2.1 In the case of dispute concerning electrical resistiv-

ity, the method of testing shall be in accordance with Test
Method B 193.

13. Significance of Numerical Limits

13.1 Calculated values shall be rounded to the desired
number of places as directed in Practice E 29.

14. Inspection

14.1 The producer shall inspect the product and conduct
such tests as are necessary to verify that the requirements of
this specification are met.

15. Rejection and Rehearing

15.1 Rejection:
15.1.1 Product that fails to conform to the requirements of

this specification may be rejected.
15.1.2 Rejection shall be reported to the producer or sup-

plier promptly and in writing.
15.1.3 In the case of disagreement or dissatisfaction with the

results of the test upon which rejection was based, the producer
or supplier may make claim for a rehearing.

15.2 Rehearing:
15.2.1 As a result of product rejection, the supplier may

make claim for retest to be conducted by the producer or
supplier and the purchaser. Samples of the rejected product
shall be taken in accordance with this specification and tested
by both parties as directed in this specification, or, alterna-
tively, upon agreement between both parties, an independent
laboratory may be selected for the tests using the test methods
prescribed in this specification.

16. Packaging and Package Marking

16.1 Packaging:
16.1.1 Cathodes, whether full size or cut, shall be assembled

in bundles or containers of suitable weight for handling and
shall be prepared for shipment in such a manner as to ensure
acceptance by common carrier for transportation and to afford
protection from normal hazards of transportation.

16.2 Package Marking:
16.2.1 Each cathode bundle or container shall be marked to

identify source and grade.
16.2.2 When used, metallic identifying markers shall be

firmly attached only to the strapping or shipping container.

TABLE 1 Chemical Composition

Element Grade 1A Grade 2A

Percent,%

Copper 99.95, minB

ppmC

Selenium, max 2 10
Tellurium, max 2 5
Bismuth, max 1.0 3
Group total, max 3 ...

Antimony, max 4 15
Lead, max 5 40
Arsenic, max 5 15
Iron, max 10 25
Nickel, max 10 20
Tin, max 5 10
Sulfur, max 15 25
Silver, max 25 70
Maximum allowable total 65 ...

AMeasurement error is not incorporated in the maximum limits, refer to 10.1.1.
BIncluding silver.
CDetermined from a melted sample.

B 115
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17. Keywords

17.1 cathode; copper; electrolytic copper; electrorefined
copper; electrowon copper

ANNEXES

(Mandatory Information)

A1. SAMPLING AND SPECIMEN PREPARATION OF ELECTROLYTIC CATHODE COPPER FOR
DETERMINATION OF COMPLIANCE WITH SPECIFICATION REQUIREMENTS

A1.1 Scope

A1.1.1 This practice establishes a procedure for the sam-
pling and specimen preparation of electrolytic copper cathodes,
Grades 1 and 2, for the determination of conformance with
specification requirements.

A1.1.2 Units
The values stated in inch-pound units are the standard. The

values given in parentheses are mathematical conversions to SI
units, which are provided for information only, and are not
considered the standard.

A1.1.3 This standard does not purport to address the safety
concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and
health practices and determine the applicability of regulatory
limitations prior to use.

A1.2 Terminology

A1.2.1 Definitions of Terms Specific to This Standard:
A1.2.1.1 lot—One shipment, or part of one shipment, pro-

duced by one refiner. For use other than continuous cast rod
production, shipments greater than 200 tons short shall be
subdivided into lots not exceeding 200 tons each for sampling
purposes.

A1.2.1.2 gross sample—The total number of test pieces
selected from a lot and considered representative of the lot.

A1.2.1.3 test piece—An individual cathode, or cathode part,
randomly selected from the lot.

A1.2.1.4 sample—A portion prepared from the gross
sample and considered representative of the gross sample.

A1.2.1.5 specimen—Representative fraction taken from the
sample for test.

A1.3 Selection of Cathode

A1.3.1 Nodules shall not be considered a sample represen-
tative of the lot.

A1.3.2 Cathodes for Continuous Rod Casting:
A1.3.2.1 The cathodes shall be available in the original

packing for examination.
A1.3.2.2 The quantity of cathodes required shall be that

necessary to flush the system plus 1 h of melting furnace
operation.

A1.3.2.3 All cathode bundles shall be numbered and a
random number generator shall be used to determine which
bundles shall be selected for the gross sample.

A1.3.2.4 Should there be an insufficient quantity of cath-

odes to comply with A1.3.2.2, then the procedure described in
A1.3.3 shall apply.

A1.3.3 Cathodes for Other Uses:
A1.3.3.1 Not less than 25 % of the original lot weight or 25

tons, whichever is the larger, shall be available in the original
packing for examination.

A1.3.3.2 A gross sample of 24 cathodes, or the equivalent in
sheared cathode pieces, shall be selected from a lot. To
guarantee random selection, all cathodes, or sheared cathode
pieces, of the lot shall be individually numbered, and a random
number generator shall be used to select the individual test
pieces.

A1.3.3.3 In the case of sheared cathodes, 24 full cathodes;
48 half-plate cathodes, 24 each of tops and bottoms; 96
quarter-plate cathodes, and 24 each of the four quarters, shall
be selected.

A1.3.3.4 The selection of test pieces of cathode sheared
smaller than quarter plate shall be by agreement between the
producer, or the supplier, and the purchaser.

A1.3.3.5 Alternatively, to avoid individual numbering of
cathodes, or sheared cathode pieces, in the case of large lots,
provided both parties agree, individual bundles, or containers,
may be selected on a random basis, and then individual
cathodes, or sheared cathode pieces, within each bundle, or
container, shall be numbered and test pieces selected, using a
random number generator as just described.

A1.4 Sample Preparation

A1.4.1 Cathode for Continuous Rod Casting:
A1.4.1.1 The portion used for flushing the system shall not

be used for sampling.
A1.4.1.2 The remaining gross sample, minimum of one

hour’s cast, shall be charged to the melting furnace. The rod
coils produced from the caster shall be sequentially numbered,
excluding any coils with obvious defects normally attributed to
the rod casting process.

A1.4.1.3 Chemical Composition—Each party shall select 2
coils from which a segment of rod approximately 16 in. (406
mm) in length shall be cut at the trailing ends of the coils. Each
rod segment shall be cut into 4 portions of approximate equal
lengths. The 16 portions shall be divided into 4 groups; each
group shall contain one portion from each of the 4 original rod
segments. The 4 groups of rod portions shall be placed in
separate noncontaminating containers, then sealed and identi-
fied for the supplier, the purchaser, contingency, and umpire if
necessary.
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A1.4.1.4 Electrical Resistivity—Each party shall select 2
coils from which a rod segment of sufficient length for test
shall be taken from the trailing ends of the coils. Each rod
segment shall be cold drawn into a wire about 0.080 in.
diameter (2.0 mm) and at least 160 in. in length (4 m). Each
wire coil shall be cut into 4 portions of approximately equal
length, and the 16 portions shall be individually identified. The
16 wires shall be divided into 4 groups of 4 wires each, one
from each of the 4 original rod segments; one group each for
the producer, the purchaser, and the umpire, if necessary.

A1.4.2 Cathodes for Other Uses:
A1.4.2.1 Chemical Composition:
(a) From each cathode, or sheared cathode piece, of the gross

sample a vertical strip shall be cut in such a position (see Fig.

A1.1) that the collection of the strips so cut represents all
points of the cathode, or sheared cathode piece, including the
loops (hangers) for full cathode. All vertical sections shall be
approximately the same width and cut sequentially from left to
right in the same order as that in which the cathodes were
selected.

(b) The strips selected shall be immersed in 10 % volume/
volume (v/v) hydrochloric acid at approximately 20°C for 15
min and then removed and washed in distilled or deionized
water until all visible extraneous contamination has been
removed.

(c) Where excessive copper sulfate surface contamination is
evident, the parties shall confer to determine the extent of
washing.

NOTE 1—Repeat for second set of twelve cathodes.
FIG. A1.1 Vertical Strip Sampling Pattern (Refer to A1.4.2.1( a) of text)
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(d) An electric induction or resistance furnace equipped
with a graphite, or other noncontaminating crucible and a
close-fitting lid of the same material with provision for an inert
atmosphere within the crucible shall be used for melting the
selected strips.

(e) The crucible shall first be cleaned by melting in it a
quantity of copper from the lot in question. The melt shall be
discarded.

(f) The prepared cathode strips shall be melted in the
cleaned crucible under an inert atmosphere. The molten metal
shall be thoroughly stirred with a clean graphite or other
noncontaminating rod.

(g) Where the available crucible is not large enough to melt
the composite sample, the 24 strips shall be grouped into 2 or
more batches of approximately equal weight for melting. In
such cases, the metal from each melt shall be separately
sampled.

(h) The metal shall be sampled by one of the following
methods:

(1) Ingots:Equal portions of the molten metal shall be cast
into graphite ingot moulds at the beginning, middle, and end of
the casting operation. The moulds shall provide ingots that are
at least3⁄4 by 3⁄4 in. (20 by 20 mm) in cross section and 4 to 8
in. (100 to 200 mm) in length. A sufficient number of ingots
shall be cast to provide in excess of 28 oz (800 g) of small
chips when drilled, milled, or sawn, using carbide-tipped tools.
The surplus metal not cast into ingots may be discharged by
any convenient means.

(2) Shot:Remove a portion of the molten metal using a ladle
coated with a noncontaminating mould wash. The molten
metal shall be poured into a container of deionized or distilled
water until shot in excess of 28 oz (800 g) has been produced.
The depth of the water shall be such that the metal will not
adhere to the container. Before sampling, the ladle shall be

brought to the molten metal temperature, and the pouring rate
shall be such that no metal will solidify in the ladle. The
surplus metal may be discharged by any convenient means.

(3) Pin Samples—Take in excess of 28 oz (800 g) from the
molten metal by using either commercially available evacuated
glass tubes of several millimetres in diameter and 100 to 120
mm in length, or the equipment shown in Fig. A1.2. The latter
equipment can be made by attaching a copper tube approxi-
mately 9.5-mm diameter and 400- to 500-mm length, to a
spring-loaded vacuum pump. The pin may be removed by
cutting away that portion of the tube that obviously had been
under the molten metal surface, then splitting the tube using a
small, sharp, chisel and a light hammer.

NOTE A1.1—If the vacuum pump method is elected, it is recommended
that the user ensure the cleanliness of the copper tube, and the level of the
impurities, if any, in the tube metal be determined to avoid potential
specimen contamination.

(4) Divide the sample taken into 4 portions of approximately
7 oz (200 g) each and sealed in a noncontaminating package
and individually identified; one each for the producer, the
purchaser, contingencies, and the umpire, if necessary.

A1.4.2.2 Electrical Resistivity:
(a) A minimum of 4 castings shall be made by pouring the

molten metal from (f) in A1.4.2.1 into a chill cast mould of
sufficient size to produce a wire approximately 0.080 in. in
diameter (2.0 mm) and at least 160 in. (approximately 4 m) in
length.

(b) Alternatively, the disputing parties may agree to obtain a
sample by drilling selected cathodes along the diagonals to
obtain a total of about 140-oz (4000-g) drillings. The drillings
shall be melted as described in (d) through (f) of A1.4.2.1 and
chill cast as described in the preceding paragraph.

(c) The cast form may be hot worked initially, provided care

FIG. A1.2 Pin Sampling Device
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is taken to avoid contamination, or excessive oxidation, or
both. The external oxide shall be removed and the sample cold
drawn. Each wire coil shall be cut into 4 portions of approxi-
mately equal lengths, the 16 portions thus obtained shall be
divided into 4 groups of 4 wires each, one from each of the 4
original castings; one group each for the producer, the pur-
chaser, contingencies, and the umpire if necessary.

A1.5 Specimen Preparation

A1.5.1 Continuous Cast Rod: Chemical Composition—
Chips, clippings, or drillings shall be taken from the rod sample
using a noncontaminating tool.

A1.5.2 Continuous Cast Rod: Electrical Resistivity—The
wire specimens shall be annealed in an inert atmosphere at
approximately 500°C (932°F) for 30 min and cooled to

ambient temperature under inert atmosphere. When cool, the
wires are removed and cut to test length.

A1.5.3 Cathodes for Others Uses: Chemical Composition:
A1.5.3.1 Drillings from A1.4.2.1 (seeIngots: (1)) shall be

etched in 50 % (v/v) nitric acid until the reaction is clearly
visible, then washed four times with distilled or deionized
water, once with alcohol or acetone, and air dried.

A1.5.3.2 Clean the shot (seeShot: (2)), as described in
A1.5.3.1.

A1.5.3.3 Extreme care must be exercised in the removal of
all glass from samples taken with evacuated glass tubes to
avoid contamination from the glass.

A1.5.4 Cathodes for Other Uses: Electrical Resistivity—
Prepare as described in A1.5.2.

A2. TEST METHODS FOR DETERMINATION OF COMPLIANCE WITH CHEMICAL COMPOSITION REQUIREMENTS
FOR ELECTROLYTIC COPPER CATHODE

A2.1 Scope

A2.1.1 These test methods establish the procedures for the
chemical analysis of electrolytic copper cathode for the ele-
ments with the specified limiting value stated in Table 1 of this
specification.

A2.1.2 These test methods do not purport to address all of
the safety concerns, if any, associated with their use. It is the
responsibility of the user of these test methods to consult and
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.
Special hazard statements are given in A2.10 and A2.22.

A2.1.3 The test methods are arranged in the following
order:

Sections

Antimony, arsenic, bismuth, iron, lead, nickel,
selenium, silver, tellurium, and tin by electro-
thermal atomization atomic absorption spectrometry

A2.7-A2.17

Sulfur by combustion and infrared detector A2.18-A2.29

A2.2 Significance and Use

A2.2.1 These test methods are intended to test electrolytic
copper cathode for compliance with chemical composition
requirements of Specification B 115.

A2.3 Apparatus

A2.3.1 Apparatus required for each determination is listed
in separate sections preceding the procedure.

A2.4 Reagents and Material

A2.4.1 Reagents and materials required for each test
method are listed in a separate section in the test method.

A2.5 Sampling

A2.5.1 Sampling shall be in accordance with specification
requirements.

A2.6 Rounding Calculated Values

A2.6.1 Calculated values shall be rounded to the desired
number of places as directed in Practice E 29.

TEST METHOD A—ANTIMONY, ARSENIC,
BISMUTH, IRON, LEAD, NICKEL, SELENIUM,

SILVER, TELLURIUM, AND TIN BY
ELECTROTHERMAL ATOMIZATION ATOMIC

ABSORPTION SPECTROSCOPY

A2.7 Scope

A2.7.1 This test method covers the determination of anti-
mony, arsenic, bismuth, iron, lead, nickel, selenium, silver,
tellurium, and tin in electrolytic cathode copper.

A2.8 Summary of Test Method A

A2.8.1 The test sample is dissolved in nitric acid and the
solution diluted to a known volume. An aliquot is introduced
into an electrothermal atomic absorption spectrometer with
background correction capability. The absorption of the reso-
nance line energy from the spectrum of the element is
measured and compared with that of calibration solutions of
the same element in a matched matrix.

A2.9 Significance and Use

A2.9.1 This test method is intended to test electrolytic
cathode copper for compliance with antimony, arsenic, bis-
muth, iron, lead, nickel, selenium, silver, tellurium, and tin
requirements of the specification.

A2.10 Interferences

A2.10.1 Elements normally present in electrolytic cathode
copper do not interfere.

A2.11 Hazards

A2.11.1 Warning: The ultraviolet radiation must be
shielded at all times to prevent eye damage.

A2.11.2 Arsenic trioxide (As2O3) is a hazardous reagent and
may be fatal if swallowed. Inhalation and prolonged or
repeated skin contact are to be avoided.

A2.11.3 Tellurium and tellurium compounds are hazardous
reagents and may be fatal if ingested. Avoid inhalation and
prolonged or repeated skin contact.
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A2.11.4 Selenium and selenium compounds are potentially
hazardous reagents. Avoid ingestion, inhalation, or prolonged
and repeated skin contact.

A2.11.5 For other specific precautions, refer to Practice
E 50.

A2.11.6 Technical Hazards—Warnings
A2.11.6.1 It is essential that acids and water be carefully

checked for purity to avoid contamination from this source.
A2.11.6.2 Laboratory glassware should be thoroughly

cleaned, soaked in 9 % by volume HNO3 for several hours, and
rinsed before use. Previously etched glassware should be
avoided.

A2.11.6.3 Effects of nonspecific absorption and light scat-
tering must be compensated by matrix matching of calibration
solutions and background correction.

A2.11.6.4 Matrix Modifiers—The copper matrix reduces
loss for most elements during the char step. Modifiers such as
magnesium nitrate may be found useful to stabilize further
elements like nickel and tin.

A2.11.6.5 Should lack of homogeneity be suspect in the test
material, a 10-g sample, weighed to the nearest 1 mg should be
taken and diluted to 1 L with the appropriate amount of acid.

A2.11.6.6 The lower limit of elemental determination is
affected by the residual level of the element in the copper.

A2.11.6.7 Optimum settings for operating parameters vary
instrument to instrument and must be experimentally estab-
lished for a particular instrument.

A2.12 Apparatus

A2.12.1 Atomic Absorption Spectrometer and Electrother-
mal Atomizer—The instrument shall be equipped with a
background corrector and high speed readout electronics or a
high-speed recorder, or both. The instrument should be capable
of using single-element hollow cathode lamps or electrodeless
discharge lamps. Follow the manufacturer’s manual for instal-
lation and system operation.

A2.12.2 Graphite Tubes—Pyrolytically coated graphite
tubes and L’vov platforms for use in the electrothermal
atomizer.

A2.12.3 Micropipets—5 to 250 µL.
A2.12.4 Operating Parameters—Determine the sample size

and optimum electrothermal atomizer parameters for the type
of atomizer used as recommended by the instrument manufac-
turer. The analytical lines are as follows:

Element Wavelength, nm

Antimony 217.6
Arsenic 193.9
Bismuth 223.0
Iron 248.3
Lead 283.3
Nickel 232.0
Selenium 196.0
Silver 328.1
Tellurium 214.3
Tin 224.6

A2.13 Reagents and Materials

A2.13.1 Acids—Acids, hydrochloric and nitric, should be
carefully checked for purity to ensure they do not contaminate
the analysis.

A2.13.2 Water—The quality of the water should be care-

fully checked for purity to ensure it does not contaminate the
analysis.

A2.13.3 Argon—Purity: 99.98 %, min.
A2.13.4 Copper Solution (1 mL5 50-mg Cu)—Transfer 10

g of certified high purity copper (NBS SRM 393 or equivalent)
into a 250-mL beaker. Add 25-mL water and 25-mL HNO3 in
5-mL increments. After the last increment addition, heat gently
to dissolve the copper and expel the brown fumes. Cool,
transfer to a 200-mL volumetric flask, dilute to volume with
50 % by volume HNO3 and mix.

A2.13.4.1 Known impurities in the copper metal must be
considered when determining specific element ppm concentra-
tion in Table A2.1 and Table A2.2.

A2.13.5 Antimony Standard Solution (1 mL5 0.10-mg
Sb)—Dissolve 0.2740 g of potassium antimony tartrate
(KSbC4H4O7·1/2H2O; purity: 99.9 %, min) with water in a
250-mL beaker. Transfer to a 500-mL volumetric flask, dilute
to volume and mix.

A2.13.6 Arsenic Standard Solution (1 mL5 0.10-mg As)—
Dissolve 0.1320 g of arsenic trioxide (As2O3; purity: 99.9 %,
min) in a 100-mL beaker with one or two pellets of potassium
hydroxide (KOH) in 50 mL of water. Heat gently to dissolve
the salt. Transfer to a 500-mL volumetric flask. Add 50-mL
HNO3, dilute to volume and mix.

A2.13.7 Bismuth Standard Solution (1 mL5 0.10- mg Bi)—
Dissolve 50 mg of bismuth (Bi; purity: 99.90 %, min) in 10 mL
of 25 % by volume HNO3. Heat gently to dissolve the metal
and expel the brown fumes. Cool, transfer to a 500-mL
volumetric flask. Add 50-mL HNO3, dilute to volume and mix.

A2.13.8 Iron Standard Solution (1 mL5 0.10-mg Fe)—
Dissolve 50 mg of iron (Fe; purity: 99.9 %, min) in 10-mL
HNO3. Heat gently to dissolve the iron and expel the brown
fumes. Cool, transfer to a 500-mL volumetric flask. Add 50-mL
HNO3, dilute to volume and mix.

A2.13.9 Lead Standard Solution (1 mL5 0.10-mg Pb)—
Dissolve 50-mg lead (Pb; purity: 99.9 %, min) in 10 mL of
25 % by volume HNO3. Heat gently to dissolve the lead and
expel the brown fumes. Cool, transfer to a 500-mL volumetric
flask. Add 50-mL HNO3, dilute to volume and mix.

A2.13.10 Nickel Standard Solution (1 mL5 0.10-mg Ni)—
Dissolve 50-mg nickel (Ni; purity: 99.9 %, min) in 20 mL of
50 % by volume HNO3. Heat gently to dissolve the nickel and
expel the brown fumes. Cool, transfer to a 500-mL volumetric
flask. Add 50-mL HNO3, dilute to volume and mix.

A2.13.11 Selenium Standard Solution (1 mL5 0.10-mg
Se)—Dissolve 70.3-mg selenium dioxide (SeO2; purity;
99.0 %, min) in 50-mL water. Transfer to a 500-mL volumetric
flask. Add 50-mL HNO3, dilute to volume and mix.

A2.13.12 Silver Standard Solution (1 mL5 0.10-mg Ag)—
Dissolve 50-mg silver (Ag; purity: 99.9 %, min) in 20 mL of

TABLE A2.1 Calibration Solution

Flask No. µL
ppm: As, Sb, Bi, Fe, Pb,

Ni, Ag, Se, and Te

1 5 0.5
2 10 1.0
3 25 2.5
4 50 5.0
5 100 10.0
6 250 25.0

B 115

7



50 % by volume HNO3. Heat gently to dissolve the silver and
expel the brown fumes. Cool, transfer to a 500-mL volumetric
flask. Add 50-mL HNO3, dilute to volume and mix.

A2.13.13 Tellurium Standard Solution (1 mL5 0.10-mg
Te)—Dissolve 50-mg tellurium (Te; purity: 99.9 %, min) in
10-mL HNO3. Heat gently to dissolve the tellurium and expel
the brown fumes. Cool, transfer to a 500-mL volumetric flask.
Add 50-mL HNO3, dilute to volume and mix.

A2.13.14 Tin Standard Solution (1 mL5 0.10-mg Sn)—
Dissolve 50-mg tin (Sn; purity: 99.9 %, min) in 75 mL of 33 %
by volume HCl. Heat gently to dissolve the tin. Cool, transfer
to a 500-mL volumetric flask, dilute to volume and mix.

A2.14 Calibration

A2.14.1 Calibration Solutions—Using micropipets, transfer
to individual 100-mL volumetric flasks the volume of each
standard solution as indicated in Table A2.1 and Table A2.2:

A2.14.1.1 Add 20 mL of the copper standard solution to
each flask in both tables, dilute to volume and mix. Known
impurities in the copper standard solution must be considered
when determining final specific element ppm concentration in
both tables.

A2.14.2 Instrument Parameters:
A2.14.2.1 Set the required instrument parameters and align

the electrothermal atomizer according to the manufacturer’s
recommendation.

A2.14.2.2 Determine the optimum electrothermal atomizer
parameters for the particular type atomizer and sample size as
recommended by the instrument manufacturer.

A2.14.3 Spectrometry:
A2.14.3.1 Zero the instrument or set the base line on the

recorder, or both.
A2.14.3.2 Check the zero stability and lack of spectral

interference within the atomization system by running the
preset heating program for blank firing of the electrothermal
atomizer. Repeat to ensure baseline stability.

A2.14.3.3 Inject and atomize the calibration solutions in the
order of increasing concentrations. Inject each solution three
times and record the readings. Should good replication not be
achieved, repeat the process.

A2.14.3.4 Check for memory effects by running the blank
firing program and reset the zero, or baseline, if necessary.

A2.14.3.5 Plot the average reading from each calibration
versus concentration of the analyte in the calibration solution.

A2.14.3.6 For systems with direct instrument calibration,
ensure that a sufficient number of each calibration solutions is
injected and atomized to determine that proper calibration is
achieved.

A2.15 Procedure

A2.15.1 Dissolve a 1-g sample, weighed to the nearest 1
mg, in a 100-mL beaker with 20 mL of 50 % by volume HNO3.
Heat gently to dissolve the copper and expel the brown fumes.
Transfer to a 100-mL volumetric flask. Cool, dilute to volume,
and mix.

A2.15.2 Ensure that the test solution is within 1°C of the
calibration solutions. Inject and atomize the test solution for
three readings and record the observations.

A2.16 Calculations

A2.16.1 Calculate the concentration of each element to be
determined using the analytical curves prepared in A2.14.3.5.

A2.16.2 Systems with direct reading capability will provide
results in the calibration concentration units.

A2.17 Precision and Bias

A2.17.1 Precision—It is not possible to specify the preci-
sion of this test method but it is dependent upon the care given
to sample preparation of the calibration solutions as well as the
purity of the reagents.

A2.17.2 Bias—No information can be presented on the bias
of this test method but it is dependent on the care given to the
preparation of the calibration solutions as well as the purity of
the reagents.

TEST METHOD B—SULFUR BY COMBUSTION AND
INFRARED DETECTOR

A2.18 Scope

A2.18.1 This test method covers the determination of sulfur
in electrolytic cathode copper.

A2.19 Summary of Test Method B

A2.19.1 The sulfur is converted to sulfur dioxide (SO2) by
combustion in a stream of oxygen and the SO2 is measured by
infrared absorption.

A2.19.2 This test method is written for use with commercial
analyzers equipped to carry out the operations automatically.

A2.20 Interferences

A2.20.1 The elements ordinarily present do not interfere.

A2.21 Apparatus

A2.21.1 Combustion and Analyzing Instrumentation, ca-
pable of making the required measurements.

A2.22 Reagents and Material

A2.22.1 Reagents:
A2.22.1.1 Accelerator—Use the accelerator recommended

by the instrument manufacturer which, for copper, should be
sulfur and tin free.

A2.22.1.2 Oxygen, ultra high purity (purity: 99.95 % min):
Other grades of oxygen may be used if sulfur free, or the
oxygen may be purified as described in Practice E 50.

A2.22.2 Materials:
A2.22.2.1 Crucibles—Use crucibles recommended by the

manufacturer, or equivalent.

TABLE A2.2 Calibration Solution

Flask No. µL
ppm: As, Sb, Bi, Fe, Pb, Ni,

Se, Sn, and Te

7 5 0.5
8 10 1.0
9 25 2.5

10 50 5.0
11 100 10.0
12 250 25.0
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A2.22.2.2 Crucible Tongs, capable of handling recom-
mended crucibles.

A2.23 Hazards

A2.23.1 For precautions to be observed in the use of certain
reagents in this test method refer to Practice E 50.

A2.23.2 Use care when handling hot crucibles and operat-
ing the furnace to avoid burns and electrical shock.

A2.24 Preparation of Apparatus

A2.24.1 Assemble the apparatus and test the apparatus as
recommended by the manufacturer.

A2.25 Sample Preparation

A2.25.1 The sample should be uniform in size but not finer
than 40 mesh.

A2.26 Calibration

A2.26.1 Calibration Reference Materials—Select a mini-
mum of two reference materials with sulfur content near the
mid-point and high limit.

A2.26.2 Instrument Calibration—Calibrate according to the
manufacturer’s instructions.

A2.27 Procedure

A2.27.1 Stabilize the furnace and analyzer according to the
manufacturer’s instruction.

A2.27.2 Transfer the weight of sample recommended by the
manufacturer into a crucible and the add same amount of
accelerator used in the calibration. Proceed as directed by the
manufacturer’s instructions.

A2.28 Calculations

A2.28.1 Since most commercially available instruments
calculate percent concentrations directly, including corrections
for blank and sample weight, calculations by the analyst are not
required.

A2.29 Precision and Bias

A2.29.1 Precision—It is not possible to specify the preci-
sion of this test method but it is dependent upon the care given
to sample preparation and the preciseness of calibration.

A2.29.2 Bias—No information can be presented on the bias
of this test method but it is dependent on the care given to the
preparation and analysis of the sulfur standards as well as their
homogeneity.

SUMMARY OF CHANGES

This section identifies the location of selected changes to this specification that have been incorporated since
the 1995 issue as follows:

(1) Changed title of specification.
(2) Updated the following sections: Scope, Referenced

Documents, Terminology, Ordering Information, Number of

Tests and Retests, Rejection and Hearing, Packaging and
Package Marking, Keywords, Annex A1, Annex A2, and
Summary of Changes.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Designation: B 121/B 121M – 01

Standard Specification for
Leaded Brass Plate, Sheet, Strip, and Rolled Bar 1

This standard is issued under the fixed designation B 121/B 121M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for
copper-zinc-lead alloys (leaded brass) plate, sheet, strip, and
rolled bar. The following alloys are covered:

Nominal Composition, %
Copper Alloy Previously Used

UNS No.2 Designation Copper Zinc Lead Iron

C33500 2 65.0 34.5 0.5 ...
C34000 3 65.0 34.0 1.0 ...
C34200 5 65.0 33.0 2.0 ...
C35000 ... 61.5 37.4 1.1 ...
C35300 4 61.2 37.0 1.8 ...
C35600 6 61.2 36.3 2.5 ...

1.2 The values stated in either inch-pound units or SI units
are to be regarded separately as standard. Within the text, the
SI units are shown in brackets. The values stated in each
system are not exact equivalents; therefore, each system shall
be used independently of the other. Combining values from the
two systems may result in nonconformance with the specifi-
cation.

2. Referenced Documents

2.1 The following documents in the current issue of Book of
Standards form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:
B 248 Specification for General Requirements for Wrought

Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar2

B 248M Specification for General Requirements for
Wrought Copper and Copper-Alloy Plate, Sheet, Strip, and
Rolled Bar [Metric]2

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]3

E 76 Test Methods for Chemical Analysis of Nickel Copper
Alloys4

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

E 527 Practice for Numbering Metals and Alloys (UNS)5

3. General Requirements

3.1 The following sections of Specification B 248 constitute
part of this specification:

3.1.1 Terminology—Definitions,
3.1.2 Materials and Manufacturing,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling—except for chemical analysis,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods—except for chemical analysis,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Test Reports (Mill),
3.1.13 Packaging and Package Marking, and
3.1.14 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 4.1 appears in this specification, it contains
additional requriemetns, which supplement those appearing in
Specification B 248.

4. Terminology

4.1 Definitions—For standard terms related to copper and
copper alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Orders for product should include the following infor-
mation, as applicable:

5.1.1 ASTM designation and year of issue (B 121/B 121M-
XX).

5.1.2 Copper (alloy) UNS No. designation,
1 This specification is under the jurisdiction of ASTM Committee B05 on Copper

and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved April 10, 2001. Published August 2001. Originally
published as B 121 – 39 T. Last previous edition B 121 – 95.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.

4 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.
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5.1.3 Temper (Section 8),
5.1.4 Dimensions: thickness and width (see 12.1.1 and

12.1.2),
5.1.5 Type of edge, if required: slit, sheared, sawed, square

corners, rounded corners, rounded edges, or full-rounded edges
(see 12.1.5),

5.1.6 How furnished (straight lengths or coils),
5.1.7 Lengths (see 12.1.3),
5.1.8 Weight: total for each size, and
5.2 In addition, when product is purchased for agencies of

the U. S. Government, it shall conform to the Supplementary
Requirements as defined in Specification B 248 or B 248M
when specified in the contract or purchase order.

6. Materials and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be a cast bar, cake,

slab, etc. of copper alloy UNS No. C35500, C34000, C34200,
C35000, C35300, or C35600 as specified in the ordering
information.

6.1.2 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 1—Because of the discontinuous nature of the processing of
castings into wrought products, it is not always practical to identify a
specific casting analysis with a specific quantity of finished material.

6.2 Manufacture:
6.2.1 The product shall be manufactured by such hot work-

ing, cold working, and annealing processes as to produce a
uniform wrought structure in the finished product.

6.2.2 The product shall be hot or cold worked to the finished
size and subsequently annealed, when required, to meet the
temper properties specified in the ordering information.

6.2.3 Edges—Slit edges shall be furnished unless otherwise
specified in the contract or purchase order.

7. Chemical Composition

7.1 The materials shall conform to the compositions pre-
scribed in Table 1.

7.2 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser.

7.3 Either copper or zinc may be taken as the difference
between the sum of all elements analyzed and 100 %. When all
elements in Table 1 are analyzed, their sum shall be as shown
in the table below.

Copper Alloy UNS No.
Copper Plus Named

Elements, % min.

C33500 99.6
C34000 99.6
C34200 99.6
C35000 99.6
C35300 99.5
C35600 99.5

8. Temper

8.1 Rolled Material—The standard tempers of rolled prod-
uct are as designated in Table 2 in the column entitled “Temper
Standard.” Special or nonstandard tempers are subject to
negotiation between manufacturer or supplier and purchaser.

8.2 Annealed Material—The standard tempers of annealed
product are as designated in Table 3 in the column entitled
“Standard Temper Designation.” Special or nonstandard tem-
pers are subject to negotiation between manufacturer or sup-
plier and purchaser.

9. Mechanical Property Requirements

9.1 Tensile Strength:
9.1.1 Products ordered to this specification in inch-pound

units shall be tested in accordance with Test Methods E 8, and
shall conform to tensile strength requirements prescribed in ksi
units in Table 2.

9.1.2 Products ordered to this specification in SI units shall
be tested in accordance with Test Methods E 8M, and shall
conform to tensile strength requirements prescribed in MPa
units in Table 2.

9.1.3 Acceptance or rejection of roll temper product based
on mechanical properties shall depend only on the tensile
strength.

9.2 Rockwell Hardness:
9.2.1 Rockwell hardness tests offer a quick and convenient

method of checking leaded brass of any temper for general
conformity to the requirements for tensile strength or grain
size. The approximate Rockwell hardness values for the rolled
tempers are given in Table 2, and those for the annealed
tempers of material 0.015 in. [0.381 mm] and over in thickness
are given in Table 4 for general information and assistance in
testing.

9.2.2 Rockwell hardness test results shall not be used as a
basis for product rejection.

10. Grain Size for Annealed Tempers

10.1 Grain size shall be the standard requirement for all
products in the annealed tempers.

10.2 Acceptance or rejection based upon grain size shall
depend only on the average grain size of test specimens taken
from each of two sampling portions and each specimen shall be
within the limits prescribed in Table 3 when determined in
accordance with Test Methods E 112.

10.3 Grain size shall be determined on a plane parallel to the
flat surfaces of the product.

11. Other Requirements

11.1 Purchases for U.S. Government Agencies—When
identified in the contract or purchase order, product purchased
for agencies of the U.S. Government shall conform to the

TABLE 1 Chemical Requirements

Copper Alloy
UNS No.

Composition

Copper Lead Iron Zinc

C33500 62.0–65.0 0.25–0.7 0.10 max remainder
C34000 62.0–65.0 0.8–1.5 0.10 max remainder
C34200 62.0–65.0 1.5–2.5 0.10 max remainder
C35000 60.0–63.0 0.8–2.0 0.10 max remainder
C35300 60.0–63.0 1.5–2.5 0.10 max remainder
C35600 60.0–63.0 2.0–3.0 0.10 max remainder
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special government requirements stipulated in the supplemen-
tal requirements given in Specification B 248.

12. Dimensions, Mass, and Permissible Variations

12.1 The inch-pound dimensions and tolerances for prod-
ucts covered by this specification shall be as prescribed in the
current edition of Specification B 248, and the SI dimensions
and tolerances covered by this specification shall be as pre-
scribed in the current edition of Specification of B 248M, with
particular reference to Section 5 and the following tables of
those specifications:

12.1.1 Thickness—
12.1.2 Width:
12.1.2.1Slit Metal and Slit Metal with Rolled Edges—
12.1.2.2Square-Sheared Metal—
12.1.2.3Sawed Metal—
12.1.3 Length:

12.1.3.1 Specific and Stock Lengths With and Without
Ends—

12.1.3.2Schedule of Lengths (Specific and Stock) with
Ends—

12.1.3.3Length Tolerances for Square-Sheared Metal—
12.1.3.4Length Tolerances for Sawed Metal—
12.1.4 Straightness:
12.1.4.1Slit Metal or Slit Metal Either Straightened or

Edge-Rolled—
12.1.4.2Square-Sheared Metal—
12.1.4.3Sawed Metal—
12.1.5 Edges—
12.1.5.1Square Edges—
12.1.5.2Rounded Corners—
12.1.5.3Rounded Edges—
12.1.5.4Full-Rounded Edges—

13. Workmanship, Finish and Appearance

13.1 The product shall be free of defects, but blemishes of
a nature that do not interfere with the intended application are
acceptable.

14. Sampling

14.1 Chemical Analysis:
14.1.1 The sample for chemical analysis shall be taken from

the pieces selected and combined into one composite sample in
accordance with Practice E 255 for product in its final form.
The minimum weight of the composite sample shall be 150 g.

14.1.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of taking
samples at the time the castings are poured or by taking
samples from the semi-finished product.

14.1.2.1 When composition of the material has been deter-
mined during the course of manufacture, sampling of the
finished product by the manufacturer is not required.

14.1.3 The number of samples to be taken for determination
of chemical composition shall be as follows:

14.1.3.1 When sampled at the time the castings are poured,
at least one sample shall be taken for each group of castings
poured from the same source of molten metal.

TABLE 2 Tensile Strength Requirements and Approximate Rockwell Hardness Values for Rolled Tempers

NOTE 1—Plate is generally available in only the O60 (soft), H01 (quarter-hard), and H02 (half-hard) tempers. Required properties for other tempers
shall be agreed upon between the manufacturer and the purchaser at the time of placing the order.

Temper DesignationA Tensile Strength Approximate Rockwell HardnessB

Standard Former ksiC [MPa]D B Scale Superficial 30-T
Min Max

Copper Alloy UNS Nos. C33500, C34000, C34200, C35000, C35300, C35340, and C35600

H01 quarter-hard 49 [340] 59 [405] 40–65 43–60
H02 half-hard 55 [380] 65 [450] 57–74 54–66
H04 hard 68 [470] 78 [540] 76–84 68–73
H06 extra-hard 79 [545] 89 [615] 83–89 73–76
H08 springE 86 [595] 95 [655] 87–92 75–78
H10 extra-springE 909 [620] 99 [685] 88–93 76–79

A Standard designations defined in Practice B 601.
B Rockwell Hardness values apply as follows:

The B scale hardness values apply to metal 0.020 in. (0.508 mm) and over in thickness, and
The 30-T scale hardness values apply to metal 0.012 in. (0.305 mm) and over in thickness.

C ksi = 1000 psi.
D See Appendix.
E Spring and extra spring temper are generally furnished only in alloy No. 353.

TABLE 3 Grain Size Requirements for Annealed Material

Copper Alloy UNS No.
Standard
Temper

Designation
Grain Size, mm

Nominal Min Max

C33500, C34000,
C34200, C35000,
C34300, C34340,
and C35600 6

OS070
OS050
OS035
OS025

0.070
0.050
0.035
0.025

0.050
0.035
0.025
0.015

0.100
0.070
0.050
0.035

TABLE 4 Approximate Rockwell Hardness of Annealed Material

Nominal Grain
Size, mm

Standard
Temper

Designation

Approximate Rockwell HardnessA

F Scale Superficial 30-T

Copper Alloy UNS Nos. C33500, C34000, C34200, C35000,
C35300, and C35600

0.070 OS070 54–67 12–27
0.050 OS050 61–73 20–35
0.035 OS035 65–76 25–38
0.025 OS025 67–69 27–42

A Rockwell hardness values apply as follows:
The F scale hardness values apply to metal 0.020 in. (0.508 mm) and over in

thickness, and
The 30-T scale hardness values apply to metal 0.015 in. (0.381 mm) and over

in thickness.
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14.1.3.2 When sampled from the semi-finished product, at
least one sample shall be taken to represent each 10 000 lb, or
fraction thereof, except that not more than one sample shall be
required per piece.

14.1.3.3 Only one sample need be taken from the semi-
finished product of one cast bar from a single furnace melt
charge continuously processed.

14.1.3.4 When the material is cast in the horizontal continu-
ous casting mode, at least one sample will be taken to represent
the composition of the holder per cast coil.

15. Test Methods

15.1 Chemical Analysis:
15.1.1 Chemical composition shall be determined, in case of

disagreement, by the following appropriate method:

Element Test Method

Copper E 478
Iron E 76 (AA)
Lead E 478 (AA)
Zinc E 478 (AA)

15.1.2 Test method(s) used for the determination of ele-
ment(s) required by contractual or purchase order agreement
shall be as agreed upon between the manufacturer and the
purchaser.

16. Keywords

16.1 leaded brass plate; leaded brass rolled bar; leaded brass
sheet; leaded brass strip

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue,
B 121/B 121M – 95, that may impact the use of this standard.

(1) Added Terminology, Section 4.
(2) Revised Ordering Information.
(3) Added Section 6, Materials and Manufacture.
(4) Added Rockwell hardness to Mechanical Properties sec-
tion.

(5) Revised grain size in Section 10.
(6) Added Section 11, Other Requirements.
(7) Added Section 14, Sampling.
(8) Added Section 15, Test Methods.
(9) Removed alloy C35340 from standard.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 122/B 122M – 01

Standard Specification for
Copper-Nickel-Tin Alloy, Copper-Nickel-Zinc Alloy (Nickel
Silver), and Copper-Nickel Alloy Plate, Sheet, Strip, and
Rolled Bar 1

This standard is issued under the fixed designation B 122/B 122M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for
copper-nickel-tin alloy, copper-nickel-zinc alloy (nickel sil-
ver), and copper-nickel alloy plate, sheet, strip, and rolled bar.
The following alloys are covered:

Previously
Copper Alloy Used Nominal Composition,

UNS No.2 Designation %

Copper Nickel Zinc Tin
Chro-
mium

C70600 ... 90 10 ... ... ...
C70620 ... 86 10 ... ... ...
C71000 6 80 20 ... ... ...
C71500 5 70 30 ... ... ...
C71520 ... 65 31 ... ... ...
C72200 ... 85 15 ... ... 0.5
C72500 ... 89 9 ... 2 ...
C73500 1 72 18 10 ... ...
C74000 9 70 10 20 ... ...
C74500 3 65 10 24 ... ...
C75200 2 65 18 17 ... ...
C76200 8 59 12 29 ... ...
C77000 4 55 18 27 ... ...

NOTE 1—Plates of copper-nickel alloy Copper Alloy UNS Nos.
C70600, C70620, C71500, C71520, and C72200 for use as tube plates in
surface condensers and heat exchangers are covered by Specification
B 171/B 171M.

1.2 The values stated in either inch-pound units of SI units
are to be regarded separately as standard. Within the text, the
SI units are shown in brackets. The values stated in each
system are not exact equivalents; therefore, each system shall

be used independently of the other. Combining values from the
two systems may result in nonconformance with the specifi-
cation.

1.2.1 When the product is ordered in inch-pound units, the
inch-pound units are to be regarded as the standard except
grain size is always specified in millimetres.

1.2.2 When the product is ordered in SI units, the SI units
are to be regarded as the standard.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 171/B 171M Specification for Copper-Alloy Plate and

Sheet for Pressure Vessels, Condensers, and Heat Ex-
changers3

B 248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar3

B 248M Specification for General Requirements for
Wrought Copper and Copper-Alloy Plate, Sheet, Strip, and
Rolled Bar (Metric)3

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]4

E 112 Test Methods for Determining Average Grain Size4

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition5

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved May 10, 2001. Published August 2001. Originally
published as B 122 – 39 T. Last previous edition B 122 – 95.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 03.05.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



E 478 Test Methods for Chemical Analysis of Copper
Alloys6

E 527 Practice for Numbering Metals and Alloys (UNS)7

3. General Requirements

3.1 The following sections of Specification B 248 constitute
a part of this specification:

3.1.1 Terminology—Definitions,
3.1.2 Materials and Manufacturing,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling—except for chemical analysis,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods—except for chemical analysis,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Test Reports (Mill),
3.1.13 Packaging and Package Marking, and
3.1.14 Supplementary Requirements,
3.2 In addition, when a section with a title identical to that

referenced in 4.1 appears in this specification, it contains
additional requirements, which supplement those appearing in
Specification B 248.

4. Terminology

4.1 Definitions—For standard terms related to copper and
copper alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Orders for products under this specification should
include the following information:

5.1.1 ASTM designation and year of issue (B 122/
B 122M–01),

5.1.2 Copper (alloy) UNS number designation,
5.1.3 Temper (Section 8),
5.1.4 Dimensions: thickness and width (see Section 12),
5.1.5 Type of edge, if required: slit, sheared, sawed, square

corners, rounded corners, rounded edges, or full rounded
edges,

5.1.6 How furnished: flat or rolls,
5.1.7 Length (see Section 12), and
5.1.8 Weight: total for each size.
5.2 In addition, when material is purchased for agencies of

the U.S. government, it shall conform to the Supplementary
Requirements as defined in Specification B 248 when specified
in the contract or purchase order.

6. Materials and Manufacture
6.1 Material
6.1.1 The material of manufacture shall be a cast bar, cake,

slab, and so forth of Copper Alloy UNS No. C70600, C70620,
C71000, C71500, C71520, C72200, C72500, C73500,
C74000, C74500, C75200, C76200, or C77000 as specified in
the ordering information.

6.1.2 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 2—Because of the discontinuous nature of the processing of
castings into wrought products, it is not always practical to identify a
specific casting analysis with a specific quantity of finished material.

6.2 Manufacture:
6.2.1 The product shall be manufactured by such hot-

working, cold-working, and annealing processes as to produce
a uniform wrought structure in the finished product.

6.2.2 The product shall be hot or cold worked to the finished
size and subsequently annealed, when required, to meet the
temper properties specified in the ordering information.

6.2.3 Edges—Slit edges shall be furnished unless otherwise
specified in the contract or purchase order.

7. Chemical Composition
7.1 The material shall conform to the chemical composition

prescribed in Table 1.
6 Annual Book of ASTM Standards, Vol 03.06.
7 Annual Book of ASTM Standards, Vol 01.01.

TABLE 1 Chemical Requirements

Copper
Alloy

UNS No.

Composition, %

Copper,
incl

Silver

Nickel,
incl

Cobalt

Lead,
max

Iron,
max

Manganese,
max

Zinc Tin
Chro-
mium

Other
Named

Elements

C70600 remainder 9.0–11.0A 0.05B 1.0–1.8 1.0 1.0B max ... ... B

C70620 86.5 min 9.0–11.0 0.02 1.0–1.8 1.0 0.50 max ... ... C

C71000 remainder 19.0–23.0 0.05B 1.0 max 1.0 1.0B max ... ... B

C71500 remainder 29.0–33.0A 0.05B 0.40–1.0 1.0 1.0B max ... ... B

C71520 65.0 min 28.0–33.0 0.02 0.40–1.0 1.0 0.50 max ... ... C

C72200 remainder 15.0–18.0 0.05B 0.50–1.0 1.0 1.0B ... 0.30–0.70 B

C72500 remainder 8.5–10.5 0.05 0.6 0.2 0.5 max 1.8–2.8 ... D

C73500 70.5–73.5 16.5–19.5 0.10 0.25 max 0.50 remainder ... ... ...
C74000 69.0–73.5 9.0–11.0 0.10 0.25 max 0.50 remainder ... ... ...
C74500 63.5–66.5 9.0–11.0 0.10 0.25 max 0.50 remainder ... ... ...
C75200 63.5–66.5 16.5–19.5 0.05 0.25 max 0.50 remainder ... ... ...
C76200 57.0–61.0 11.0–13.5 0.10 0.25 max 0.50 remainder ... ... ...
C77000 53.5–56.5 16.5–19.5 0.05 0.25 max 0.50 remainder ... ... ...

A Copper plus elements with specific limits, 99.5 % min.
B When the product is for subsequent welding applications and so specified by the purchaser, zinc shall be 0.50 % max, lead 0.02 % max, phosphorus 0.02 % max, sulfur

0.02 % max, and carbon 0.05 % max.
C Phosphorus at 0.2 % max, sulfur at 0.02 % max, and carbon at 0.05 % max.
D Silicon and titanium each at 0.03 % max.
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7.2 These specification limits do not preclude the presence
of other elements. Limits may be established for unnamed
elements by agreement between manufacturer or supplier and
purchaser.

7.2.1 For copper alloys for which copper is specified as a
remainder, copper may be taken as the difference between the
sum of all the elements analyzed and 100 %. When all the
elements in Table 1 are analyzed, their sum shall be as follows:

Copper Alloy UNS No.
Copper Plus Named Ele-

ments, % min

C70600 99.5
C70620 99.5
C71000 99.5
C71500 99.5
C71520 99.5
C72200 99.8
C72500 99.8

7.2.2 For copper alloys for which zinc is specified as a
remainder, either copper or zinc may be taken as the difference
between the sum of all elements analyzed and 100 %. When all
elements in Table 1 are analyzed, their sum shall be as follows:

Copper Alloy UNS No.
Copper Plus Named Ele-

ments, % min

C73500 99.5
C74000 99.5
C74500 99.5
C75200 99.5
C76200 99.5
C77000 99.5

8. Temper

8.1 As Hot-Rolled (M20) Tempers—The standard temper of
sheet and plate produced by hot rolling and is as designated in
Table 2.

8.2 Cold Rolled (H) Tempers—The standard tempers of cold
rolled tempers are as designated in Table 2 with the prefix “H.”
Former designations and the standard designations as defined
in Practice B 601 are shown. Special or nonstandard tempers
are subject to negotiation between manufacturer and purchaser
(See 5.1.2).

8.3 Annealed Tempers—The standard tempers are indicated
in Table 3.

9. Grain Size for Annealed Tempers

9.1 Grain size shall be the standard requirement for all
products in the annealed tempers.

9.2 Acceptance or rejection based upon grain size shall
depend only on the average grain size of test specimens taken
from each of two sampling portions and each specimen shall be
within the limits prescribed in Table 3 when determined in
accordance with Test Methods E 112.

9.3 Grain size shall be determined on a plane parallel to the
flat surfaces of the product.

10. Mechanical Property Requirements

10.1 Tensile Strength Requirements:
10.1.1 Products ordered to this specification in inch-pound

units shall be tested in accordance with Test Methods E 8 and
shall conform to tensile strength requirements prescribed in ksi
units in Table 2.

10.1.2 Products ordered to this specification in SI units shall
be tested in accordance with Test Methods E 8M, and shall
conform to tensile strength requirements prescribed in MPa
units in Table 2.

10.1.3 Acceptance or rejection based on mechanical prop-
erties shall depend only on the tensile strength.

10.1.4 The tension test specimens shall be taken so the
longitudinal axis of the specimens is parallel to direction of
rolling.

10.2 Rockwell Hardness:
10.2.1 The approximate Rockwell hardness values given in

Tables 2 and 4 are for general information and assistance in
testing and shall not be used as a basis for product rejection.

NOTE 3—The Rockwell hardness test offers a quick and convenient
method of checking for general conformity to the specification require-
ments for temper, tensile strength, and grain size.

11. Other Requirements

11.1 Purchases for U.S. Government Agencies—When
identified in the contract or purchase order, product purchased
for agencies of the U.S. government shall conform to the
special government requirements stipulated in the supplemen-
tal requirements given in Specification B 248.

12. Dimensions, Mass, and Permissible Variations

12.1 The inch-pound dimensions and tolerances for prod-
ucts covered by this specification shall be as prescribed in the
current edition of Specification B 248, and the SI dimensions
and tolerances covered by this specification shall be as pre-
scribed in the current edition of Specification B 248M.

12.2 Thickness—When special thickness tolerances for
Copper Alloy UNS No. C72500 are required, see appropriate
table.

12.3 Width:
12.3.1 Slit Metal and Slit Metal with Rolled Edges.
12.3.2 Square-Sheared Metal.
12.3.3 Sawed Metal.
12.4 Length:
12.4.1 Specific and Stock Lengths With and Without Ends.
12.4.2 Schedule of Lengths (Specific and Stock) with Ends.
12.4.3 Length Tolerances for Square-Sheared Metal.
12.4.4 Length Tolerances for Sawed Metal.
12.5 Straightness:
12.5.1 Slit Metal or Slit Metal Either Straightened or

Edge-Rolled.
12.5.2 Square-Sheared Metal.
12.5.3 Sawed Metal.
12.6 Edges.
12.6.1 Square Edges.
12.6.2 Rounded Corners.
12.6.3 Rounded Edges.
12.6.4 Full-Rounded Edges.

13. Workmanship, Finish and Appearance

13.1 The product shall be free of defects, but blemishes of
a nature that does not interfere with the intended application
are acceptable.
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TABLE 2 Tensile Strength Requirements and Approximate Rockwell Hardness Values for Rolled Tempers

NOTE 1—Plate is generally available in only the as hot–rolled (M20) tempers. Required properties for other tempers shall be agreed upon between
manufacturer and purchaser at the time of placing the order.

Temper Designation
Tensile Strength, ksiA

[MPaB]
Approximate Rockwell HardnessC,D

Standard Former Min Max G Scale B Scale
Superficial

30-T

Copper Alloy UNS No. C70600† and C70620

M20 as hot-rolled 40 [275] 62 [425] ... ... ...
H01 quarter hard 51 [350] 67 [460] ... 51–78 52–70
H02 half hard 58 [400] 72 [495] ... 66–81 61–72
H04 hard 71 [490] 83 [570] ... 76–86 67–74
H06 extra hard 73 [505] 85 [585] ... 80–88 71–77
H08 spring 78 [540] 88 [605] ... 83–91 72–78

Copper Alloy UNS No. C71000

M20 as hot-rolled 38 [260] 56 [385] ... ... ...
H01 quarter hard 47 [325] 63 [435] ... 45–72 46–65
H02 half hard 56 [385] 70 [485] ... 64–78 59–69
H04 hard 67 [460] 79 [545] ... 76–84 67–73
H06 extra hard 72 [495] 84 [580] ... 79–87 69–75
H08 spring 76 [525] 87 [600] ... 82–88 71–75

Copper Alloy UNS No. C71500 and C71520

M20 as hot-rolled 45 [310] 65 [450] ... ... ...
H01 quarter hard 58 [400] 72 [495] ... 67–81 61–71
H02 half hard 66 [455] 80 [550] ... 76–85 67–74
H04 hard 75 [515] 88 [605] ... 83–89 72–76
H06 extra hard 80 [550] 92 [635] ... 85–91 73–77
H08 spring 84 [580] 94 [650] ... 87–91 74–77

Copper Alloy UNS No. C72200

M20 as hot-rolled 42 [290] 62 [425] ... ... ...
H01 quarter hard 55 [380] 67 [460] ... 63–78 58–70
H02 half hard 58 [400] 72 [495] ... 66–85 61–73
H04 hard 71 [490] 85 [585] ... 76–88 67–78
H06 extra hard 73 [505] 90 [620] ... 79–90 69–78
H08 spring 78 [540] 91 [625] ... 81–91 71–79

Copper Alloy UNS No. C72500

M20 as hot-rolled 50 [345] 70 [485] ... ... ...
H01 quarter hard 55 [380] 75 [515] ... Up to 85 Up to 72
H02 half hard 65 [450] 80 [550] ... 70–90 62–75
H04 hard 75 [515] 90 [620] ... 75–90 66–75
H06 extra hard 80 [550] 95 [655] ... 80–95 70–80
H08 spring 85 [585] 100 [690] ... 85–95 72–80
H10 extra spring 90 [620] 105 [725] ... 87–95 76–80
H14 super spring 100 [690] 125 [860] ... 92 and over 78 and over

Copper Alloy UNS No. C73500

M20 as hot-rolled 48 [330] 63 [435] ... ... ...
H01 quarter hard 56 [385] 69 [475] 20–47 66–80 60–70
H02 half hard 63 [435] 75 [515] 38–53 75–84 67–73
H04 hard 73 [505] 84 [580] 51–61 83–88 72–75
H06 extra hard 79 [545] 90 [620] 57–65 86–90 74–76

Copper Alloy UNS No. C74000

M20 as hot-rolled 48 [330] 63 [435] ... ... ...
H01 quarter hard 55 [380] 70 [485] ... 60–80 ...
H02 half hard 63 [435] 77 [530] ... 70–85 ...
H04 hard 73 [505] 87 [600] ... 79–91 ...
H06 extra hard 79 [545] 91 [625] ... 83–93 ...

Copper Alloy UNS No. C74500

M20 as hot-rolled 48 [330] 65 [450] ... ... ...
H01 hard 56 [385] 73 [505] ... 51–80 50–70
H02 half hard 67 [460] 82 [565] ... 72–87 65–75
H04 hard 80 [550] 94 [650] ... 85–92 73–78
H06 extra hard 89 [615] 102 [700] ... 90–94 76–79
H08 spring 95 [655] 108 [740] ... 92–96 77–80

Copper Alloy UNS No. C75200

M20 as hot-rolled 52 [355] 65 [450] ... ... ...
H01 quarter hard 58 [400] 72 [495] ... 50–75 49–67
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14. Sampling

14.1 Chemical Analysis:
14.1.1 The sample for chemical analysis shall be taken from

the pieces selected and combined into one composite sample in
accordance with Practice E 255 for product in its final form.
The minimum weight of the composite sample shall be 150 g.

14.1.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of taking
samples at the time the castings are poured or by taking
samples from the semifinished product.

14.1.2.1 When composition of the material has been deter-
mined during the course of manufacture, sampling of the
finished product by the manufacturer is not required.

14.1.3 The number of samples to be taken for determination
of chemical composition shall be as follows:

14.1.3.1 When sampled at the time the castings are poured,
at least one sample shall be taken for each group of castings
poured from the same source of molten metal.

14.1.3.2 When sampled from the semifinished product, at
least one sample shall be taken to represent each 10 000 lb, or
fraction thereof, except that not more than one sample shall be
required per piece.

14.1.3.3 Only one sample need be taken from the semifin-
ished product of one cast bar from a single furnace melt charge
continuously processed.

14.1.3.4 When the material is cast in the horizontal continu-
ous casting mode, at least one sample will be taken to represent
the composition of the holder per cast coil.

15. Test Methods

15.1 Chemical Analysis:
15.1.1 Chemical composition shall be determined, in case of

disagreement, by the following appropriate methods:
Element Test Method

Copper E 478
Nickel E 478 (gravimetric)
Chromium E 478 (AA)
Tin E 478 (photometric)
Zinc E 478 (AA)

15.1.2 Test methods(s) used for the determination of other
element(s) required by contractual or purchase order agreement
shall be as agreed upon between the manufacturer and the
purchaser.

16. Keywords

16.1 copper-nickel plate; copper-nickel rolled bar; copper-
nickel sheet; copper-nickel strip; copper-nickel-tin plate;
copper-nickel-tin rolled bar; copper-nickel-tin sheet; copper-
nickel-tin strip; copper-nickel-zinc plate; copper-nickel-zinc
rolled bar; copper-nickel-zinc sheet; copper-nickel-zinc strip

TABLE 2 Continued

Temper Designation
Tensile Strength, ksiA

[MPaB]
Approximate Rockwell HardnessC,D

Standard Former Min Max G Scale B Scale
Superficial

30-T

H02 half hard 66 [455] 80 [550] ... 68–82 62–72
H04 hard 78 [540] 91 [625] ... 80–90 70–76
H06 extra hard 86 [595] 98 [675] ... 87–94 74–79
H08 spring 90 [620] 101 [700] ... 89–96 75–80

Copper Alloy UNS No. C76200

M20 as hot-rolled 55 [380] 75 [515] ... ... ...
H01 quarter hard 65 [450] 81 [560] ... 61–85 57–74
H02 half hard 75 [515] 91 [625] ... 78–91 69–77
H04 hard 90 [620] 105 [720] ... 90–95 76–79
H06 extra hard 99 [685] 114 [790] ... 94–98 79–81
H08 spring 107 [740] 122 [840] ... 97–100 80 and over

Copper Alloy UNS No. C77000

M20 as hot-rolled 60 [415] 80 [550] ... ... ...
H01 quarter hard 69 [475] 87 [600] 23–62 70–88 63–75
H02 half hard 78 [540] 95 [655] 51–69 81–92 71–78
H04 hard 92 [635] 109 [750] 67–76 90–96 76–80
H06 extra hard 102 [700] 117 [810] 73–80 95–99 79–82
H08 spring 108 [740] 123 [850] 77–83 97–100 80 and over

Aksi = 1000 psi.
BSee Appendix X1.
CRockwell hardness values apply as follows: The B and G scale hardness values apply to metal 0.020 in. (0.508 mm) and over in thickness, and the 30-T scale hardness

values apply to metal 0.012 in. (0.305 mm) and over in thickness.
D Standard designation defined in Practice B 601.

TABLE 3 Grain Size Requirements for Annealed Material

Copper Alloy
UNS No.

Standard
Temper

Designa-
tionA

Grain Size, mm

Nomi-
nal

Min Max

C70600, C70620, C71000,
C71500, C71520,
C72200, C72500,
C73500, and OS035 0.035 0.025 0.050
C76200 OS015 0.015 B 0.025

C74000, C74500, OS070 0.070 0.050 0.100
C75200, and OS035 0.035 0.025 0.050
C77000 OS015 0.015 B 0.025

AStandard designation defined in Practice B 601.
BAlthough no minimum grain size is required, this material shall be fully

recrystallized.
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

TABLE 4 Approximate Rockwell Hardness of Annealed Material

Temper Approximate Rockwell HardnessA

Standard
Designation

Nominal Grain
Size, mm

B Scale F Scale
Superficial

30-T
Copper Alloy UNS No. C70600 and C70620

OS035 0.035 10–27 55–72 15–34
OS015 0.015 16–48 65–83 25–45

Copper Alloy UNS No. C71000
OS035 0.035 18–35 67–76 28–40
OS015 0.015 35–58 76–90 40–55

Copper Alloy UNS No. C71500 and C71520
OS035 0.035 23–45 70–85 31–46
OS015 0.015 37–63 74–93 40–58

Copper Alloy UNS No. C72200
OS035 0.035 14–31 ... 24–36
OS015 0.015 18–42 ... 26–41

Copper Alloy UNS No. C72500
OS035 0.035 24–39 70–81 32–42
OS015 0.015 37–61 78–92 41–58

Copper Alloy UNS No. C73500
OS035 0.035 20–35 70–80 29–40
OS015 0.015 28–55 76–90 34–53

Copper Alloy UNS No. C74000
OS070 0.070 5–20 ... ...
OS035 0.035 20–40 ... ...
OS015 0.015 35–55 ... ...

Copper Alloy UNS No. C74500
OS070 0.070 15–30 63–73 26–36
OS035 0.035 23–41 70–80 31–44
OS015 0.015 41–59 80–90 44–56

Copper Alloy UNS No. C75200
OS070 0.070 25–40 70–80 32–43
OS035 0.035 35–55 75–88 40–53
OS015 0.015 45–70 83–93 46–64

Copper Alloy UNS No. C76200
OS035 0.035 20–35 70–80 ...
OS015 0.015 28–55 76–90 ...

Copper Alloy UNS No. C77000
OS070 0.070 29–45 72–83 35–46
OS035 0.035 37–60 76–91 41–57
OS015 0.015 47–73 84–98 47–65

ARockwell hardness values apply as follows: The B and F scale hardness values
apply to metal 0.020 in. (0.508 mm) and over in thickness and the 30-T scale
hardness values apply to metal 0.015 in. (0.381 mm) and over in thickness.
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 122/B 122M-95) that may impact the use of this standard.

(1) Changed scope (covers).
(2) Added terminology section.
(3) Changed ordering information to match outline of form.
(4) Added section on materials and manufacturing.
(5) Revised sections on grain size and mechanical properties.

(6) Added section on other requirements.

(7) Added section on sampling.

(8) Added alloys C70620 and C71520 to this standard in
Section 1 (Scope) and Tables 1-4.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 124/B 124M – 00

Standard Specification for
Copper and Copper Alloy Forging Rod, Bar, and Shapes 1

This standard is issued under the fixed designation B 124/B 124M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for cop-
per and copper alloy rod, bar, and shapes intended for hot
forging. The following coppers and copper alloys are involved:

Copper UNS Nos. Copper Alloy UNS Nos.

C11000 C36500
C14500 C37000
C14700 C37700

C46400
C48200
C48500
C61900
C62300
C63000
C63200
C64200
C64210
C65500
C67500
C67600
C70620
C71520
C77400

1.2 The values stated in either inch-pound units or in SI
units are to be regarded separately as the standard. Within the
text, the SI units are shown in brackets. The values stated in
each system are not exact equivalents; therefore, each system
shall be used independent of the other. Combining values from
the two systems may result in nonconformance with the
specification.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 249 Specification for General Requirements for Wrought

Copper and Copper-Alloy Rod, Bar, Shapes, and Forgings2

B 249M Specification for General Requirements for

Wrought Copper and Copper-Alloy Rod, Bar, Shapes, and
Forgings [Metric]2

B 283 Specification for Copper and Copper-Alloy Die Forg-
ings (Hot-Pressed)2

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes3

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)3

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys3

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys3

E 121 Test Methods for Chemical Analysis of Copper-
Tellurium Alloys3

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

2.2 ISO Standard:
No. 3110, Part 2 (TC 26 Ref. No. N 670 E/F) Determination

of Aluminum Content: Flame Atomic Absorption Spectro-
metric Method5

3. General Requirements

3.1 The following sections of Specifications B 249 or
B 249M form a part of this specification:

3.1.1 Terminology,
3.1.2 Material and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Mill Test Reports,
3.1.13 Packaging and Package Marking, and
3.1.14 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1, appears in this specification, it contains
1 This specification is under the jurisdiction of ASTM Committee B05 on Copper

and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes and Forgings.

Current edition approved April 10, 2000. Published May 2000. Originally
published as B 124 – 39 T. Last previous edition B 124 – 99.

2 Annual Book of ASTM Standards,Vol 02.01.

3 Annual Book of ASTM Standards,Vol 03.05.
4 Annual Book of ASTM Standards, Vol 03.06.
5 Available from American National Standards Institute, 11 W. 42nd St., 13th

Floor, New York, NY 10036.
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*A Summary of Changes section appears at the end of this standard.
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additional requirements that supplement those appearing in
Specifications B 249 or B 249M.

4. Ordering Information

4.1 Include the following in orders for products:
4.1.1 ASTM designation and year of issue (B 124/

B 124M–XX),
4.1.2 Copper or Copper-Alloy UNS No. designation,
4.1.3 Form (rod, bar, or shape) and size,
4.1.4 Dimensions, Mass, and Permissible Variations (Sec-

tion 10),
4.1.5 Temper (Section 7),
4.1.6 Length (Section 10),
4.1.7 Quantity; total weight for each size and form,
4.1.8 When the product is purchased for agencies of the

U.S. Government.
4.2 The following options are available and should be

specified at the time of placing of the order when required:
4.2.1 Mechanical Properties for Temper designated,
4.2.2 Certification, and
4.2.3 Test Report.

5. Materials and Manufacture

5.1 Materials:
5.1.1 The material of manufacture shall be a cast rod, bar, or

billet of the designated copper or copper-alloy of such purity
and soundness to be suitable for processing in to the products
prescribed herein.

5.1.2 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired. It
should be noted that due to the discontinuous nature of the
processing of castings into wrought products, it is not always
practical to identify a specific casting analysis with a specific
quantity of finished material.

5.2 Manufacture:
5.2.1 The products shall be manufactured by such hot

working, cold working, and annealing processes as to produce
a uniform wrought structure in the finished product.

5.2.2 The product shall be hot or cold worked to the finished
size and subsequently annealed, when required, to meet the
temper designated, and mechanical properties agreed upon.

6. Chemical Composition

6.1 The material shall conform to the chemicals composi-
tonal requirements in Table 1 for the copper or copper alloy
UNS No. designation specified in the ordering information.

6.1.1 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

6.2 When the value of an element for a specified copper
alloy is identified as the “Remainder,” that “Remainder” value
shall be determined as the difference between the sum of
results for specified elements and 100 %.

6.3 For alloys in which either copper or zinc is listed as

TABLE 1 Chemical Requirements

Copper
or

Copper
Alloy
UNS
No.

Composition, %

Copper Lead Tin Iron
Nickel

(incl Co)
Aluminum Silicon Manganese Zinc Sulfur Tellurium

Phos-
phorus

Arsenic

Copper
Plus

Elements
with

Specific
Limits

Present,
min

C11000 99.90 minA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C14500B 99.90

minC
. . . . . . . . . . . . . . . . . . . . . . . . . . . 0.40–0.7 0.004–

0.012
. . . . . .

C14700B 99.90
minD

. . . . . . . . . . . . . . . . . . . . . . . . 0.20–0.50 . . . 0.002–
0.005

. . . . . .

C36500 58.0–61.0 0.25–0.7 0.25 max 0.15 max . . . . . . . . . . . . remainder . . . . . . . . . . . . 99.6
C37000 59.0–62.0 0.8–1.5 0.15 max . . . . . . . . . . . . remainder . . . . . . . . . . . . 99.6
C37700 58.0–61.0 1.5–2.5 . . . 0.30 max . . . . . . . . . . . . remainder . . . . . . . . . . . . 99.5
C46400 59.0–62.0 0.20 max 0.50–1.0 0.10 max . . . . . . . . . . . . remainder . . . . . . . . . . . . 99.6
C48200 59.0–62.0 0.40–1.0 0.50–1.0 0.10 max . . . . . . . . . . . . remainder . . . . . . . . . . . . 99.6
C48500 59.0–62.0 1.3–2.2 0.50–1.0 0.10 max . . . . . . . . . . . . remainder . . . . . . . . . . . . 99.6
C61900 remainder 0.02 max 0.6 max 3.0–4.5 . . . 8.5–10.0 . . . . . . 0.8 max . . . . . . . . . . . . 99.5
C62300 remainder . . . 0.6 max 2.0–4.0 1.0 max 8.5–10.0 0.25 max 0.50 max . . . . . . . . . . . . . . . 99.5
C63000 remainder . . . 0.20 max 2.0–4.0 4.0–5.5 9.0–11.0 0.25 max 1.5 max 0.30 max . . . . . . . . . . . . 99.5
C63200 remainder 0.02 max . . . 3.5–4.3E 4.0–4.8E 8.7–9.5 0.10 max 1.2–2.0 . . . . . . . . . . . . . . . 99.5
C64200 remainder 0.05 max 0.20 max 0.30 max 0.25 max 6.3–7.6 1.5–2.2 0.10 max 0.50 max . . . . . . . . . 0.15 max 99.5
C64210 remainder 0.05 max 0.20 max 0.30 max 0.25 max 6.3–7.0 1.5–2.0 0.10 max 0.50 max . . . . . . . . . 0.15 max 99.5
C65500 remainder 0.05 max . . . 0.8 max 0.6 max . . . 2.8–3.8 0.50–1.3 1.5 max . . . . . . . . . . . . 99.5
C67500 57.0–60.0A0.20 max 0.50–1.5 0.8–2.0 . . . 0.25 max . . . 0.05–0.50 remainder . . . . . . . . . . . . 99.5
C67600 57.0–60.0A0.50–1.0 0.50–1.5 0.40–1.3 . . . . . . . . . 0.05–0.50 remainder . . . . . . . . . . . . 99.5
C70620F 86.5 minA 0.02 max . . . 1.0–1.8 9.0–11.0 . . . . . . 1.0 max 0.50 max 0.02 max . . . 0.02 max . . . 99.5
C71520F 65.0 minA 0.02 max . . . 0.40–1.0 29.0–33.0 . . . . . . 1.0 max 0.50 max 0.02 max . . . 0.02 max . . . 99.5
C77400 43.0–47.0A0.20 max . . . . . . 9.0–11.0 . . . . . . . . . remainder . . . . . . . . . . . . 99.5

ASilver counts as copper.
BIncludes oxygen-free or deoxidized grades with deoxidizers (such as phosphorus, boron, lithium, or others) in amount agreed upon.
CThis includes copper + silver + tellurium.
DThis includes copper + silver + sulfur + phosphorus.
EIron content shall not exceed nickel content.
FCarbon shall be 0.05 %.
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“remainder,” copper or zinc is the difference between the sum
of results determined and 100 %. When all elements in Table 1
for the specified copper-alloy are determined, the sum of
results shall be as follows:

Copper Alloy UNS No. Sum of Results,
% min

C36500, C37000, C46400, C48200, C48500 99.6
C37700, C61900, C62300, C63000, C63200,
C64200, C64210, C65500, C67500, C67600,
C70620, C71520, C77400

99.5

7. Temper

7.1 The standard tempers for products described in this
specification are as follows:

7.1.1 H50—Extruded and drawn.
7.1.2 M20—As hot-rolled.
7.1.3 M30—As hot-extruded.

8. Mechanical Property Requirements

8.1 Mechanical properties, if any, are subject to agreement
between the manufacturer and the purchaser.

9. Other Requirements

9.1 When specified in the contract or purchase order,
products purchased for agencies of the U.S. Government shall
conform to the special governmental regulations specified in
the Supplementary Requirements sections of this specification
and of B 249 or B 249M.

10. Dimensions, Mass, and Permissible Variations

10.1 Except for shapes, length, and straightness, the dimen-
sions and tolerances for products produced under this specifi-
cation shall be as prescribed in the section titled “Diameter or
Distance Between Parallel Surfaces” in Specification B 249 or
B 249M as follows:

10.1.1 Diameter or Distance Between Parallel Surfaces:
10.1.1.1 For M30 rod, Copper Alloy UNS Nos. C36500,

C37000, C37700, C46400, C48200, C48500, C61900,
C62300, C63000, C63200, C64200, C64210, C67500,
C67600, C70620, and C71520, refer to Table 4.

10.1.1.2 For M30 rod, Copper UNS Nos. C11000, C14500,
and C14700 and Copper Alloy UNS Nos. C65500 and C77400,
refer to Table 5.

10.1.1.3 For M20, round rod, refer to Table 6.
10.1.1.4 For M30, bar, refer to Table 4 for width tolerances

for Copper Alloy UNS Nos. C36500, C37000, C37700,
C46400, C48200, C48500, C61900, C62300, C63000,
C63200, C64200, C64210, C67500, C67600, C70620, and
C71520.

10.1.1.5 For M30 bar refer to Table 5 for width tolerances
for Copper UNS Nos. C11000, C14500, and C14700 and
Copper Alloy UNS Nos. C65500 and C77400.

10.1.1.6 For H50 rod, refer to Table 1 for Copper UNS Nos.
C11000, C14500, C14700, and Copper Alloy UNS Nos.
C46400, C48200, and C48500.

10.1.1.7 For H50 rod, refer to Table 2 for Copper Alloy
UNS Nos. C36500, C37000, C37700, C61900, C62300,
C63000, C63200, C64200, C64210, C65500, C67500,
C67600, C70620, C71520, and C77400.

10.1.1.8 For H50 bar, refer to Tables 7 and 10 for Copper
UNS Nos. C11000, C14500, and C14700.

10.1.1.9 For H50 bar, refer to Tables 8 and 10 for Copper
Alloy UNS Nos. C46400, C48200, and C48500.

10.1.1.10 For H50, bar, refer to Tables 9 and 11 for Copper
Alloy UNS Nos. C36500, C37000, C37700, C61900, C62300,
C63000, C63200, C64200, C64210, C65500, C67500,
C67600, C70620, C71520, and C77400.

10.2 Shapes—The dimensional tolerances for shapes shall
be agreed upon between the manufacturer and the purchaser
and shall be specified in the order.

10.3 Length—Rod, bar, and shapes for forging, when or-
dered to any length, will be furnished in stock lengths, unless
it is specifically stated in the purchase order that the lengths are
to be specific.

10.3.1 Stock lengths for all rod, bar, and shapes for forging
up to and including 1 in. (25 mm) in diameter shall be as listed
in Table 2, but the weight of lengths less than the ordered
length, shall not exceed 40 % of any one shipment. The
tolerance for the full-length pieces shall be plus 1 in. (25 mm).

10.3.2 For rod and bar for forging over 1 in. (25 in.) up to
and including 2 in. (50 mm) in diameter, the lengths shall be
random lengths, from 4 to 12 ft (1.2 to 3.7 m).

10.3.3 Rod and bar for forging, over 2 in. (50 mm) in
diameter shall be ordered in special lengths.

10.4 Straightness— The material shall be straight, within 1
in. (25 mm) maximum depth of arc in 6 ft (1.8 m).

11. Test Methods

11.1 Chemical Analysis:
11.1.1 Chemical composition shall be determined, in case of

disagreement, as follows:
Element Range, % Method

Aluminum 0.005–12
6–12

ISO No. 3110 (AA)
E 478

Arsenic 0–0.15 E 62
Copper 43–99.9 E 478
Carbon E 76
Iron 0.15–5 E 54, E 75 for CuNi
Lead 0.02–3 E 478 (AA)
Manganese 0.10–2.0 E 62, E 75 for CuNi
Nickel 0–5

>5
E 478 (Photometric)
E 478 (Gravimetric)

Phosphorous 0.004–0.7 E 62
Silicon 0.10–4 E 62
Sulfur 0–0.5 E 76 (Gravimetric)
Tellurium 0.40–1 E 121
Tin 0.2–1.5 E 478 (Photometric)
Zinc 0.3–1.5

2–40
E 478 (AA)
E 478 (Titrametric)

11.1.2 Test methods for the determination of elements
resulting from contractural or purchase order agreement shall
be as agreed upon between the manufacturer, or supplier, and
the purchaser.

TABLE 2 Stock Lengths

Ordered Length Shortest Permissible Length

ft m ft m

12 4 6 2
10 3 6 2
8 2 4 1
6 . . . 4 . . .

B 124/B 124M
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12. Keywords

12.1 brass forging shapes; brass forgings; bronze forging
shapes; copper alloy forging rod; copper alloy forging bar;
copper alloy forging shapes; copper forging rod; copper

forging bar; copper forging shapes; copper alloy forgings;
copper forgings; hot forging stock; nickel silver forging shapes;
nickel silver forgings; copper nickel forging rod; copper nickel
forgings

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order for agencies of the U.S. Government.

S1. Supplementary requirements S1, S2, and S4 of Specifi-
cation B 249 or B 249M shall apply.

S2. Identification Marking—Forging stock shall be marked
with the producer’s name or trademark, this ASTM specifica-

tion number, the UNS number, and the heat number or lot
number. Marking shall be by low stress die stamps or vibro-
etching.

APPENDIX

(Nonmandatory Information)

X1. FORGING PRACTICE

X1.1 The data in Table X1.1 do not constitute a part of this
specification. The suggested forging temperatures give the
range suitable for hot forging of the alloys and the forgeability

ratings illustrate the relative difference in ease of forging, with
forging brass being the most readily forgeable. For the relative
strength of these alloy forgings, as hot pressed, see Specifica-
tion B 283, Appendix 2, Table 4.

TABLE X1.1 Forging Temperatures and Forgeability

Copper or Copper Alloy
UNS No.

Name
Suggested Forging Temperatures

Forgeability RatingA

°F K

C11000 Copper 1400–1700 1030–1200 65
C14500 Copper-tellurium 1350–1650 1010–1170 65
C14700 Copper-sulfur 1400–1600 750–875 65
C36500 Leaded muntz metal, uninhibited 1200–1450 920–1060 100
C37000 Free-cutting muntz metal 1200–1450 920–1060 100
C37700 Forging brass 1200–1450 920–1060 100
C46400 Naval brass 1200–1500 920–1090 90
C48200 Medium leaded naval brass 1200–1500 920–1090 90
C48500 Leaded naval brass 1200–1500 920–1090 90
C61900 Aluminum bronze 1300–1600 980–1140 75
C62300 Aluminum bronze, 9 % 1300–1600 980–1140 75
C63000 Aluminum-nickel bronze 1450–1700 1060–1200 75
C63200 Aluminum-nickel bronze 1450–1700 1060–1200 75
C64200 Aluminum-silicon bronze 1300–1600 980–1140 75
C64210 Aluminum-silicon bronze, 6.7 % 1300–1600 980–1140 75
C65500 High-silicon bronze (A) 1300–1600 980–1140 40
C67500 Manganese bronze (A) 1350–1550 1010–1120 80
C67600 Leaded manganese bronze A 1350–1550 1010–1120 80
C70620 Copper-nickel 90–10 1550–1750 1120–1230 75
C71520 Copper-nickel 70–30 1700–1900 1030–1310 40
C77400 Nickel silver, 45–10 1300–1500 980–1090 85

ARelative forgeability rating takes into consideration such variable factors as pressure, die wear, and plasticity (hot). Since it is impractible to reduce these variables to
common units, calibration in terms of a percentage of the most generally used alloy, forging brass (100 %), is considered the most practical basis for such ratings. The
values shown represent the general opinion and are intended for information to enable the designer to better understand the forging characteristics of these various alloys.
Intricate parts are more likely to be available in alloys having a high rating.
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this specification since the last issue
(B 124–99) that may impact the use of this standard.

(1) Incorporated SI units and made into a dual standard.
(2) Added alloys C37000 and C67600 throughout text.

(3) Corrected alloy composition requirements for Copper UNS
No. C14700.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Designation: B 129 – 02

Standard Specification for
Cartridge Brass Cartridge Case Cups 1

This standard is issued under the fixed designation B 129; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification establishes the requirements for an-
nealed cartridge brass cups produced of Copper Alloy UNS
No. C26000 for processing into cartridge cases of the follow-
ing types:

1.1.1 Type I, for small arms cartridge case cups, and
1.1.2 Type II, for artillery cartridge case cups.
1.2 The values stated in inch-pound units are the standard,

except for grain size, which is given in SI units. Values in
parentheses are for information only.

2. Referenced Documents

2.1 ASTM Standards:
B 601 Classification for Temper Designations for Copper

and Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 3 Guide for Preparation of Metallographic Specimens3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 112 Test Methods for Determining Average Grain Size3

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition5

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 blank (blanking), n—a piece of metal removed from

sheet or strip, intended for subsequent fabrication such as
cupping and drawing.

3.2.2 cup (cupping), n—a shallow cylindrical shell closed at
one end, normally intended for further fabrication, formed
from a blank.

4. Ordering Information

4.1 Orders of product under this specification should in-
clude the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Type (Section 1),
4.1.3 Grain size (Section 7),
4.1.4 Dimensions and tolerances (see 8.1),
4.1.5 Drawing number to which order applies (see 8.1), and
4.1.6 When the material is purchased for agencies of the

U.S. Government, (see Supplementary Requirements section).

5. Material and Manufacture

5.1 Material:
5.1.1 The material of manufacture shall be annealed plate,

sheet, strip, or disks of wrought Alloy UNS No. C26000
processed to produce even-topped cups.

5.2 Manufacture:
5.2.1 The material shall be blanked and cupped to meet the

cup dimensions specified, and subsequently annealed. The
annealed cups shall be pickled, washed, and dried.

6. Chemical Composition

6.1 The product shall conform to the requirements pre-
scribed in Table 1.

6.2 Composition limits may be established and analysis
required for unnamed elements by agreement between manu-
facturer and purchaser.

6.3 Either copper or zinc may be taken as the difference
between the sum of all elements analyzed and 100 %. Copper,
when determined by the difference, must conform to the
requirements of Table 1. When all elements in Table 1 are
analyzed, their sum shall be 99.7 % min.

7. Grain Size of Annealed Tempers

7.1 Unless there is a prior agreement between the purchaser
and supplier, the grain size for 0.30, 0.45, and 0.50 calibers will
be produced to the grain size requirements specified in Table 2.

7.1.1 Grain size ranges other than those specified in Table 2
shall be established by agreement between manufacturer and
purchaser.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved April 10, 2002. Published June 2002. Originally
published as B 129 – 40 T. Last previous edition B 129 – 96.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.05.

1

*A Summary of Changes section appears at the end of this standard.
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7.1.2 Grain size ranges for other cups shall be established by
agreement between manufacturer and purchaser.

8. Dimensions, Mass, and Permissible Variations

8.1 All dimensions and tolerances of cups shall be as
indicated on the drawings furnished with the purchase order or
contract.

9. Workmanship, Finish, and Appearance

9.1 The cups shall be uniform in quality and shall be free of
oil, grease, oxidation, stains, scale, chips, acid, dirt or grit,
dented or bent edges, laminations, slivers, laps, cracks, deep
scratches, wrinkles, or other injurious defects which would
interfere with the purpose for which the cups are intended. The
cups, subsequent to annealing, shall be pickled, washed, and
dried.

10. Sampling

10.1 The lot size, portion size, and selection of pieces shall
be as follows:

10.1.1 Lot Size—40 000 lb (18 144 kg) or fraction thereof.
10.1.2 Portion Size:
10.1.2.1 For grain size—15 cups for Type I, or 2 cups for

Type II.
10.1.2.2 For determination of dimensions—200 cups.
10.1.2.3 For the visual inspection—2000 cups.
10.1.3 Samples for chemical analysis are to be taken in

accordance with Practice E 255.

11. Number of Tests and Retests

11.1 Specimens taken from each sample piece selected in
accordance with 10.1.2.1 shall be tested for conformance to the
grain size requirement.

11.2 Retests:
11.2.1 If the chemical analysis fails to conform to the

specified limits, analysis shall be made on a composite sample,
prepared from the pieces selected from each portion involved,
consisting of either 15 cups from Type I or two cups from Type
II. The results of this retest shall comply with the specified
requirements.

11.2.2 Failure of more than two samples of Type I cups to
comply to the grain size requirements shall be cause for
rejection of the lot. If two samples fail to comply a retest shall
be permitted on a sample double that of the original sample.
Each of the specimens so retested shall meet the specified
requirements.

11.2.3 Failure of the two samples of Type II cups to comply
to the grain size requirements shall be cause for rejection of the
lot. If one sample fails, a retest shall be permitted on a sample
double that of the original sample. Each of the specimens so
retested shall meet the specified requirements.

12. Specimen Preparation

12.1 For grain size measurements, either tangential grinding
and polishing, or cutting, mounting, and polishing methods
may be used to reach the zone (Fig. 1).

12.1.1 The test specimen shall be prepared in accordance
with Practice E 3.

12.2 Specimens for chemical analysis shall be prepared in
accordance with Practice E 255.

13. Test Methods

13.1 The properties and chemical compositions enumerated
in this specification shall, in case of disagreement, be deter-
mined in accordance with the following ASTM methods:

Test
ASTM

Designation

Chemical analysis E 478
Grain size E 3, E112

13.2 The test method(s) used for determination of ele-
ment(s) required by contractural or purchase order agreement
shall be as agreed upon between the manufacturer and the
purchaser.

13.3 Grain size measurements shall be made in a zone
which is the approximate midpoint of the side wall length and
thickness of the cups, as shown in Fig. 1. At least three
measurements shall be made, averaged, and recorded for each
grain size determination.

TABLE 1 Chemical Requirements

Copper Alloy UNS No. C26000

Element Composition, %

Copper 68.5–71.5
Lead, max 0.07
Iron, max 0.05
Bismuth, max 0.006
Zinc remainder

TABLE 2 Grain Size Requirements on Sidewall A

Type Caliber
Temper

DesignationB

Diameter of Average Grain

Size, mm
min max

I 0.30 and 0.45 OS080 0.045 0.120
0.50 OS110 0.065 0.150

II Grain size subject to agreement by the manufacturer and the pur-
chaser

A Approximately midway of the length of the sidewall.
B Standard designations are defined in Practice B 601.

FIG. 1 Location of Areas to be Examined for Grain Size in
Cartridge Case Cups

B 129

2



13.4 When specified on the purchase order or contract, grain
size measurements shall also be made on the base of the same
cups as 13.3. These measurements shall be made in a zone
approximately bounding the midpoint of the base, and approxi-
mately the midpoint of the thickness as shown in Fig. 1. At
least three measurements shall be made, averaged, and re-
corded for each grain size determination.

14. Significance of Numerical Limits

14.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property
Rounded Unit for

Observed or Calculated Value

Chemical composition nearest unit in the last righthand signif-
icant digit used in expressing the
limiting value

Grain size:
Up to 0.055 mm, incl nearest multiple of 0.005 mm
Over 0.055 to 0.160 mm, incl nearest 0.01 mm

15. Inspection

15.1 Visual Inspection—Each cup in the sample shall be
visually inspected.

15.1.1 Major Defects—Not more than 0.25 % of the cups in
the sample shall contain the following major defects—scaly
metal, deep scratches, laminations, slivers, laps, cracks, and
wrinkles.

15.1.2 Minor Defects—Not more than 2 % of the cups in the
sample shall contain the following minor defects—oily cup,
greasy cup, dirty or gritty cup, oxidized cup, stained cup,
dented or bent edges, and scratches.

15.2 Measurement of Dimensions—Each sample cup shall
be gaged for compliance with all the dimensions shown on the
applicable drawing. In addition, each cup in the sample shall be
measured for side wall thickness at two or more opposite points
on the same periphery. The variation in wall thickness of any
cup so measured shall be within the limits as shown on the
drawing.

NOTE 1—For the purpose of determining conformance with the dimen-
sional requirements prescribed in this specification, any measured value
outside the specified limiting values for any dimension may be cause for
rejection.

15.3 If, in addition, source inspection of the material by the
purchaser is agreed upon between the manufacturer and the
purchaser as part of the purchase order or contract, the nature
of the facilities needed to satisfy the inspector representing the
purchaser that the product is being furnished in accordance
with this specification shall be included in the agreement. All
tests and the inspection shall be conducted so as not to interfere
unnecessarily with the operation of the works.

15.4 The manufacturer and the purchaser, by mutual agree-
ment, may accomplish the final inspection simultaneously.

NOTE 2—A deep scratch is one 0.005 in. (0.13 mm) or greater in depth.

16. Rejection and Rehearing

16.1 Rejection:
16.1.1 Product that fails to conform to specification require-

ments when inspected or tested by the purchaser or his agent
may be rejected.

16.1.2 Rejection shall be reported to the manufacturer or
supplier promptly and in writing.

16.1.3 In case of dissatisfaction with the results of the test
upon which rejection is based, the manufacturer or supplier
may make a claim for a rehearing.

16.2 Rehearing:
16.2.1 As a result of product rejection, the manufacturer or

supplier may make claim for a retest to be conducted by the
manufacturer or supplier and the purchaser.

16.2.2 Samples of the rejected product shall be taken in
accordance with the product specification and tested by both
parties following the test method(s) specified in the product
specification, or, alternatively, upon agreement of both parties,
an independent laboratory may be selected for the test(s)
following the specified test methods.

17. Certification

17.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met.

18. Packaging and Package Marking

18.1 The product shall be separated by type and size, and
prepared for shipment in such a manner as to ensure acceptance
by common carrier for transportation and to afford protection
from the normal hazards of transportation.

18.2 Each shipping unit shall be legibly marked with the
purchase order number, type, size, gross and net weight, and
name of supplier. The specification number shall be shown,
when specified.

18.3 In addition to the above, specific instructions appearing
on the purchase order or contract, or issued by the contracting
officer, shall be adhered to, unless by mutual agreement, other
provisions are established.

19. Test Report

19.1 When specified in the contract or purchase order, a
report of test results shall be furnished.

20. Keywords

20.1 cartridge brass annealed cups; cartridge case cups
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract or order, for agencies of the U.S. Government.

S1. Scope

S1.1 The following supplementary requirements shall apply
only when specified by the purchaser in the inquiry, contract, or
order, for agencies of the U.S. Government.

S2. Referenced Documents

S2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S2.1.1 Federal Standards:6

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S2.1.2 Military Standards:6

MIL-STD-129 Marking for Shipment and Storage
S2.1.3 ASTM Standards:
B 900 Practice for Packaging of Copper and Copper-Alloy

Mill-Products for U.S. Government Agencies2

S3. Quality Assurance

S3.1 Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the manufacturer is
responsible for the performance of all inspection and test
requirements specified. Except as otherwise specified in the
contract or purchase order, the manufacturer may use his own
or any other suitable facilities for the performance of the
inspection and test requirements unless disapproved by the
purchaser at the time the order is placed. The purchaser shall
have the right to perform any of the inspections and tests set
forth when such inspections and tests are deemed necessary to
assure that the material conforms to prescribed requirements.

S4. Temper

S4.1 Type I cups except the caliber 0.50 (three draw), 20
mm and 30 mm cup, shall conform to a grain size requirement
of 0.060 to 0.120 mm in the mid-sidewall and the grain size
shall not exceed 0.150 mm in the base. The grain size for the
caliber 0.50 (three draw), 20 mm and 30 mm cup shall be
within 0.070 to 0.140 mm in the mid-sidewall and shall not
exceed 0.170 mm in the base. The grain size of Type II cups

shall be as agreed upon between the manufacturer and the
contracting officer.

S5. Initial Production Sample

S5.1 An initial production sample is required unless other-
wise directed by the contracting officer.

S5.2 At the beginning of regular production, the supplier
shall submit an initial production sample to a Government-
approved facility for evaluation. The sample shall consist of
5200 cups. The sample shall be manufactured in the same
manner, using the same materials, equipment, processes and
procedures as used in regular production. All parts and mate-
rials must be the same as used in regular production and shall
be obtained from the same source of supply. After inspection
and provisional acceptance at source, 200 cups of the initial
production sample shall be inspected at the Government
approved facility for all requirements of the drawings and
specifications, and the remaining 5000 cups shall be used for
performance of the work test. The test shall comprise of all the
operations in the manufacture of the appropriate cartridge case.
The Government reserves the right to require new initial
production samples until such time as an acceptable sample is
submitted.

S6. Identification Marking

S6.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S7. Preparation for Delivery

S7.1 Preservation, Packaging, Packing:
S7.1.1 Military Agencies—The material shall be separated

by size, composition, grade or class and shall be preserved and
packaged, Level A or C, packed Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of Practice B 900..

S7.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S7.2 Marking:
S7.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-120.

S7.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

6 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 129 – 96)
that may impact the use of this standard.

(1) Revised Terminology section.
(2) Revised Chemical Composition section.

(3) Added Bismuth properties to Table 1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 130 – 02

Standard Specification for
Commercial Bronze Strip for Bullet Jackets 1

This standard is issued under the fixed designation B 130; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification establishes general requirements for
(commercial bronze) strip for manufacture of bullet jacket cups
and ammunition components from Copper Alloy UNS No.
C22000.2

1.2 Values stated in inch-pound units are to be regarded as
the standard except for grain size which is stated in metric
units. SI values given in parentheses are for information only.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 248 Specification for General Requirements for Wrought

Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar3

B 601 Classification for Temper Designations For Copper
and Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

E 3 Guide for Preparation of Metallographic Specimens4

E 8 Test Methods for Tension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specification5

E 112 Test Method for Determining Average Grain Size4

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition6

E 478 Test Methods for Chemical Analysis of Copper
Alloys6

E 527 Practice for Numbering Metals and Alloys (UNS)7

3. Terminology

3.1 For definition of terms related to copper and copper
alloys, refer to Terminology B 846.

4. Ordering Information

4.1 Order for product under this specification should include
the following information:

4.1.1 Specification designation and year of issue,
4.1.2 Quantity or weight for each size,
4.1.3 Temper (Section 7),
4.1.4 Grain size of annealed temper (optional) (Section 9),
4.1.5 Dimensions: thickness, width, length, (Section 10),
4.1.6 How furnished: straight lengths or coils,
4.1.7 Heat identification or traceability, when required,
4.1.8 Certification, when required, and
4.1.9 Mill test report, when required.
4.1.10 When material is purchased for agencies of the U.S.

government, see Section 11.

5. Materials and Manufacture

5.1 Materials:
5.1.1 The material of manufacture shall be a cast bar, cake,

slab, and so forth of copper alloy UNS No. C22000 as specified
in the ordering information.

5.1.2 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 1—Because of the discontinuous nature of the processing of
castings into wrought products, it is not always practical to identify a
specific casting analysis with a specific quantity of finished material.

5.2 Manufacturer:
5.2.1 The product shall be manufactured by such hot work-

ing, cold working, and annealing processes as to produce a
uniform wrought structure in the finished product.

5.2.2 The product shall be hot or cold worked to the finished
size and subsequently annealed, when required, to meet the
temper properties specified in the ordering information.

5.2.3 Edges—Slit edges shall be furnished unless otherwise
specified in the contract or purchase order.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 130 – 40 T. Last previous edition B 130 – 95.

2 Refer to Practice E 527 for an explanation of the unified numbering system
(UNS).

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.06. 7 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



6. Chemical Composition

6.1 The product shall conform to the composition pre-
scribed in Table 1.

6.2 These composition limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established and determination required by agreement between
manufacturer or supplier and purchaser.

6.3 Either copper or zinc may be taken as the difference
between the sum of all elements analyzed and 100 %. Copper,
when determined by difference, must conform to the require-
ments of Table 1. When all elements are analyzed, their sum
shall be 99.8 % min.

7. Temper

7.1 Tempers available under this specification, as defined in
Classification B 601, are as follows:

7.1.1 Cold-Rolled Tempers—For cold rolled strip, a temper
designation from Table 2 shall be specified.

7.1.2 Annealed Tempers—For annealed tempered strip, a
temper designation from Table 3 shall be specified.

8. Mechanical Property Requirements

8.1 Tensile Strength of Rolled Tempers—The tension test
shall be the standard test for all tempers of cold-rolled strip,
and the acceptance or rejection. based upon mechanical prop-
erties, shall depend only on the tensile strength which shall
conform to the requirements prescribed in Table 2. Tension test
specimens shall be taken so the longitudinal axis is parallel to
the direction of rolling.

8.1.1 Rockwell Hardness of Rolled Tempers—Since a Rock-
well hardness test offers a quick and convenient method of
checking commercial bronze for general conformity to the
requirements for tensile strength, the approximate Rockwell
hardness values for each of the cold-rolled tempers are given in
Table 2 for general information and assistance in testing.

8.2 Tensile Strength of Annealed Tempers—Annealed strip
shall conform to the tensile property requirements prescribed in
Table 4. Tension test specimens shall be taken so the longitu-
dinal axis is parallel to the direction of rolling.

9. Grain Size of Annealed Tempers

9.1 In addition to the tensile properties prescribed in Table
4 for strip, grain size may also be specified by the purchaser.
When grain size is specified, the average grain size of the
annealed strip shall be within the limits prescribed in Table 3.
At a magnification of 753, the average grain size of selected
areas 79.8 mm in diameter of each of two samples of annealed
strip shall be determined on a plane parallel to the surface of
the strip.

10. Dimensions, Mass, and Permissible Variations

10.1 Thickness—The standard method of specifying thick-
ness shall be in decimal fractions of an inch. The tolerances
shall be as shown in Table 5.

10.2 Width—The width tolerances of strip metal shall be as
prescribed in Table 6.

10.3 Length—The strip shall be furnished in straight lengths
or in coils (rolls), as specified. Rolls shall consist of not more
than three lengths, no one of which shall be less than 10 ft (3.05
m) in length. The tolerances for straight lengths shall be as
prescribed in Table 7.

10.3.1 Stock Lengths—When furnished in stock lengths
with short lengths included, the schedule of short lengths shall
be as prescribed in Table 8.

10.3.2 Special Length—When special lengths are required,
they shall be specified in the order.

NOTE 2—For the purpose of determining conformance with the dimen-
sional requirements prescribed in this specification, any measured value
outside the specified limiting values for any dimension may be cause for
rejection.

10.4 Straightness Tolerances—The straightness tolerances
shall be as prescribed in Table 9.

11. Purchases for the U.S. Government

11.1 When specified in the contract or purchase order,
product purchased for agencies of the U.S. Government shall
conform to the special government regulations specified in the
Supplemental Requirements section as defined in the current
issue of Specification B 248.

12. Workmanship, Finish, and Appearance

12.1 The material shall be free of defects, but blemishes of
a nature that do not interfere with normal commercial opera-
tions are acceptable. It shall be well-cleaned and free of dirt. A
superficial film or residual light lubricant is normally present
and is acceptable unless otherwise specified.

12.2 The surface finish and appearance shall be the normal
commercial quality for the alloy, thickness, and temper or-
dered. When application information is provided with purchase
order, the surface shall be that commercially producible for the
application. Superficial films of discoloration, or lubricants, or
tarnish inhibitors are permissible unless otherwise specified.

13. Sampling

13.1 Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:

13.1.1 Lot Size—40 000 lb (18 144 kg) or less material of
the same mill form, temper, and thickness, subject to inspection
at one time.

13.1.2 Portion Size—Sample pieces shall be selected from
eight individual pieces and shall be taken so as to be represen-
tative of those pieces. If the lot consists of less than eight
pieces, a sample shall be taken from each individual piece.

13.2 Chemical Analysis:
13.2.1 The sample for chemical analysis shall be taken in

accordance with Practice E 255 for product in its final form
taken from the pieces selected in 13.1.2 and combined into one

TABLE 1 Chemical Requirements

Copper Alloy UNS No. C22000

Element Composition

Copper 89.0–91.0
Lead, max 0.05
Iron, max 0.05
Bismuth, max 0.006
Zinc remainder
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composite sample. The minimum weight of the composite
sample shall be 150 g.

13.2.2 Instead of sampling as directed in 13.2.1, the manu-
facturer shall have the option of sampling at the time the
castings are poured or samples taken from the semifinished
product. If the manufacturer determines the chemical compo-
sition of the material during the course of manufacture, he shall
not be required to sample and analyze the finished product.

13.2.2.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken from each group of
castings poured from the same source of molten metal.

13.2.2.2 When samples are taken from semifinished prod-
uct, a sample shall be taken to represent each 10 000 lbs (5000
kg) or fraction thereof, except that no more than one sample
shall be required per piece.

13.2.2.3 Only one sample need be taken from the semifin-
ished product of one cast bar from a single melt charge
continuously processed.

13.3 Samples for All Other Tests—Samples for all other
tests shall be taken from the sample portions selected in 13.1.2
and be of an convenient size to accomodate the test and comply
with the requirements of the appropriate product specification
and test method.

14. Number of Tests and Retests

14.1 Test:
14.1.1 Chemical Requirements:
14.1.2 When samples are taken at the time the castings are

poured, at least one sample shall be analyzed for each group of
castings poured simultaneously from the same source of
molten metal.

14.1.3 When samples are taken from the semifinished or
finished product, at least one sample representative of the
product of each cast bar from a single melt charge continuously
processed with heat identity maintained shall be analyzed.

14.2 Mechanical Properties and Grain Size—Unless other-
wise provided in the product specification, test specimens shall
be taken from two of the sample pieces selected in accordance
with 13.1.2. The required tests shall be made on each of the
specimens so selected.

14.3 Other Tests—For other tests, test specimens shall be
taken from four of the sample pieces selected in accordance
with 13.1.2. The required tests shall be made on each of the
specimens so selected.

14.4 Retests:
14.4.1 If the chemical analysis of the specimens prepared

from samples selected in accordance with 13.1.2 fails to
conform to the specified limits, analysis shall be made on a
new composite sample prepared from the pieces selected in
accordance with 13.1.2.

14.4.2 If one of the two tests made to determine any of the
mechanical or grain size requirementss fails to meet a specified
limit, this test shall be repeated on the remaining pieces,
maximum of two, selected in accordance with 13.1.2, and the
results of both of these tests shall comply with the specified
requirements.

TABLE 2 Tensile Strength Requirements and Approximate Rockwell Hardness Values for Cold-Rolled Strip

Rolled Temper Designation Tensile Strength, ksiA (MPaB) Approximate Rockwell HardnessC

Standard Former Min Max B Scale Superficial 30-T

H01 Quarter-hard 40 (275) 50 (345) 27–56 34–54
H02 Half-hard 47 (325) 57 (395) 50–66 50–61
H03 Three-quarter hard 52 (355) 62 (425) 59–71 55–64
H04 Hard 57 (395) 66 (455) 65–75 60–67
H06 Extra-hard 64 (440) 72 (495) 72–79 64–69
H08 Spring 69 (475) 77 (530) 76–81 67–70
H10 Extra-spring 72 (495) 80 (550) 78–83 68–71

A ksi = 1000 psi.
B See Appendix X1.
C Rockwell hardness values apply as follows: The B scale applies to metal 0.020 in. (0.058 mm) in thickness and over; the 30-T scale applies to metal 0.012 in.

(0.305 mm) in thickness and over.

TABLE 3 Grain Size Requirements of Annealed Strip

Annealed Temper Designation Grain Size, mm

Standard
Nominal
Average

Min Max

OS015 0.015 A 0.025
OS025 0.025 0.015 0.040
OS035 0.035 0.025 0.050

A Although no minimum grain size is required, this material must be fully
recrystallized.

TABLE 4 Tension Test Requirements of Annealed Strip

Annealed Temper
Designation Thickness of Annealed Tempers,

in. (mm)

Tensile Strength
min. ksiA

(MPaB)

Elongation in
2 in.

(50.8 mm),
min, %Standard

OS015
0.005 to 0.010 (0.127 to 0.254),
incl

38 (260) 15

Over 0.010 to 0.050 (0.254 to
1.27), incl

38 (260) 25

Over 0.050 to 0.100 (1.27 to
2.54), incl

38 (260) 27

Over 0.100 (2.54) 38 (260) 30
OS025

0.005 to 0.010 (0.127 to 0.254),
incl

36 (250) 20

Over 0.010 to 0.050 (0.254 to
1.27), incl

36 (250) 30

Over 0.050 to 0.100 (1.27 to
2.54), incl

36 (250) 32

Over 0.100 (2.54) 36 (250) 35
OS035

0.005 to 0.010 (0.127 to 0.254),
incl

34 (240) 25

Over 0.010 to 0.050 (0.254 to
1.27), incl

34 (240) 35

Over 0.050 to 0.100 (1.27 to
2.54), incl

34 (240) 38

Over 0.100 (2.54) 34 (240) 40
A ksi = 1000 psi.
B See Appendix X1

B 130 – 02

3



14.4.3 If any test specimen shows defective machining or
develops flaws, it may be discarded and another specimen
substituted.

14.5 Chemical Analysis—Chemical analysis shall be deter-
mined as the average of at least two replicate determinations
for each element specified.

15. Specimen Preparation

15.1 In the grain size test, all specimens shall be prepared as
specified in Guide E 3.

15.2 In the tension test, all strip less than3⁄4 in.-wide shall be
pulled in full size when practicable. Machined test specimens
shall be as specified in Test Method E 8, Fig. 1, for sheet type
specimens.

15.3 Chemical Composition—The composite sample for
laboratory analysis shall, in case of disagreement, be prepared
in accordance with Practice E 255.

16. Test Methods

16.1 The properties and chemical compositions enumerated
in this specification shall, in case of disagreement, be deter-
mined in accordance with the following ASTM methods:

Test ASTM Designation

Chemical Analysis E 478
Tension E 8A

Grain Size E 3, E 112
Rockwell hardness E 18

___________

A The tension test specimen shall conform to the dimensions shown in Fig. 1 of
Test Methods E 8.

16.2 Measurement of Dimensions—At least ten strips shall
be selected to be representative of the lot of material. The
dimensions of each strip shall be measured. Measurements for
thickness shall be made over the entire width of the strip, in at
least three different places not less than 1 ft from each end, and
at such other points as may be selected.

17. Significance of Numerical Limits

17.1 For purposes of determining compliance with the
specified property limits for the properties listed in the follow-
ing table, an observed value of a calculated value shall be
rounded as indicated in accordance with the rounding method
of Practice E 29:

Property Rounded Unit for Observed or Calculated Value

Chemical composition nearest unit in the last right-hand place
Hardness of figures of the specified limits.
Tensile strength nearest ksi (nearest 5 MPa)
Grain size:

Up to 0.055 mm, incl nearest multiple of 0.005 mm
Over 0.055 to 0.160 mm,

incl
nearest 0.01 mm

Elongation:
5 % and over nearest 1 %

TABLE 5 Thickness Tolerances

Thickness Tolerances, plus and minus,A in.

Thickness, in. 8 in. and under in Width
Over 8 to 14 in., incl, in

Width
Over 14 to 20 in., incl, in

Width

0.004 and under 0.0003 (0.008) 0.0006 (0.015) ... ...
Over 0.004 to 0.006, incl 0.0004 (0.010) 0.0008 (0.020) 0.0013 (0.033)
Over 0.006 to 0.009, incl 0.0006 (0.015) 0.0010 (0.025) 0.0015 (0.038)
Over 0.009 to 0.013, incl 0.0008 (0.020) 0.0013 (0.033) 0.0018 (0.046)
Over 0.013 to 0.017, incl 0.0010 (0.025) 0.0015 (0.038) 0.002 (0.051)
Over 0.017 to 0.021, incl 0.0013 (0.033) 0.0018 (0.046) 0.002 (0.051)
Over 0.021 to 0.026, incl 0.0015 (0.038) 0.002 (0.051) 0.0025 (0.064)
Over 0.026 to 0.037, incl 0.002 (0.015) 0.002 (0.051) 0.0025 (0.064)
Over 0.037 to 0.050, incl 0.002 (0.015) 0.0025 (0.064) 0.003 (0.076)
Over 0.050 to 0.073, incl 0.0025 (0.064) 0.003 (0.076) 0.0035 (0.089)
Over 0.073 to 0.130, incl 0.003 (0.076) 0.0035 (0.089) 0.004 (0.102)
Over 0.130 to 0.188, incl 0.0035 (0.089) 0.004 (0.102) 0.0045 (0.114)

A When tolerances are specified as all plus or all minus, double the values given.

TABLE 6 Width Tolerances

Slit Metal and Slit Metal with Rolled Edges
Width TolerancesA Plus and

Minus, in. (mm)

Width, in. (mm)
0.004 to 0.032 in.

(0.102 to 0.813 mm),
incl, in Thickness

Over 0.032 to 0.188 in.
(0.813 to 4.78 mm),

incl, in Thickness
2 (50.8) and under 0.005 (0.13) 0.010 (0.25)
Over 2 to 8 (50.8 to 203), incl 0.008 (0.20) 0.013 (0.33)
Over 8 to 14 (203 to 356), incl 0.010 (0.25) 0.015 (0.38)
Over 14 to 20 (356 to 508), incl 0.013 (0.33) 0.018 (0.46)

Square Sheared Metal (All Lengths up to 120 in. (3.05 m), incl)

Width Tolerances,A Plus and
Minus, in. (mm)

Width, in. (mm) 1⁄16 in. Over 1⁄16 to Over 1⁄8 in.
(1.59 mm) 1⁄8 in. (1.59 (3.18 mm) in

and Under in to 3.18 Thickness
Thickness mm) incl, in

Thicknesses

20 (508) and under 1⁄32 (0.79) 3⁄64 (1.2) 1⁄16 (1.6)
A When tolerances are specified as all plus or all minus, double the values given.

TABLE 7 Length Tolerances for Straight Lengths

NOTE 1—The following length tolerances are all plus; if all minus
tolerances are desired, use the same values; if tolerances are desired plus
and minus, halve the values given.

Length Tolerances

Length, ft (m) in. mm

Specific lengths, mill lengths,
multiple lengths, and specific
lengths with ends

10 (3.05) and under

1⁄4 64

Over 10 to 20 (3.05 to 6.10), incl 1⁄2 13
Stock lengths and stock lengths with ends 1A 25A

A As stock lengths are cut and placed in stock in advance of orders, departure
from this tolerance is not practicable.
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18. Inspection

18.1 The manufacture shall inspect and make the test
necessary to verify that the product furnished conforms to the
requirements of this specification.

18.2 If, in addition, source inspection of the material by the
purchaser is agreed upon by the manufacturer and the pur-
chaser as part of the purchase contract, the nature of the
facilities needed to satisfy the inspector representing the
purchaser that the product is being furnished in accordance
with this specification shall be included in the agreement. All
tests and the inspection shall be conducted so as not to interfere
unnecessarily with the operation of the works.

18.3 The manufacturer and the purchaser, by mutual agree-
ment, may accomplish the final inspection simultaneously.

19. Rejection and Rehearing

19.1 Rejection:
19.1.1 Product that fails to conform to the specified require-

ments when inspected or tested by the purchaser or his agent
may be rejected.

19.1.2 Rejection should be reported to the manufacturer or
supplier promptly and in writing.

19.1.3 In case of dissatisfaction with the results of the test,
the manufacturer or supplier may make claim for a rehearing.

19.2 Rehearing—As a result of product rejection, the manu-
facturer or supplier may make a claim for a retest to be
conducted by the manufacturer or supplier and the purchaser.
Samples of the rejected product shall be taken in accordance
with this specification and subjected to test by both parties
using the test method(s) specified in this specification, or
alternatively, upon agreement of both parties, an independent
laboratory may be selected for the test(s) using the test
method(s) specified in this specification.

20. Certification

20.1 When specified in the purchase order or contract, the
purchaser shall be furnished certifications that samples repre-
senting each lot have been tested or inspected as directed in this
specification and that the requirements have been met.

21. Test Report

21.1 When specified in the purchase order or contract, a
report of the test results shall be furnished.

22. Packing, Marking, Shipping, and Preservation

22.1 Packaging—The product shall be separated by size,
composition, and temper, and prepared for shipment in such a
manner as to ensure acceptance by common carrier for
transportation and to afford protection from the normal hazards
of transportation.

22.2 Package Markings—Each shipping unit shall be leg-
ibly marked with the purchase order number, metal alloy
designation, temper, size, shape, gross and net weight, and
name of supplier. The specification number shall be shown,
when specified.

23. Keywords

23.1 ammunition components; bronze; bullet jackets; strip;
UNS No. C22000

TABLE 8 Schedule of Minimum Length and Maximum Weight of Ends for Mill Lengths, Specific Lengths with Ends and
Stock Lengths with Ends

Nominal Length, ft (m)

0.050 in. (1.27 mm) and
Under in Thickness

Over 0.050 to 0.125 in.
(1.27 to 3.18 mm) incl,

in Thickness

Over 0.125 to 0.250 in.
(3.18 to 6.35 mm) incl,

in Thickness

Minimum
Length of

Shortest Piece

Maximum
Permissible
Weight of

Ends, % of
Lot Weight

Minimum
Length of

Shortest Piece

Maximum
Permissible
Weight of

Ends, % of
Lot Weight

Minimum
Length of

Shortest Piece

Maximum
Permissible
Weight of

Ends, % of
Lot Weightft m ft m ft m

6 to 8 (1.83 to 2.44), incl 4 1.22 20 4 1.22 25 3 0.914 30
8 to 10 (2.44 to 3.05), incl 6 1.83 25 5 1.52 30 4 1.22 35
10 to 14 (3.05 to 4.27), incl 7 2.13 30 6 1.83 35 5 1.52 40

TABLE 9 Straightness Tolerances
Maximum Edgewise Curvature (depth of arc)

in any 72-in. (1.83-m) Portion of the Total Length

Slit Metal and Slit Metal with Rolled Edges

Straightness Tolerance, in. (mm)

Width, in. (mm) As Slit Only

As Slit and
Either

Straightened
or Edge
Rolled

Shipped in
Rolls

Shipped
Flat

Shipped
Flat, in

Rolls, or on
Bucks

Over 1⁄4 to 3⁄8 (6.35 to
9.53), incl

2 (51) 11⁄2 (38) 1⁄2 (13)

Over 3⁄8 to 1⁄2 (9.53 to
12.7), incl

11⁄2 (38) 1 (25) 1⁄2 (13)

Over 1⁄2 to 1 (12.7 to
25.4), incl

1 (25) 3⁄4 (19) 1⁄2 (13)

Over 1 to 2 (25.4 to 50.8),
incl

5⁄8 (16) 5⁄8 (16) 3⁄8 (9.5)

Over 2 to 4 (50.8 to 102),
incl

1⁄2 (13) 1⁄2 (13) 3⁄8 (9.5)

Over 4 (102) 3⁄8 (9.5) 3⁄8 (9.5) 3⁄8 (9.5)

Square Sheared Metal
Not applicable to metal over 120 in. (3.05 m) in length

Straightness Tolerances, in. (mm)

Thickness, in. (mm)
Up to 10 in.
(254 mm),

incl, in Width

Over 10 in.
(254 mm) in

Width
1⁄8 (3.18) and under 1⁄16 (1.6) 1⁄32 (0.79)
Over 1⁄8 to 3⁄16 (3.18 to 4.78), incl 1⁄8 (3.2) 3⁄64 (1.2)
Over 3⁄16 (4.78) 1⁄8 (3.2) 1⁄16 (1.6)
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 130 – 95)
that may impact the use of this standard.

(1) Specification B 248 was added to Section 2.2, Referenced
Documents.
(2) Former Table 3, Annealed Temper, was deleted and the
remaining tables were renumbered.
(3) Several sections (11, 19.2, 20, and 21) were added to meet
the Committee B05Outline of Form for Specifications(OFS).

(4) A note in Section 10 was deleted.

(5) Bismuth was added to Table 1.

(6) Reference to strip thickness for grain size was deleted from
9.1.

(7) Section 13 on Sampling was revised.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 131 – 02

Standard Specification for
Copper Alloy Bullet Jacket Cups 1

This standard is issued under the fixed designation B 131; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification establishes the requirements for bullet
jacket preform cups produced of Copper Alloy UNS No.
C22000 for processing into bullet jackets of the following
types and classes:

1.1.1 Type I—Caliber 0.30.
1.1.2 Type II—Caliber 0.45.
1.1.3 Type III—Caliber 0.50.
1.1.4 Type IV—As specified in the contract or order.
1.1.5 Class I—Not annealed.
1.1.6 Class II—Annealed.
1.2 The values stated in inch-pound units are the standard,

except for grain size, which is given in SI units. Values in
parentheses are for information only.

2. Referenced Documents

2.1 ASTM Standards:
B 601 Classification for Temper Designations for Copper

and Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 3 Guide for Preparation of Metallographic Specimens3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 112 Test Methods for Determining Average Grain Size3

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition5

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys, see Terminology B 846.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 blank (blanking), n—a piece of metal removed from

sheet or strip, intended for subsequent fabrication such as
cupping and drawing.

3.2.2 cup (cupping), n—a shallow cylindrical shell closed at
one end, normally intended for further fabrication, formed
from a blank.

4. Ordering Information

4.1 Orders for product under this specification should in-
clude the following information:

4.1.1 ASTM designation and year of issue.
4.1.2 Type and class (Section 1),
4.1.3 Grain size (Section 7),
4.1.4 Dimensions and tolerances (see 8.1),
4.1.5 Drawing number to which order applies (see 8.1), and
4.1.6 Work test requirements if required (Section 11).
4.1.7 In addition, when material is purchased for agencies of

the U.S. Government (see Supplementary Requirements sec-
tion).

5. Material and Manufacture

5.1 Material:
5.1.1 The material of manufacture shall be annealed plate,

sheet, strip, or disks of wrought Alloy UNS No. C22000
processed to produce even-topped cups.

5.2 Manufacture:
5.2.1 The material shall be blanked and cupped to meet the

cup dimensions specified, and subsequently annealed, if re-
quired. The annealed cups shall be cleaned to provide a surface
suitable for subsequent redrawing into bullet jackets.

6. Chemical Composition

6.1 The product shall conform to the chemical requirements
prescribed in Table 1.

6.2 Composition limits may be established and analysis
required for unnamed elements by agreement between manu-
facturer and purchaser.

6.3 Either copper or zinc may be taken as the difference
between the sum of all elements analyzed and 100 %. Copper,
when determined by difference, must conform to the require-
ments of Table 1. When all elements in Table 1 are analyzed,
the sum shall be 99.8 % min.

7. Grain Size of Annealed Tempers

7.1 Unless there is a prior agreement between the purchaser
and supplier the grain size of class II cups shall be produced to
have average grain size corresponding to the limits of the
OS025 or OS040 tempers as specified in Table 2.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved April 10, 2002. Published June 2002. Originally
published as B 131 – 40 T. Last previous edition B 131 – 96.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.05.

1

*A Summary of Changes section appears at the end of this standard.
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7.1.1 Grain size ranges other than those specified in Table 2
are to be established by agreement between manufacturer and
purchaser.

7.2 Grain size ranges for other cups shall established be by
agreement between manufacturer and purchaser.

8. Dimensions, Mass, and Permissible Variations

8.1 All dimensions and tolerances of cups shall be as
indicated on the drawings furnished with the purchase order or
contract.

9. Workmanship, Finish, and Appearance

9.1 The cups shall be uniform in quality and shall be free of
conditions which would interfere with the purpose for which
the cups are intended.

10. Sampling

10.1 The lot size, portion size, and selection of pieces shall
be as follows:

10.1.1 Lot Size—40 000 lb (18 144 kg) or fraction thereof.
10.1.2 Portion Size:
10.1.2.1 For chemical analysis—5 cups. In accordance with

Practice E 255, drillings, millings, etc., shall be taken in
approximately equal weight from each of the sample cups
selected and combined into one composite sample. The mini-
mum weight of the composite sample that is divided into three
equal parts shall be 150 g. Each of the three equal parts shall
be placed in a package and sealed: one for the seller, one for the
purchaser, and one for an umpire.

10.1.2.2 For grain size determination—20 cups.
10.1.2.3 For the determination of dimensions—200 cups.
10.1.2.4 For the visual inspection—2000 cups.
10.1.2.5 For work tests—500 cups or 5000 cups, when and

as required.

11. Number of Tests and Retests

11.1 Visual Inspection—Each cup in the sample shall be
visually inspected.

11.1.1 Major Defects—Not more than 0.25 % of the cups in
the sample shall contain the following major defects: scaly
metal, deep scratches, laminations, slivers, laps, cracks, or
wrinkles.

11.1.2 Minor Defects—Not more than 2 % of the cups in the
sample shall contain the following minor defects: oily cup,
greasy cup, dirty cup, oxidized cup, dented or bent edges, or
scratches.

11.2 Work Test—If required by the purchase order or con-
tract, one of the following work tests may be performed by the
purchaser before approval of a lot for shipment:

11.2.1 Five hundred cups or more shall be subjected to a
working test by processing them through the first drawing
operation. The cups shall draw satisfactorily without showing
defects that will cause them to be unsuitable for the purpose
intended.

11.2.2 Five thousand cups shall be subjected to a working
test by processing them satisfactorily into bullet jackets.

11.3 Grain Size—Each cup in the sample shall be tested.
11.3.1 If the material fails to pass the visual inspection

examination or a work test, or if more than one specimen fails
the grain size test, a retest shall be permitted on a sample
double that of the original sample. The result of the retest or
retests shall meet the specified requirements.

11.4 Chemical Analysis—An additional sample in accor-
dance with 10.1.2.1 is permitted to be made and tested.

12. Specimen Preparation

12.1 For grain size measurements, either tangential grinding
and polishing, or cutting, mounting, and polishing methods
may be used to reach the zone (Fig. 1).

12.1.1 The test specimen shall be prepared in accordance
with Practice E 3.

12.2 Specimens for chemical analysis shall be prepared in
accordance with Practice E 255.

13. Test Methods

13.1 The properties and chemical composition enumerated
in this specification shall, in case of disagreement, be deter-
mined in accordance with the following ASTM methods:

Test ASTM Designation
Chemical analysis E 478
Grain size E 3, E112

TABLE 1 Chemical Requirements

Element Composition, %

Copper 89.0–91.0
Lead, max 0.05
Iron, max 0.05
Bismuth, max 0.006
Zinc remainder

TABLE 2 Grain Size Requirements

Standard Designation
(B 601)

Average Grain Size, mm
nominal min max

OS025 0.025 0.015 0.035
OS040 0.040 0.025 0.050

FIG. 1 Location of Areas to Be Examined for Grain Size in Bullet
Jacket Cups
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13.2 The test method(s) used for determination of ele-
ment(s) required by contractural or purchase order agreement
shall be as agreed upon between the manufacturer and the
purchaser.

13.3 Grain size measurements shall be made in a zone that
is the approximate mid-point of the sidewall length and
thickness of the cup as shown in Fig. 1. At least three
measurements shall be made, averaged, and recorded for each
grain size determination.

14. Significance of Numerical Limits

14.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value, or a calculated value, shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property Rounded Unit for Observed or Calculated Value
Chemical composition Nearest unit in the last right-hand significant digit

used in expressing the limiting value
Grain size Nearest multiple of 0.005 mm

15. Inspection

15.1 The manufacturer shall inspect and make the tests
necessary to verify that the product furnished conforms to
specification requirements.

15.2 Measurement of Dimensions—Each sample cup shall
be gaged for compliance with all the dimensions shown on the
applicable drawing. In addition, each cup in the sample shall be
measured for sidewall thickness at two or more opposite points
at the same distance from the mouth or base. The variation in
wall thickness of any cup so measured shall be within the limits
as shown on the drawing.

15.3 If, in addition, source inspection of the material by the
purchaser is agreed upon between the manufacturer and the
purchaser as part of the purchase order or contract, the nature
of the facilities needed to satisfy the inspector representing the
purchaser that the product is being furnished in accordance
with this specification shall be included in the agreement. All
tests and the inspection shall be conducted so as not to interfere
unnecessarily with the operation of the works.

15.4 The manufacturer and the purchaser, by mutual agree-
ment, may accomplish the final inspection simultaneously.

16. Rejection and Rehearing

16.1 Rejection:

16.1.1 Product that fails to conform to specification require-
ments when inspected or tested by the purchaser or his agent
may be rejected.

16.1.2 Rejection shall be reported to the manufacturer or
supplier promptly and in writing.

16.2 Rehearing:
16.2.1 As a result of product rejection, the manufacturer or

supplier may make claim for a retest to be conducted by the
manufacturer or supplier and the purchaser.

16.2.2 Samples of the rejected product shall be taken in
accordance with the product specification and tested by both
parties following the test method(s) specified in the product
specification, or, alternatively, upon agreement of both parties,
an independent laboratory may be selected for the test(s)
following the specified test methods.

17. Certification

17.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met.

18. Packaging, and Package Marking

18.1 The product shall be separated by type and class, and
prepared for shipment in such a manner as to ensure acceptance
by common carrier for transportation and to afford protection
from the normal hazards of transportation.

18.2 Each shipping unit shall be legibly marked with the
purchase order number, type, class, gross and net weight, and
name of supplier. The specification number shall be shown,
when specified.

18.3 In addition to the above, specific instructions appearing
on the purchase order or contract, or issued by the contracting
officer, shall be adhered to unless, by mutual agreement, other
provisions are established.

19. Test Report

19.1 When specified in the contract or purchase order, a
report of test results shall be furnished.

20. Keywords

20.1 bullet jackets; commercial bronze cups
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. Government.

S1. Scope

S1.1 The following supplementary requirements shall apply
only when specified by the purchaser in the inquiry, contract, or
order, for agencies of the U.S. Government.

S2. Referenced Documents

S2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S2.1.1 Federal Standards:6

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S2.1.2 Military Standard:6

MIL-STD-129 Marking for Shipment and Storage
S2.1.3 ASTM Standard:6

B 900 Practice for Packaging Copper and Copper-Alloy
Mill-Product for U.S. Government Agencies2

S3. Quality Assurance

S3.1 Responsibility for Inspection:
S3.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the

manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections and tests set forth in this specification when such
inspections and tests are deemed necessary to assure that the
material conforms to the prescribed requirements.

S4. Identification Marking

S4.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S5. Preparation for Delivery

S5.1 Preservation, Packaging, Packing:
S5.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, packed Level A, B, or C, as specified
in the contract or purchase order, in accordance with the
requirements of Practice B 900.

S5.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S5.2 Marking:
S5.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S5.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 131 – 96)
that may impact the use of this standard.

(1) Revised Terminology section.
(2) Revised Chemical Composition section.

(3)Added Bismuth properties to Table 1 and removed Table 1’s
footnote about bismuth.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

6 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5098, Attn: NPODS.
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Designation: B 134/B 134M – 01

Standard Specification for
Brass Wire 1

This standard is issued under the fixed designation B 134/B 134M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes requirements for round,
hexagonal, octagonal, rectangular and square brass wire of
UNS Alloys C21000, C22000, C22600, C23000, C23400,
C24000, C26000, C27000, and C27400.

1.2 Units—The values stated in either inch-pound or SI
units are to be regarded separately as standard. Within the text
and tables, the SI units are shown in brackets. The values stated
in each system may not be exact equivalents: therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in nonconformance
with the standard.

2. Referenced Documents

2.1 ASTM Standards:
B 250 Specification for General Requirements for Wrought

Copper-Alloy Wire2

B 250M Specification for General Requirements for
Wrought Copper-Alloy Wire (Metric)2

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials (Metric)3

E 112 Test Methods for Determining the Average Grain
Size3

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

3. General Requirements

3.1 The following sections of Specification B 250 or
B 250M constitute a part of this specification.

3.1.1 Terminology,
3.1.2 Materials and Manufacture,

3.1.3 Workmanship, Finish and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods,
3.1.8 Significance of Numerical limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Mill Test Reports,
3.1.13 Product Marking,
3.1.14 Packaging and Package Marking,
3.1.15 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements that supplement those that appear in
Specification B 250 or B 250M.

4. Ordering Information

4.1 Include the following information in orders for product:
4.1.1 ASTM Designation and year of issue,
4.1.2 Copper Alloy UNS No. designation,
4.1.3 Temper,
4.1.4 Cross section (round, hexagonal, octagonal, rectangu-

lar, or square),
4.1.5 Quantity; total weight, footage, or number of pieces of

each temper, cross section, or alloy,
4.1.6 Dimensions; diameter or distance between parallel

surfaces, width and thickness, length,
4.1.7 Type of edge; square corners, rounded edge, full-

rounded edge,
4.1.8 How furnished; coil, spool, or reel, specific lengths

with or without ends, and
4.1.9 When material is purchased for agencies of the U.S.

Government (Specification B 250 or B 250M).
4.2 The following options are available to this specification

and should be specified in the contract or purchase order when
required:

4.2.1 Certification (Specification B 250 or B 250M), and
4.2.2 Mill Test Report (Specification B 250 or B 250M).

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved June 10, 2001. Published September 2001. Originally
published as B 134 – 40 T. Last previous edition B 134 – 96.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.06.
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5. Materials and Manufacture

5.1 Material:
5.1.1 The material shall be made from cast billets, logs, or

rods of Copper Alloy UNS Numbers C21000, C22000,
C22600, C23000, C23400, C24000, C26000, C27000, or
C27400, of such purity, soundness, and structure to be suitable
for processing into the desired product.

5.2 Manufacture:
5.2.1 The products shall be manufactured by such hot

working, cold working, and annealing processing as to produce
a uniform wrought structure in the finished product.

6. Chemical Composition

6.1 The material shall conform to the chemical composi-
tional requirements specified in Table 1 for the copper alloy
specified in the ordering information.

6.1.1 When all elements specified for a given alloy in Table
1 are determined, their sum of results shall be as follows:

Alloy UNS Nos.

Sum of Re-
sults,

Percent,
Minimum

C21000, C22000, C22600, C23000,
C23400, C24000

99.8

C26000, C27000, C27400 99.7

6.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer or supplier and the purchaser.

6.3 Zinc, listed as the “remainder,” is the difference between
the sum of results for all elements determined and 100 %.

7. Temper

7.1 The product in drawn or rolled wire of UNS Alloy Nos.
C21000, C22000, C22600, C23000, C23400, C24000,
C26000, C27000, and C27400 shall be available in H00, H01,
H02, H03, H04, H06, H08, and H10 tempers as defined in
Practice B 601.

7.1.1 Product made in H04 temper is not generally available
in sizes over1⁄2 in. [13 mm] in diameter.

7.1.2 Product made in H06 temper is not generally available
in sizes over3⁄8 in. [10 mm] in diameter.

7.1.3 Product made in H08 temper is not generally available
in sizes over1⁄4 in. [6 mm] in diameter.

7.1.4 Square product is not generally available in H06 or
H08 tempers.

7.1.5 The tension test shall be the standard temper test for
all H temper wire.

7.1.6 The product in annealed form of UNS Alloys Nos.
C21000 and C22000 shall be available in OS050, OS035,
OS025, and OS015 tempers as defined in Practice B 601.

7.1.7 The product in annealed form of UNS Alloy Nos.
C22600, C23000, C23400, and C24000 shall be available in
OS070, OS050, OS035, OS025, OS015, and OS010 tempers as
defined in Practice B 601.

7.1.8 The product in annealed form of UNS Alloy Nos.
C26000, C27000, and C27400 shall be available in OS120,
OS070, OS050, OS035, OS025, and OS015 tempers as defined
in Practice B 601.

8. Grain Size for Annealed Wire

8.1 Grain size shall be the standard requirement for all
product in the annealed tempers.

8.2 Acceptance or rejection based on grain size shall depend
only on the average grain size of test specimens taken from
each of two sample portions and each specimen shall be within
the limits prescribed in Table 2 when determined in accordance
with Test Methods E 112.

9. Mechanical Property Requirements

9.1 Tensile Strength Requirements:
9.1.1 Drawn or rolled product shall conform to the require-

ments specified in Tables 3-6, by alloy and temper, for wire
0.020 in. [0.5 mm] and over in diameter or distance between
parallel surfaces.

9.1.1.1 The temper of wire under 0.020 in. [0.5 mm] in
diameter or distance between parallel surfaces shall be subject
to agreement between the manufacturer, or supplier, and the
purchaser.

9.1.2 Rectangular product, furnished in the “H” tempers
shall conform to the requirements in Tables 5 and 6 for the
temper and Copper Alloy UNS No. designation specified in the
ordering information when tested in accordance with Test
Methods E 8 or E 8M.

9.1.3 Acceptance or rejection based upon mechanical prop-
erty shall depend on the tensile strength values obtained when
tested in accordance with Test Methods E 8 or E 8M.

TABLE 1 Chemical Requirements

Copper Alloy
UNS No.

Composition, %

Copper Lead, max Iron, max Zinc

C21000 94.0–96.0 0.05 0.05 remainder
C22000 89.0–91.0 0.05 0.05 remainder
C22600 86.0–89.0 0.05 0.05 remainder
C23000 84.0–86.0 0.05 0.05 remainder
C23400 81.0–84.0 0.05 0.05 remainder
C24000 78.5–81.5 0.05 0.05 remainder
C26000 68.5–71.5 0.07 0.05 remainder
C27000 63.0–68.5 0.10 0.07 remainder
C27400 61.0–64.0 0.10 0.05 remainder
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9.2 Rockwell Hardness:
9.2.1 The approximate Rockwell hardness values for rect-

angular other than square wire given in Table 2, Table 5, and

Table 6 are for general information and assistance in testing
and shall not be used as a basis for product rejection.

TABLE 2 Grain Size Requirements and Approximate Rockwell Hardness Values for Annealed Wire

Temper
Designation

Grain Size, mm
Approximate Rockwell Hardness for Rectangular WireA

F Scale 30-T Scale

Standard
(B 601)

Nominal Min Max Min Max Min Max

Copper Alloy UNS No. C21000

OS050 0.050 0.035 0.090 40B 52B ... 4
OS035 0.035C 0.025 0.050 47B 54B ... 7
OS025 0.025 0.015 0.035 50B 61B 1 17
OS015 0.015C D 0.025 54B 65B 7 23

Copper Alloy UNS No. C22000

OS050 0.050 0.035 0.090 50 60 1 16
OS035 0.035C 0.025 0.050 54 64 7 21
OS025 0.025 0.015 0.035 58 70 13 31
OS015 0.015C D 0.025 62 75 19 39

Copper Alloy UNS Nos. C22600, C23000, and C23400

OS070 0.070 0.050 0.100 53 60 6 16
OS050 0.050C 0.035 0.070 56 63 10 20
OS035 0.035C 0.025 0.050 58 66 13 24
OS025 0.025C 0.015 0.035 60 72 16 34
OS015 0.015C D 0.025 62 79 19 48
OS010 0.010C D 0.015 66 83 25 50

Copper Alloy UNS No. C24000

OS070 0.070 0.050 0.120 53 64 2 21
OS050 0.050C 0.035 0.070 57 67 8 27
OS035 0.035C 0.025 0.050 61 72 16 35
OS025 0.025C 0.015 0.035 63 77 20 42
OS015 0.015C D 0.025 66 83 25 50

Copper Alloy UNS Nos. C26000, C27000, and C27400

OS120 0.120 0.070 ... 50 62 ... 21
OS070 0.070 0.050 0.120 52 67 3 27
OS050 0.050 0.035 0.070 61 73 20 35
OS035 0.035 0.025 0.050 65 76 25 38
OS025 0.025 0.015 0.035 67 79 27 42
OS015 0.015 D 0.025 72 85 33 50

A Rockwell hardness values apply as follows: The F scale applies to metal 0.020 in. [0.5 mm] in thickness and over; the 30-T scale applies to metal 0.015 in. [0.4 mm]
in thickness and over.

B Copper Alloy UNS No. C21000 in these several OS (annealed) tempers is too soft for Rockwell F hardness tests below 0.030 in. [0.75 mm] in thickness.
C The nominal grain sizes are those in which wire other than rectangular are normally available. Rectangular wire is normally available in any of the nominal grain sizes

listed.
D Although no minimum grain size is required, the material must be fully recrystallized.

TABLE 3 Tensile Strength Requirements for Round, Hexagonal, Octagonal, and Square Wire 0.020 in. and Over in Diameter or Distance
Between Parallel Surfaces

Temper Designation Tensile Strength, ksiA

Code Name

Copper Alloy UNS
No.

C21000

Copper Alloy UNS
No.

C22000

Copper Alloy UNS
Nos. C22600
and C23000

Copper Alloy UNS
Nos. C23400
and C24000

Copper Alloy UNS Nos.
C26000, C27000,

and C27400

Min Max Min Max Min Max Min Max Min Max

H00 eighth-hard 35 45 38 50 43 57 50 65 50 65
H01 quarter-hard 41 51 45 57 53 65 62 75 62 77
H02 half-hard 49 58 56 67 66 77 78 90 79 94
H03 three-quarter hard 57 64 64 74 76 86 90 101 92 107
H04B hard 61 68 70 79 83 92 100 110 102 117
H06C,D extra-hard 66 73 78 86 94 102 112 121 115 129
H08E,D spring 72 ... 84 ... 100 ... 116 ... 120 ...

A ksi = 1000 psi.
B H04 (hard) temper wire is not generally available in sizes over 1⁄2 in. in diameter.
C H06 (extra-hard) temper is not generally available in sizes over 3⁄8 in. in diameter.
D Square wire is not generally available in extra hard or spring tempers.
E H08 (spring) temper is not generally available in sizes over 1⁄4 in. in diameter.
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NOTE 1—The Rockwell hardness test offers a quick and convenient
method of checking for general compliance with properties for temper
condition.

10. Dimensions, Mass, and Permissible Variations

10.1 The dimensions and tolerances for product described
by this specification shall be as specified in Specifications
B 250 or B 250M with particular reference to the following
tables and related paragraphs in those specifications:

10.1.1 Diameter or Distance Between Parallel Surfaces—
Table 1 in Specifications B 250 or B 250M.

10.1.2 Thickness—Table 3 in Specifications B 250 or
B 250M.

10.1.3 Width—Table 5 in Specification B 250 or Table 4 in
Specification B 250M.

10.1.4 Length—Tables 7 and 8 in Specification B 250 or
Tables 5 and 6 in Specification B 250M.

10.1.5 Straightness—Table 9 in Specification B 250 or
Table 7 in Specification B 250M.

10.1.5.1 This requirement is applicable to rectangular and
square product only when ordered in lengths.

10.1.6 Edge Contour—Refer to the section on edge contour.

11. Test Methods

11.1 Chemical Analysis
11.1.1 Composition shall be determined, in case of disagree-

ment, as follows:
Element Test Method

Copper E 478
Lead E 478 (AA)
Iron E 478
Zinc E 478 (Titrametric)

11.1.2 Test methods to be followed for the determination of
elements resulting from contractual or purchase order agree-
ment shall be as agreed upon between the manufacturer or
supplier and the purchaser.

12. Keywords

12.1 brass wire; C21000; C22000; C22600; C23000;
C23400; C24000; C26000; C27000; C27400; copper-alloy
wire; copper-zinc alloy wire; general purpose wire; hexagonal
wire; high strength wire; nonelectrical wire; octagonal wire;
ornamental wire; rectangular wire; round wire; spring wire;
square wire; wire

TABLE 4 Tensile Strength Requirements for Round, Hexagonal, Octagonal, and Square Wire 0.5 mm and Over in Diameter or Distance
Between Parallel Surfaces

Temper Designation Tensile Strength, MPaA

Code Name

Copper Alloy UNS
No.

C21000

Copper Alloy UNS
No.

C22000

Copper Alloy UNS
Nos. C22600
and C23000

Copper Alloy UNS
Nos. C23400
and C24000

Copper Alloy UNS Nos.
C26000, C27000,

and C27400

Min Max Min Max Min Max Min Max Min Max

H00 Eighth-hard 240 310 260 345 295 395 345 450 345 450
H01 Quarter-hard 285 350 310 395 365 450 425 515 425 530
H02 Half-hard 340 400 385 460 455 530 540 620 545 650
H03 Three-quarter hard 395 440 440 510 525 595 620 700 635 740
H04B Hard 420 470 485 545 570 635 690 760 700 810
H06C,D Extra-hard 455 505 540 595 650 700 770 830 790 890
H08E,D Spring 495 . . . 580 . . . 690 . . . 800 . . . 830 . . .

A See Appendix X1.
B H04 (hard) temper wire is not generally available in sizes over 13 mm in diameter.
C H06 (extra-hard) temper is not generally available in sizes over 10 mm in diameter.
D Square wire is not generally available in extra hard or spring tempers.
E H08 (spring) temper is not generally available in sizes over 6 mm in diameter.
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TABLE 5 Tensile Strength Requirements and Approximate Rockwell Hardness Values for Rectangular Wire

Temper Designation
Tensile Strength,

ksi

Approximate Rockwell HardnessA

B Scale Superficial 30-T

Standard
(B 601)

Former Min Max
0.020 to
0.036 in.

incl

Over 0.036
in.

0.012
to

0.028 in.
incl

Over 0.028
in.

Copper Alloy UNS No. C21000

H01 quarter-hard 37 47 20-48 24-52 34-51 37-54
H02 half-hard 42 52 40-56 44-60 46-57 48-59
H03 three-quarter-hard 46 56 50-61 53-64 52-60 54-62
H04 hard 50 59 57-64 60-67 57-62 59-64
H06 extra hard 56 64 64-70 66-72 62-66 63-67
H08 spring 60 68 68-73 70-75 64-68 65-69
H10 extra spring 61 69 69-74 71-76 65-69 66-70

Copper Alloy UNS No. C22000

H01 quarter-hard 40 50 27-52 31-56 38-53 41-56
H02 half-hard 47 57 50-63 53-66 52-61 54-63
H03 three-quarter-hard 52 62 59-68 62-71 58-64 60-66
H04 hard 57 66 65-72 68-75 62-66 64-68
H06 extra hard 64 72 72-77 74-79 67-71 68-72
H08 spring 69 77 76-79 78-81 70-72 71-73
H10 extra spring 72 80 78-81 80-83 71-73 72-74

Copper Alloy UNS Nos. C22600 and C23000

H01 quarter-hard 44 54 33-58 37-62 42-57 45-60
H02 half-hard 51 61 56-68 59-71 56-64 58-66
H03 three-quarter-hard 57 67 66-73 69-76 63-68 65-70
H04 hard 63 72 72-78 74-80 67-71 68-72
H06 extra hard 72 80 78-83 80-85 70-74 71-75
H08 spring 78 86 82-85 84-87 74-76 75-77
H10 extra spring 82 90 84-87 86-89 75-77 76-78

Copper Alloy UNS Nos. C23400 and C24000

H01 quarter-hard 48 58 38-61 42-65 42-57 45-60
H02 half-hard 55 65 59-70 62-73 56-64 58-66
H03 three-quarter-hard 61 71 69-76 72-79 63-68 65-70
H04 hard 68 77 76-82 78-84 68-72 69-73
H06 extra hard 78 87 83-87 85-89 72-75 73-76
H08 spring 85 93 87-90 89-92 75-77 76-78
H10 extra spring 89 97 88-91 90-93 76-78 77-79

Copper Alloy UNS No. C26000

H01 quarter-hard 49 59 40-61 44-65 43-57 46-60
H02 half-hard 57 67 60-74 63-77 56-66 58-68
H03 three-quarter-hard 64 74 72-79 75-82 65-70 67-72
H04 hard 71 81 79-84 81-86 70-73 71-74
H06 extra hard 83 92 85-89 87-91 74-76 75-77
H08 spring 91 100 89-92 90-93 76-78 76-78
H10 extra spring 95 104 91-94 92-95 77-79 77-79

Copper Alloy UNS Nos. C27000 and C27400

H01 quarter-hard 49 59 40-61 44-65 43-57 46-60
H02 half-hard 55 65 57-71 60-74 54-64 56-66
H03 three-quarter-hard 62 72 70-77 73-80 65-69 67-71
H04 hard 68 78 76-82 78-84 68-72 69-73
H06 extra hard 79 89 83-87 85-89 73-75 74-76
H08 spring 86 95 87-90 89-92 75-77 76-78
H10 extra spring 90 99 88-91 90-93 76-78 77-79

A Rockwell hardness values apply as follows: the B scale values apply to metal 0.020 in. and over in thickness, and the 30-T scale values apply to metal 0.012 in. and
over in thickness.
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TABLE 6 Tensile Strength Requirements and Approximate Rockwell Hardness Values for Rectangular Wire

Temper Designation
Tensile Strength,

MPaA

Approximate Rockwell HardnessB

B Scale Superficial 30-T

Standard
(B 601)

Former Min Max
0.5 to

0.9
mm incl

Over 0.9
mm

0.3 to
0.7

mm incl

Over 0.7
mm

Copper Alloy UNS No. C21000

H01 quarter-hard 255 325 20-48 24-52 34-51 37-54
H02 half-hard 290 360 40-56 44-60 46-57 48-59
H03 three-quarter-hard 315 385 50-61 53-64 52-60 54-62
H04 hard 345 405 57-64 60-67 57-62 59-64
H06 extra hard 385 440 64-70 66-72 62-66 63-67
H08 spring 415 470 68-73 70-75 64-68 65-69
H10 extra spring 420 475 69-74 71-76 65-69 66-70

Copper Alloy UNS No. C22000

H01 quarter-hard 275 345 27-52 31-56 38-53 41-56
H02 half-hard 325 395 50-63 53-66 52-61 54-63
H03 three-quarter-hard 360 425 59-68 62-71 58-64 60-66
H04 hard 395 455 65-72 68-75 62-66 64-68
H06 extra hard 440 495 72-77 74-79 67-71 68-72
H08 spring 475 530 76-79 78-81 70-72 71-73
H10 extra spring 495 550 78-81 80-83 71-73 72-74

Copper Alloy UNS Nos. C22600 and C23000

H01 quarter-hard 305 370 33-58 37-62 42-57 45-60
H02 half-hard 350 420 56-68 59-71 56-64 58-66
H03 three-quarter-hard 395 460 66-73 69-76 63-68 65-70
H04 hard 435 495 72-78 74-80 67-71 68-72
H06 extra hard 495 550 78-83 80-85 70-74 71-75
H08 spring 540 595 82-85 84-87 74-76 75-77
H10 extra spring 565 620 84-87 86-89 75-77 76-78

Copper Alloy UNS Nos. C23400 and C24000

H01 quarter-hard 330 400 38-61 42-65 42-57 45-60
H02 half-hard 380 450 59-70 62-73 56-64 58-66
H03 three-quarter-hard 420 490 69-76 72-79 63-68 65-70
H04 hard 470 530 76-82 78-84 68-72 69-73
H06 extra hard 540 600 83-87 85-89 72-75 73-76
H08 spring 585 640 87-90 89-92 75-77 76-78
H10 extra spring 615 670 88-91 90-93 76-78 77-79

Copper Alloy UNS No. C26000

H01 quarter-hard 340 405 40-61 44-65 43-57 46-60
H02 half-hard 395 460 60-74 63-77 56-66 58-68
H03 three-quarter-hard 440 510 72-79 75-82 65-70 67-72
H04 hard 490 560 79-84 81-86 70-73 71-74
H06 extra hard 570 635 85-89 87-91 74-76 75-77
H08 spring 625 690 89-92 90-93 76-78 76-78
H10 extra spring 655 720 91-94 92-95 77-79 77-79

Copper Alloy UNS Nos. C27000 and C27400

H01 quarter-hard 340 405 40-61 44-65 43-57 46-60
H02 half-hard 380 450 57-71 60-74 54-64 56-66
H03 three-quarter-hard 425 495 70-77 73-80 65-69 67-71
H04 hard 470 540 76-82 78-84 68-72 69-73
H06 extra hard 545 615 83-87 85-89 73-75 74-76
H08 spring 595 655 87-90 89-92 75-77 76-78
H10 extra spring 620 685 88-91 90-93 76-78 77-79

A See Appendix X1.
B Rockwell hardness values apply as follows: the B scale values apply to metal 0.5 mm and over in thickness, and the 30-T scale values apply to metal 0.3 mm and

over in thickness.
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 134-96)
that may impact the use of this standard.

(1) Added alloys C22600 and C23400 to the standard.
(2) Generally revised document to conform to ASTM form
and style requirements.

(3) Revised the standard as a combined specification with
both inch-pound and metric requirements.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 135 – 02

Standard Specification for
Seamless Brass Tube 1

This standard is issued under the fixed designation B 135; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification covers seamless round and rectangu-
lar including square copper alloy tube in straight lengths. Ten
alloys are specified having the following nominal composi-
tions:

Copper Previously Nominal Composition, %
Alloy Used
UNS Designa-
No.2 tionA Copper Zinc Lead Tin

C22000 7 90.0 10.0 ... ...
C23000 1 85.0 15.0 ... ...
C26000 2 70.0 30.0 ... ...
C27000 9 65.0 35.0 ... ...
C27200 8 63.0 37.0 ... ...
C27400 ... 62.5 37.5 ... ...
C28000 5 60.0 40.0 ... ...
C33000 3 66.0 33.5 0.5 ...
C33200 4 66.0 32.4 1.6 ...
C37000 6 60.0 39.0 1.0 ...
C44300 ... 71.5 27.5 ... 1.00

A Alloy Designations of Specification B 135 – 63, which was published in the
1966 Book of ASTM Standards, Part 5.

NOTE 1—A complete metric companion to Specification B 135 has
been developed—B 135M; therefore, no metric equivalents are presented
in this specification.

1.2 Warning—Mercury is a definite health hazard in use
and disposal. (See 10.1.)2

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 153 Test Method for Expansion (Pin Test) of Copper and

Copper-Alloy Pipe and Tubing3

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys3

B 251 Specification for General Requirements for Wrought
Seamless Copper and Copper-Alloy Tube3

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast3

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes4

E 527 Practice for Numbering Metals and Alloys (UNS)5

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 capable of—the test need not be performed by the

producer of the material. However, if subsequent testing by the
purchaser establishes that the material does not meet these
requirements, the material shall be subject to rejection.

4. Ordering Information

4.1 Orders for material under the specification shall include
the following information:

4.1.1 Alloy (Section 1),
4.1.2 Temper (Section 7),
4.1.3 Whether tension tests are required (for drawn tempers

only (see 8.1)),
4.1.4 Dimensions: diameter or distance between parallel

surfaces and wall thickness (see 11.2 and 11.3),
4.1.5 Length (see 12.4),
4.1.6 Mercurous nitrate test, if required (Section 10),
4.1.7 Total length of each size,
4.1.8 Hydrostatic pressure test, when specified, and
4.1.9 Pneumatic test, when specified.

5. General Requirements

5.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification B 251.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 135 – 40 T. Last previous edition B 135 – 00.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 03.03.
5 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



6. Chemical Composition

6.1 The material shall conform to the chemical requirements
specified in Table 1.

6.2 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements are to be
established by agreement between manufacturer or supplier
and purchaser.

6.2.1 For copper alloys in which zinc is specified as the
remainder, either copper or zinc shall be taken as the difference
between the sum of all the elements analyzed and 100 %.

6.2.1.1 When all the elements in Table 1 are analyzed, their
sum shall be as shown in the following table.

Copper Alloy UNS No.
Copper Plus Named

Elements, % min

C22000 99.8
C23000 99.8
C26000 99.7
C27000 99.7
C27200 99.7
C27400 99.7
C28000 99.7
C33000 99.6
C33200 99.6
C37000 99.6
C44300 99.6

7. Temper

7.1 Drawn Tempers, H—The tempers of drawn tube shall be
designated as light-drawn (H55), drawn (H58), and hard-drawn
(H80) (see Table 2). Light-drawn (bending) temper is used only
when a tube of some stiffness but yet capable of being bent is
needed. Drawn temper is for general purposes and is most
commonly used where there is no specific requirement for high
strength on the one hand or for bending qualities on the other.
Hard-drawn temper is used only where there is need for a tube
as strong as is commercially feasible for the sizes indicated.
For any combination of diameter and wall thickness not
covered under hard-drawn temper, the values given for drawn
temper shall be used. Rectangular including square tubes shall
normally be supplied only in drawn (general-purpose) temper.
When there is a need for light-drawn or hard-drawn tempers
these are to be supplied as agreed upon between the manufac-
turer and the purchaser.

7.2 Annealed Tempers, O—The tempers of annealed tube
shall be designated as light anneal (O50) and soft anneal (O60)
(Table 3).

NOTE 2—Tube of Copper Alloy UNS No. C23000, when specified to
meet the requirements of theASME Boiler and Pressure Vessel Code, shall
have in the annealed condition a minimum tensile strength of 40 ksi and
a minimum yield strength of 12 ksi at 0.5 % extension under load, in
which case the provisions for grain size and Rockwell hardness in 8.2 do
not apply.

8. Mechanical Properties

8.1 Drawn Temper—Tube shall conform to the mechanical
properties prescribed in Table 2. Tension tests are required for
tubes with a wall thickness under 0.020 in. and for round tubes
having an inside diameter under5⁄16 in. and for rectangular
including square tubes having a major distance between inside
parallel surfaces under3⁄16 in. The tension test for other sizes of
tubes need not be made except when indicated by the purchaser
at the time of placing the order. A convenient method of
indicating that the tension test is required is to specify that
“Test procedure ’T’ is required” (see 4.1.3). When agreement
on the Rockwell hardness tests cannot be reached, the tensile
strength requirements of Table 2 shall be the basis for accep-
tance or rejection.

8.2 Annealed Temper—Tube shall conform to the grain size
and Rockwell hardness limits prescribed in Table 3.

9. Expansion Test for Round Tube

9.1 Tube ordered in the annealed (O) condition, selected for
test, shall be capable of withstanding in accordance with Test
Method B 153 an expansion of the outside diameter in the
following amount:

Outside Diameter, in.
Expansion of Outside

Diameter, %

3⁄4 and under 20
Over 3⁄4 15

The expanded tube shall show no cracking or rupture visible
to the unaided eye. Tube ordered in the drawn (H) condition is
not subject to this test.

NOTE 3—The term “unaided eye,” as used herein, permits the use of
corrective spectacles necessary to obtain normal vision.

9.2 As an alternative to the expansion test for tube over 4 in.
in diameter in the annealed condition, a 4 in. in length shall be
cut from the end of one of the lengths for a flattening test. This
4-in. test specimen shall be flattened so that a gage set at three
times the wall thickness will pass over the tube freely through-
out the flattened part. The tube so tested shall develop no

TABLE 1 Chemical Requirements

Copper Alloy UNS No.
Composition,%

Copper Lead Arsenic Tin Iron, max Zinc

C22000 89.0–91.0 0.05 max ... ... 0.05 remainder
C23000 84.0–86.0 0.05 max ... ... 0.05 remainder
C26000 68.5–71.5 0.07 max ... ... 0.05 remainder
C27000 63.0–68.5 0.10 max ... ... 0.07 remainder
C27200 62.0–65.0 0.07 max ... ... 0.07 remainder
C27400 61.0–64.0 0.10 max ... ... 0.05 remainder
C28000 59.0–63.0 0.30 max ... ... 0.07 remainder
C33000 65.0–68.0 0.25A–0.7 ... ... 0.07 remainder
C33200 65.0–68.0 1.5–2.5 ... ... 0.07 remainder
C37000 59.0–62.0 0.9–1.4 ... ... 0.15 remainder
C44300 70.0–73.0 0.07 max 0.02–0.06 0.9–1.2 0.06 remainder

A In the case of Copper Alloy UNS No. C33000 on tube sizes greater than 5 in. in outside diameter, or distance between outside parallel surfaces, the lead content shall
be 0.7 % maximum, no minimum is specified.
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cracks or flaws visible to the unaided eye (Note 3) as a result
of this test. In making the flattening test the elements shall be
slowly flattened by one stroke of the press.

9.3 Drawn temper tube shall not be required to withstand
these tests.

10. Mercurous Nitrate Test

10.1 Warning—Mercury is a definite health hazard. Use
equipment for the detection and removal of mercury vapor.
Wear rubber gloves when conducting the test.

10.2 When specifically required, test specimens 6 in. in
length of both annealed and drawn tempers shall withstand,
after proper cleaning, an immersion for 30 min without
cracking in the standard mercurous nitrate solution prescribed
in Test Method B 154. Immediately after removal from the
solution, the specimen shall be wiped free of excess mercury
and examined for cracks.

11. Nondestructive Testing

11.1 Unless nondestructive testing has been waived, tubes
shall be subjected to a nondestructive test. The manufacturer
shall select the nondestructive test that is most suitable for the
tube size and the application.

11.1.1 Eddy-current testing is the standard nondestructive
test, and all tubes of appropriate size shall be eddy-current
tested in accordance with 11.2.

11.1.2 Tubes that are not of a size suitable for eddy-current
test capabilities shall be tested by the hydrostatic test as
described in 11.3.1, or by the pneumatic test as described in
11.3.2.

11.2 Eddy-Current Test—Each tube up to 31⁄8 in. in outside
diameter shall be subjected to an eddy-current test. Testing
shall follow the procedure of Practice E 243, except the
determination of “end effect” is not required. Tubes shall be
passed through an eddy-current test unit adjusted to provide
information on the suitability of the tube for the intended
application.

11.2.1 Notch-depth standards rounded to the nearest 0.001
in. shall be 22 % of the nominal wall thickness. The notch-
depth tolerance shall be60.0005 in. Alternatively, if the
manufacturer uses speed-insensitive eddy-current units that are
equipped so that a fraction of the maximum unbalance signal is
able to be selected, the following percent maximum unbalance
signals shall be used.

TABLE 2 Mechanical Property Requirements of Drawn Temper Tube

Copper Alloy UNS No.
Temper DesignationA Outside Diameter, in.

or Major Distance
Between Outside

Parallel Surfaces, in.

Wall Thickness, in
Tensile

Strength
ksiB

Rockwell
HardnessC

30TStandard Former

C22000 H58 drawn (general purpose) all all 40 min 38 min
C22000 H80 hard drawnD up to 1, incl 0.020 to 0.120, incl 52 min 55 min
C22000 H80 hard drawnD over 1 to 2, incl 0.035 to 0.180, incl 52 min 55 min
C22000 H80 hard drawnD over 2 to 4, incl 0.060 to 0.250, incl 52 min 55 min

C23000 H55 light drawnD all all 44–58 43–75
C23000 H58 drawn (general purpose) all all 44 min 43 min
C23000 H80 hard drawnD up to 1, incl 0.020 to 0.120, incl 57 min 65 min
C23000 H80 hard drawnD over 1 to 2, incl 0.035 to 0.180, incl 57 min 65 min
C23000 H80 hard drawnD over 2 to 4, incl 0.0605 to 0.250, incl 57 min 65 min

C26000, C27000, C27200,
C27400, C33000,
and C33200

H58 drawn (general purpose) all all 54 min 53 min

C26000, C27000, C27200,
C27400, C33000,
and C33200

H80 hard drawnD up to 1, incl 0.020 to 0.120, incl 66 min 70 min

C26000, C27000, C27200,
C27400, C33000,
and C33200

H80 hard drawnD over 1 to 2, incl 0.035 to 0.180, incl 66 min 70 min

C26000, C27000, C27200,
C27400, C33000,
and C33200

H80 hard drawnD over 2 to 4, incl 0.060 to 0.250, incl 66 min 70 min

C28000 and
C37000

H58 drawn (general purpose) all all 54 min 55 min

C44300 H58 drawn (general purpose) all all 54 min 53 min
C44300 H80 hard drawnD all all 66 min 70 min

A Standard designations defined in Classification B 601.
B ksi = 1000 psi.
C Rockwell hardness values shall apply only to tubes having a wall thickness of 0.012 in. or over and to round tubes having an inside diameter of 5⁄16 in. or over and

to rectangular including square tubes having an inside major distance between parallel surfaces of 3⁄16 in. or over. Rockwell hardness shall be made on the inside surface
of the tube. When suitable equipment is not available for determining the specified Rockwell hardness, other Rockwell scales and values shall be specified subject to
agreement between the manufacturer and the purchaser.

D Light-drawn and hard-drawn tempers are available in round-tube only.
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Standard Tube Size, inch
Maximum Percent Unbalance

Signal Magnitude

Up to and including 3⁄8 0.2
1⁄2 to 2 incl 0.3
Over 2 to 3 incl 0.4

11.2.2 Tubes that do not actuate the signalling device of the
eddy-current testers shall be considered as conforming to the
requirements of this test. If reexamined or retested, tubes with
signals that are found to have been caused by minor mechani-
cal damage, soil, or moisture, shall not be cause for rejection of
the tubes provided the tube dimensions are still within pre-
scribed limits and the tube is suitable for its intended applica-
tion.

11.3 A pressure test shall be specified for tube sizes over 31⁄8
in. in outside diameter or tube of dimensions beyond the
capabilities of the eddy-current test apparatus or as an alterna-
tive to the eddy-current test. The purchaser shall have the
option to specify either a hydrostatic test in 11.3.1 or the
pneumatic test in 11.3.2. When, in the case where subsequent
testing by the purchaser establishes that the material does not
meet these requirements, then the tubes shall be subject to
rejection.

11.3.1 Hydrostatic Test—When specified, the tube shall
stand, without showing evidence of leakage an internal hydro-

static pressure sufficient to subject the material to a fiber stress
of 7000 psi, determined by the following equation for thin
hollow cylinders under tension:

P 5 2St/~D 2 0.8t! (1)

where:
P = hydrostatic pressure, psi;
t = wall thickness of the material, in.;
D = outside diameter of the material, in.; and
S = allowable stress of the material.

11.3.2 Pneumatic Test—When specified, the tube shall be
subjected to an internal air pressure of 60 psig minimum for 5
s without showing evidence of leakage. The test method used
shall provide for easy visual detection of any leakage, such as
by immersion of the tube under water or by the pressure
differential method. Any evidence of leakage shall be cause for
rejection.

12. Dimensions and Permissible Variations

12.1 The dimensions and tolerances for material covered by
this specification shall be as prescribed in the current edition of
Specification B 251, with particular reference to Section 5 and
the following tables of that specification:

12.2 Wall Thickness Tolerances—See 5.2, Tables 1 and 6.

TABLE 3 Mechanical Property Requirements of Annealed Temper Tube

Copper Alloy UNS No.
Temper DesignationA

Wall Thickness, in.

Rockwell
HardnessB

Average Grain
Size, mm

Standard Former Scale Max Min Max

C22000 O60 soft anneal up to 0.045, incl 30T 30 0.025 0.060
C22000 O60 soft anneal over 0.045 F 70 0.025 0.060
C22000 O50 light anneal up to 0.045, incl 30T 37 C 0.035
C22000 O50 light anneal over 0.045 F 78 C 0.035

C23000 O60 soft anneal up to 0.045, incl 30T 36 0.025 0.060
C23000 O60 soft anneal over 0.045 F 75 0.025 0.060
C23000 O50 light anneal up to 0.045, incl 30T 39 C 0.035
C23000 O50 light anneal over 0.045 F 85 C 0.035

C26000, C33000, and
C33200

O60 soft anneal up to 0.030, incl 30T 40 0.025 0.060

C26000, C33000, and
C33200

O60 soft anneal over 0.030 F 80 0.025 0.060

C26000, C28000, C33000,
C332000, and C37000

O50 light anneal up to 0.030, incl 30T 60 C 0.035

C26000, C28000, C33000,
C332000, and C37000

O50 light anneal over 0.030 F 90 C 0.035

C27000, C27200, and
C27400

O60 soft anneal up to 0.030, incl 30T 40 0.025 0.060

C27000, C27200, and
C27400

O60 soft anneal over 0.030 F 80 0.025 0.060

C27000, C27200, and
C27400

O50 light anneal up to 0.030, incl 30T 60 C 0.035

C27000, C27200, and
C27400

O50 light anneal over 0.030 F 90 C 0.035

C44300 O60 soft anneal up to 0.030, incl 30T 40 0.025 0.060
C44300 O60 soft anneal over 0.030 F 80 0.025 0.060
C44300 O50 light anneal up to 0.030, incl 30T 60 C 0.035
C44300 O50 light anneal over 0.030 F 90 C 0.035

A Standard designations defined in Classification B 601.
B Rockwell hardness values shall apply only to tubes having a wall thickness of 0.015 in. or over and to round tubes having an inside diameter of 5⁄16 in. or over and

to rectangular including square tubes having an inside major distance between parallel surfaces of 3⁄16 in. or over. For all other tube no Rockwell hardness values shall
apply. Rockwell hardness tests shall be made on the inside surface of the tube. When suitable equipment is not available for determining the specified Rockwell hardness,
other Rockwell scales and values shall be specified subject to agreement between the manufacturer and the purchaser.

C Although no minimum grain size is specified, the product must nevertheless have a fully recrystallized grain structure.

B 135 – 02

4



12.3 Tolerances for Diameter or Distance Between Parallel
Surfaces—See 5.3, Tables 2 and 7.

12.4 Length Tolerances—See 5.5, Tables 3 and 4.
12.5 Roundness—See 5.4.
12.6 Squareness of Cut—See 5.6
12.7 Straightness Tolerances—For round tubes see 5.7.1,

Table 5. For rectangular including square tubes see 5.7.2.
12.8 Corner Radius for Rectangular Including Square

Tubes—See 5.8, Table 8.
12.9 Twist Tolerances for Rectangular and Square Tubes—

See 5.9.

13. Sampling for Visual and Dimensional Examination

13.1 Minimum sampling for visual and dimensional exami-
nation shall be as follows when specified by the purchaser in
the inquiry, contract or order, for agencies of the U.S. Govern-
ment:
Lot Size (Pieces Per Lot) Sample Size

2 to 8 Entire lot
9 to 90 8
91 to 150 12
151 to 280 19
281 to 500 21
501 to 1200 27
1201 to 3200 35
3201 to 10 000 38
10 001 to 35 000 46

13.2 In all cases, the acceptance number is zero and the
rejection number is one. Screening and resubmittal of samples
from rejected lots for visual and dimensional examination is
acceptable. All defective items shall be replaced with accept-
able items before lot acceptance.

14. Workmanship, Finish, and Appearance

14.1 Annealed tube shall be either bright annealed or acid
cleaned after final annealing operations.

15. Keywords

15.1 brass tube; seamless brass tube; seamless tube

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U. S. Government. Supplementary requirement S5 shall
apply only when specified.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:6

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standard:6

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:6

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer shall use his own or any other suitable facilities
for the performance of the inspection and test requirements

unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade or class and shall be preserved and
packaged, Level A or C, packed, Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

6 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5098, Attn: NPODS.
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S5. Tubes for Voice and Pneumatic Service

S5.1 Tubes ordered to this supplement for voice and pneu-
matic service shall have dimensions, tolerances, and tempers as
specified in Table S5.1. For these tubes, the mercurous nitrate
test shall be required and nondestructive testing shall not be
required. Copper plus sum of all named elements shall be
98.85 %.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 135 – 00)
that may impact the use of this standard.

(1) Sections 3.1.1 and 13.2 were modified to replace nonman-
datory language with mandatory language.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE S5.1 Tubes for Voice and Pneumatic Service

Size
Outside
Diame-
ter, in.

Inside
Diame-
ter, in.

Average
Diameter

Tolerance, in.

Wall
Thickness,

in.
Temper

A 2.000 ... + 0.000
−0.004

0.049 H–80

B 2.000 ... + 0.000
−0.004

0.109 H–58

C ... 2.000 + 0.004
−0.000

0.049 H–80

D 2.250 ... + 0.000
−0.004

0.065 H–80

E ... 2.250 + 0.004
−0.000

0.049 H–80

F 3.000 ... + 0.000
−0.004

0.049 H–80

G 3.000 ... + 0.000
−0.004

0.109 H–58

H ... 3.000 + 0.004
−0.000

0.049 H–80
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Designation: B 138/B 138M – 01

Standard Specification for
Manganese Bronze Rod, Bar, and Shapes 1

This standard is issued under the fixed designation B 138/B 138M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for man-
ganese bronze rod, bar and shapes produced in Copper Alloy
UNS No. C67000, C67500, or C67600.

1.2 The values stated in inch-pound units or SI units are to
be regarded separately in the standard. Within the text, the SI
values are given in brackets. The values stated in each system
of units are not exact equivalents; each system is independent
of the other. Combining values from the two systems may
result in nonconformance with the specification.

1.3 The following safety hazard caveat pertains only to the
Performance Requirements section of this specification.This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

1.4 Warning—Mercury is a definite health hazard in use
and disposal.

NOTE 1—Product suitable for hot forging applications is available
under Specification B 124/B 124M.

2. Referenced Documents

2.1 ASTM Standards:
B 124/B 124M Specification for Copper and Copper-Alloy

Forging Rod, Bar, and Shapes2

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys2

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes and
Forgings2

B 858 Test Method for Determination of Susceptability to
Stress Corrosion Cracking in Copper Alloys Using an
Ammonia Vapor Test2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials (Metric)3

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes4

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric)4

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

3. General Requirements

3.1 The following sections of Specification B 249/B 249M
constitute a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Workmanship, Finish and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Test Report,
3.1.13 Packaging and Package Marking, and
3.1.14 Supplementary Requirements.
3.2 In addition, when a section with a title identical to one

of those referenced in 3.1 appears in this specification, it
contains additional requirements which supplement those ap-
pearing in Specification B 249/B 249M.

4. Ordering Information

4.1 Include the following when ordering:
4.1.1 ASTM designation and year of issue,
4.1.2 Copper Alloy UNS No. designation (for example,

C67000),
4.1.3 Temper,
4.1.4 Form of product (for example, round, hexagonal),
4.1.5 Dimensions (for example, diameter, distance between

parallel surfaces),

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved April 10, 2001. Published August 2001. Originally
published as B 138 – 41 T. Last previous edition B 138 – 96.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.

4 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.6 Tolerances for shapes,
4.1.7 Edge contours,
4.1.8 Length,
4.1.9 Quantity (total weight, footage or number of pieces),
4.1.10 When product is purchased for agencies of the U.S.

Government.
4.2 The following options are available under this specifi-

cation and shall be included in the contract or purchase order
when required:

4.2.1 Heat identification or traceability details (Specifica-
tion B 249/B 249M),

4.2.2 Piston finish,
4.2.3 Residual stress test,
4.2.4 Certification (Specification B 249/B 249M), and
4.2.5 Mill Test Report (Specification B 249/B 249M).

5. Material and Manufacture

5.1 Material:
5.1.1 The material of manufacture shall be cast billets of

Copper Alloy UNS No. C67000, C67500, or C67600 as
specified in the ordering information, and shall be of such
soundness as to be suitable for hot extrusion.

5.2 Manufacture:
5.2.1 The product shall be manufactured by hot working

(extrusion, forging, or rolling) and finished by such cold
working, annealing, and straightening as may be necessary to
achieve the required properties.

6. Chemical Composition

6.1 The material shall conform to the composition require-
ments specified in Table 1 for the Copper Alloy UNS No.
named in the ordering information.

6.1.1 These compositional limits do not preclude the pres-
ence of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

6.2 For copper alloys in which zinc is specified as the
remainder, either copper or zinc is permitted to be taken as the
difference between the sum of results for all elements analyzed
and 100 %. When copper is so determined, that difference
value shall conform to the requirements given in Table 1.

6.2.1 When all elements specified in Table 1 for the Copper
Alloy UNS No. named in the ordering information are deter-
mined, the sum of results shall be 99.5 % min.

7. Temper

7.1 The standard tempers for products under this specifica-
tion are identified in Tables 2 and 3.

8. Mechanical Property Requirements

8.1 Tensile Requirements:
8.1.1 The product furnished under this specification shall

conform to the tensile requirements prescribed in Table 2 or
Table 3 when tested in accordance with Test Methods E 8 or
E 8M.

9. Performance Requirements

9.1 Residual Stress Test:
9.1.1 When specified in the contract or purchase order, the

product shall pass a test for residual stress according to the
requirements of Test Method B 154 or Test Method B 858.
(Warning—Mercury is a definite health hazard; therefore,
equipment for the detection and removal of mercury vapor
produced in volatilization is recommended. The use of protec-
tive gloves for this test is recommended.)

9.1.2 Unless otherwise agreed upon between the manufac-
turer, or supplier, and the purchaser, the manufacturer shall
have the option of using either the mercurous nitrate test or the
ammonia vapor test. When the ammonia vapor test is used, the
test pH value appropriate for the intended application shall be
10 unless otherwise specified by the purchaser.

9.2 Piston Finish:
9.2.1 When specified in the contract or purchase order,

round rod over 0.500 in. [13 mm] in diameter shall be
furnished piston finish.

10. Purchases for U.S. Government

10.1 Product purchased for agencies of the U.S. Govern-
ment shall conform to the additional requirements prescribed in
the Supplementary Requirements section of Specification
B 249/B 249M.

11. Dimensions and Permissible Variations

11.1 The dimensions and tolerances for product described
by this specification shall be as specified in Specification
B 249/B 249M with particular reference to the following tables
and related paragraphs in that specification:

11.2 Diameter or Distance Between Parallel Surfaces:
11.2.1 Rod: Round, Hexagonal, Octagonal, in H02 or H04

tempers—Refer to Table 2.
11.2.2 Rod, M30 Temper, in Alloy C67000—Refer to Table

5.
11.2.3 Rod, M20 Temper—Refer to Table 6.
11.2.4 Rod, Piston Finish—Refer to Table 3.
11.2.5 Bar, Rectangular and Square, in tempers H02 and

H04—Refer to Tables 9 and Tables 11.
11.2.6 Rod and Bar in M10 Temper—Refer to Table 12.

NOTE 2—M10 hot-forged rod and bar are generally produced in sizes
over 31⁄2 in. [88 mm] in diameter and should not be confused with M30
extruded or M20 rolled rod and bar.

11.2.7 Bar, Rectangular and Square in M30 Temper—Refer
to Table 4 for thickness and width for Alloy C67500 and Alloy
C67600, and to Table 5 for Alloy C67000.

11.3 Shapes—The dimensional tolerances for shapes shall
be agreed upon between the manufacturer and the purchaser.

11.4 Lengths:

TABLE 1 Chemical Requirements

Element, % Copper Alloy UNS No.

C67000 C67500 C67600

CopperA 63.0–68.0 57.0–60.0 57.0–60.0
Tin 0.50 max 0.50–1.5 0.50–1.5
Lead 0.20 max 0.20 max 0.50–1.0
Zinc remainder remainder remainder
Iron 2.0–4.0 0.8–2.0 0.40–1.3
Aluminum 3.0–6.0 0.25 max . . .
Manganese 2.5–5.0 0.05–0.50 0.05–0.50
A Includes silver.
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11.4.1 Rod, Bar, and Shapes—Refer to Table 13 for toler-
ances.

11.4.2 Schedule of Lengths—Refer to Table 14 for specific
and stock with ends for Alloy C67500 and Alloy C67600 and
to Table 15 for Alloy C67000.

11.5 Straightness:

11.5.1 Rod and Bar in H02 or H04 Tempers—Refer to Table
16.

11.5.2 Shafting Rod—Refer to Table 17.

TABLE 2 Tensile Requirements, in./lb

Form
Temper

Diameter or Distance
Between Parallel

Surface,A in.

Tensile Strength,
min, ksi

Yield Strength at 0.5 %
Extension Under Load,

min, ksi

Elongation
min, %B

Standard Name

Copper Alloy UNS No. C67000

Rod and bar C

C

C

soft
half-hard
hard

all sizes
all sizes
all sizes

85
105
115

45
60
68

10
7
5

Copper Alloy UNS Nos. C67500 and C67600

Rod O60 soft anneal all sizes 55 22 20
H02 half-hard 1 and under 72 36 13

over 1 to 21⁄2 incl 70 35 15
over 21⁄2 65 32 17

H04 hard 1 and under 80 56 8
over 1 to 11⁄2 incl 76 52 10
over 11⁄2 to 21⁄2 incl 73 48 12
over 21⁄2 68 45 16

Bar O60 soft anneal all sizes 55 22 20
H02 half-hard 1 and under 72 36 13

over 1 to 21⁄2 incl 70 35 15
over 21⁄2 65 32 17

H04 hard 1 and under 76 52 8
over 1 to 21⁄2 incl 72 47 12
over 21⁄2 68 45 16

ShapesD O60 soft anneal all sizes 55 22 20
A For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
B Elongation in 43 diameter or thickness of specimen. In any case, a minimum gage length of 1 in. shall be used.
C See Note 2. The tensile properties of hot-forged (M10), as-hot-rolled (M20), and as-hot-extruded (M30) are essentially the same as those shown for rod and bar, but

have not been finalized for publication.
D Tensile requirements for drawn shapes shall be as agreed upon between the manufacturer and the purchaser at the time of the order.

TABLE 3 Tensile Requirements, SI

Form
Temper

Diameter or Distance
Between Parallel

Surface,A mm

Tensile Strength,
min, [MPa]

Yield Strength at 0.5 %
Extension Under Load,

min, MPa

Elongation
min, %B

Standard Name

Copper Alloy UNS No. C67000

Rod and bar C

C

C

soft
half-hard
hard

all sizes
all sizes
all sizes

585
720
790

310
415
470

10
7
5

Copper Alloy UNS Nos. C67500 and C67600

Rod O60 soft anneal all sizes 380 150 20
H02 half-hard 25 and under 500 250 13

over 25 to 65 incl 450 240 15
over 65 450 220 17

H04 hard 25 and under 550 385 8
over 25 to 38 incl 525 360 10
over 38 to 65 incl 510 330 12
over 65 470 310 16

Bar O60 soft anneal all sizes 380 150 20
H02 half-hard 25 and under 500 250 13

over 25 to 65 incl 450 240 15
over 65 450 220 17

H04 hard 25 and under 525 360 8
over 25 to 65 incl 500 325 12
over 65 470 310 16

ShapesD O60 soft anneal all sizes 380 150 20
A For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
B Elongation in 43 diameter or thickness of specimen. In any case, a minimum gage length of 25 mm shall be used.
C See Note 2. The tensile properties of hot-forged (M10), as-hot-rolled (M20), and as-hot-extruded (M30) are essentially the same as those shown for rod and bar, but

have not been finalized for publication.
D Tensile requirements for drawn shapes shall be as agreed upon between the manufacturer and the purchaser at the time of the order.
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11.5.3 Rod, Bar and Shapes in M20, M30 or M10—
Tempers shall have straightness requirements as agreed upon
between the manufacturer and the purchaser.

11.6 Edge Contours:
11.6.1 For a description of edge contours, refer to the

section entitled, “Edge Contours” and Figs. 1, 2, and 3 in
Specification B 249/B 249M.

12. Test Methods

12.1 Chemical Analysis:
12.1.1 Chemical composition, in case of disagreement, shall

be determined by the following test methods:
Element Test Methods

Aluminum E 54
Copper E 478
Iron E 478
Lead E 478 (atomic absorption)
Manganese E 62
Tin E 478 (titrimetric)
Zinc E 478 (titrimetric)

12.1.2 Test method(s) to be followed for the determination
of element(s) resulting from contractual or purchase order
agreement shall be as agreed upon between the supplier and the
purchaser.

13. Keywords

13.1 C67000; C67500; C67600; manganese bronze bar;
manganese bronze rod; manganese bronze shape

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (1996) that
may impact the use of this standard.

(1) Scope—Section revised to state purpose more clearly.
(2) All sections—editorially changed to clarify intent.
(3) The Ordering Information section revised to identify
purchaser options.

(4) The addition of Alloy UNS No. C67600.

(5) The addition of Test Method B 858 as an optional test for
residual stress.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 139/B 139M – 01

Standard Specification for
Phosphor Bronze Rod, Bar, and Shapes 1

This standard is issued under the fixed designation B 139/B 139M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes the requirements for phos-
phor bronze rod, bar, and shapes.

1.2 Units—The values stated in inch-pound units or SI units
are to be regarded separately in the standard. Within the text,
the SI values are given in brackets. The values stated in each
system are not exact equivalents; each system of units is
independent of the other. Combining values from the two
systems may result in nonconformance with the specification.

2. Referenced Documents

2.1 ASTM Standards:
B 249/B 249M Specification for General Requirements for

Wrought Copper and Copper-Alloy Rod, Bar, Shapes, and
Forgings2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials (Metric)3

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)4

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

3. General Requirements

3.1 The following sections of Specification B 249/B 249M
constitute a part of this specification.

3.1.1 Terminology.
3.1.2 Materials and Manufacture.
3.1.3 Workmanship, Finish and Appearance.
3.1.4 Sampling.
3.1.5 Number of Tests and Retests.
3.1.6 Specimen Preparation.
3.1.7 Test Methods.

3.1.8 Significance of Numerical Limits.
3.1.9 Inspection.
3.1.10 Rejection and Rehearing.
3.1.11 Certification.
3.1.12 Mill Test Report.
3.1.13 Packaging and Package Marking.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 above appears in this specification, it contains
additional information which supplements that appearing in
Specification B 249/B 249M. In case of conflict, this specifi-
cation shall prevail.

4. Ordering Information

4.1 Include the following when ordering:
4.1.1 ASTM designation and year of issue,
4.1.2 Copper Alloy UNS No. designation (for example,

C51000),
4.1.3 Product temper (for example, H04),
4.1.4 Form of product (rod, bar or shape),
4.1.5 Dimensions and permissible variations,
4.1.6 Edge Contours,
4.1.7 Quantity: total weight each copper alloy, temper, form,

and size, and
4.1.8 When product is purchased for an agency of the U.S.

government.
4.2 The following options are available under this specifi-

cation and shall be included in the contract or purchase order
when required.

4.2.1 Piston finish for rod and shafting,
4.2.2 Certification (Specification B 249/B 249M), and
4.2.3 Mill test report (Specification B 249/B 249M).

5. Material and Manufacture

5.1 Material:
5.1.1 The material of manufacture shall be cast rod, bar, or

billets of Copper Alloy UNS No. C51000, C52100, C52400,
C53400, or C54400 as specified in the ordering information
and of such soundness as to be suitable for processing in to the
products prescribed herein.

NOTE 1—Copper Alloy UNS Nos. C51000, C52100, and C52400 are
suitable for structural applications, pump parts, rods, bolts, gears, and
similar applications.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rods,
Bars, Wires, Shapes, and Forgings.

Current edition approved April 10, 2001. Published August 2001. Originally
published as B 139 – 41T. Last previous edition B 139 – 95.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.
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NOTE 2—Copper Alloys UNS Nos. C53400 and C54400 are free
machining and are suitable for screw-machine products.

5.2 Manufacture:
5.2.1 The product shall be manufactured by such hot-

working, cold-working, and annealing processes as to produce
a uniform wrought structure in the finished product.

5.2.2 The product shall be hot or cold worked to the finished
size and subsequently annealed, when required, to meet the
temper properties specified.

6. Chemical Composition

6.1 The material shall conform to the composition require-
ments specified in Table 1 for the Copper Alloy UNS No.
designation named in the ordering information.

6.1.1 These composition limits do not preclude the presence
of other elements. When required, limits shall be established
and analysis required for unnamed elements by agreement
between the manufacturer and the purchaser.

6.2 Copper may be taken as the difference between the sum
of all elements analyzed and 100 %.

6.3 When all elements specified in Table 1 for the Copper
Alloy UNS No. named in the ordering information are deter-
mined, the sum of results shall be 99.5 % min.

7. Temper

7.1 Rod and Bar:
7.1.1 The standard tempers for rod and bar produced under

this specification are identified in Table 2 or Table 3.
7.2 Shapes:
7.2.1 The temper for shapes is subject to agreement between

the manufacturer and the purchaser and the agreement shall be
a part of the contract or purchase order.

8. Mechanical Property Requirements

8.1 Tensile Requirements:
8.1.1 Rod and Bar:
8.1.1.1 Rod and bar furnished under this specification shall

conform to the tensile requirements prescribed in Table 2 or
Table 3 for the specified Copper Alloy UNS No. designation,
temper, cross-section, and size when tested in accordance with
Test Methods E 8 or E 8M.

8.1.2 Shapes:
8.1.2.1 The tensile requirements for shapes shall be subject

to agreement between the manufacturer and the purchaser and
the agreement shall be a part of the contract or purchase order.

9. Piston-Finish

9.1 When specified in the contract or purchase order, round
rod over1⁄2-in. [12-mm] diameter shall be furnished as piston-
finished rod or shafting.

10. Purchases for U.S. Government

10.1 When specified in the contract or purchase order,
product purchased for agencies of the U.S. government shall
conform to the additional requirements prescribed in the
Supplementary Requirements section of Specification B 249/
B 249M.

11. Dimensions, Mass, and Permissible Variations

11.1 The dimensions and tolerances for product described
by this specification shall be as specified in Specification
B 249/B 249M with particular reference to the following tables
and related paragraphs in that specification:

11.1.1 Diameter or Distance Between Parallel Surfaces:
11.1.1.1Rod: Round, Hexagonal, Octagonal—Table 2.
11.1.1.2Piston-Finish Rod—Table 3.
11.1.1.3Bar: Rectangular and Square—Tables 9 and 11.
11.1.2 Shapes:
11.1.2.1 The dimensional tolerances for shapes shall be

subject to agreement between the manufacturer and the pur-
chaser and the agreement shall be a part of the contract or
purchase order.

11.1.3 Length:
11.1.3.1Rod, Bar, and Shapes—Tables 13 and 15.
11.1.4 Straightness:
11.1.4.1Rod and Bar—Table 16.
11.1.4.2Shafting Rod—Table 17.
11.1.4.3Piston-Finish Rod—The tolerance is subject to

agreement between the manufacturer and the purchaser and the
agreement shall be a part of the contract or purchase order.

11.1.5 Edge Contours:
11.1.5.1 For a description of edge contours, refer to the

section titled “Edge Contours” and Figs. 1, 2, and 3 in
Specification B 249/B 249M.

12. Test Methods

12.1 Chemical Analysis:
12.1.1 Chemical composition, in case of disagreement, shall

be determined by the following test methods:
Element Test Method

Copper E 478
Iron E 478
Lead E 478 (AA)
Zinc <2 % E 478 (AA)

>2 % E 478 (titrametric)
Tin E 478 (titrametric)
Phosphorus E 62

12.1.2 Test method(s) to be followed for the determination
of element(s) resulting from contractual or purchase order
agreement shall be as agreed upon between the manufacturer or
supplier and the purchaser.

TABLE 1 Chemical Requirements

Element, %
Copper Alloy UNS No.

C51000 C52100 C52400 C53400 C54400

Tin 4.2–5.8 7.0–9.0 9.0–11.0 3.5–5.8 3.5–4.5
Phosphorus 0.03–0.35 0.03–0.35 0.03–0.35 0.03–0.35 0.01–0.50
Iron, max 0.10 0.10 0.10 0.10 0.10
Lead 0.05 max 0.05 max 0.05 max 0.8–1.2 3.5–4.5
Zinc 0.30 max 0.20 max 0.20 max 0.30 max 1.5–4.5
Copper remainder remainder remainder remainder remainder
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13. Keywords
13.1 C51000; C52100; C52400; C53400; C54400; phos-

phor bronze bar; phosphor bronze rod; phosphor bronze shapes

TABLE 2 Tensile Requirements for Rod and Bar, in./lb

Temper Diameter or Distance Between Parallel
Surfaces,A in.

Tensile Strength, ksi Elongation in 43
Diameter or Thickness
of Specimen, min, %BStandard Name min max

Copper Alloy UNS No. C51000

O60 soft anneal rod: round under 1⁄4 40 58 ...
H04 hard rod: round under 1⁄4 80 128 ...

round and hexagonal:
1⁄4 to 1⁄2 , incl 70 ... 13
over 1⁄2 to 1, incl 60 ... 15
over 1 55 ... 18

bar: square and rectangular:
1⁄4 to 3⁄8 , incl 60 ... 10
over 3⁄8 55 ... 15

H08 spring rod: round:
0.026 to 1⁄16 , incl 115 ... ...
over 1⁄16 to 1⁄8 , incl 110 ... ...
over 1⁄8 to 1⁄4 , incl 105 ... 3.5
over 1⁄4 to 3⁄8 , incl 100 ... 5.0
over 3⁄8 to 1⁄2 , incl 90 ... 9.0

Copper Alloy UNS No. C52100

O60 soft anneal rod: round under 1⁄4 53 68 ...
H04 hard rod: round under 1⁄4 105 150 ...

round and hexagonal:
1⁄4 to 1⁄2 , incl 85 ... 12
over 1⁄2 to 1, incl 75 ... 15
over 1 60 ... 20

bar: square and rectangular:
1⁄4 to 3⁄8 , incl 68 ... 10
over 3⁄8 60 ... 15

Copper Alloy UNS No. C52400

O60 soft anneal rod: round under 1⁄4 60 75 ...
H04 hard rod: round under 1⁄4 105 160 ...

round and hexagonal:
1⁄4 to 1⁄2 , incl 95 ... 10
over 1⁄2 to 1, incl 85 ... 12
over 1 70 ... 15

bar: square and rectangular:
1⁄4 to 3⁄8 , incl 76 ... 10
over 3⁄8 70 ... 15

Copper Alloy UNS Nos. C53400 and C54400

H04 hard rod: round and hexagonal:
1⁄16 to 1⁄4 , incl 65 ... 8
over 1⁄4 to 1⁄2 , incl 60 ... 10
over 1⁄2 to 1, incl 55 ... 12
over 1 50 ... 15

bar: square and rectangular:
1⁄4 to 3⁄8 , incl 55 ... 10
over 3⁄8 50 ... 15

AFor rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
BIn any case, a minimum gage length of 1 in. shall be used.
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TABLE 3 Tensile Requirements for Rod and Bar, SI

Temper
Diameter or Distance Between Parallel

Surfaces,A mm

Tensile Strength, MPa Elongation in 43
Diameter or
Thickness

of Specimen, min, %BStandard Name min max

Copper Alloy UNS No. C51000

O60 soft anneal rod: round under 6 275 400 ...
H04 hard rod: round under under 6 550 880 ...

round and hexagonal:
6 to 12 incl 485 ... 13
12 to 25 incl 415 ... 15
over 25 380 ... 18

bar: square and rectangular:
6 to 9 incl 415 ... 10
over 9 380 ... 15

H08 spring rod: round:
0.065 to 1.6 incl 790 ... ...
over 1.6 to 3 incl 760 ... ...
over 3 to 6 incl 725 ... 3.5
over 6 to 9 incl 690 ... 5.0
over 9 to 12 incl 620 ... 9.0

Copper Alloy UNS No. C52100

O60 soft anneal rod: round under 6 365 470 ...
H04 hard rod: round under 6 720 1030 ...

round and hexagonal:
6 to 12 incl 585 ... 12
over 12 to 25 incl 515 ... 15
over 25 415 ... 20

bar: square and rectangular:
6 to 9 incl 470 ... 10
over 9 415 ... 15

Copper Alloy UNS No. C52400

O60 soft anneal rod: round under 6 415 515 ...
H04 hard rod: round under 6 725 1100 ...

round and hexagonal:
6 to 12 incl 655 ... 10
over 12 to 25 incl 585 ... 12
over 25 480 ... 15

bar: square and rectangular:
6 to 9 incl 525 ... 10
over 9 480 ... 15

Copper Alloy UNS Nos. C53400 and C54400

H04 hard rod: round and hexagonal:
1.6 to 6 incl 450 ... 8
over 6 to 12 incl 415 ... 10
over 12 to 25 incl 380 ... 12
over 25 345 ... 15

bar: square and rectangular:
6 to 9 incl 380 ... 10
over 9 345 ... 15

A For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
B In any case, a minimum gage length of 25mm shall be used.
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (1995) that
may impact the use of this standard.

(1) Added Manufacture section. (2) All sections editorially changed to clarify intent.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 140/B 140M – 01

Standard Specification for
Copper-Zinc-Lead (Red Brass or Hardware Bronze) Rod,
Bar, and Shapes 1

This standard is issued under the fixed designation B 140/B 140M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for
copper-zinc-lead (leaded red brass or hardware bronze) rod,
bar, and shapes of UNS Alloy Nos. C31400, C31600, and
C32000 available for screw machine applications.

1.2 The values stated in inch-pound units or SI units are to
be regarded separately as standard. Within the text, SI units are
shown in brackets. The values in each system are not exact
equivalents; therefore, each system shall be used independently
of the other. Combining values from the two systems may
result in nonconformance with the specification.

2. Referenced Documents

2.1 ASTM Standards:
B 249/B 249M Specification for General Requirements for

Wrought Copper and Copper-Alloy Rod, Bar, Shapes and
Forgings2

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]3

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)4

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

3. Terminology

3.1 For the definitions of general terms related to copper and
copper alloys, refer to Terminology Standard B 846.

4. Ordering Information

4.1 Contracts or purchase orders for product to this speci-

fication should include the following information:
4.1.1 ASTM designation and year of issue,
4.1.2 Copper Alloy UNS No. designation (Section 1),
4.1.3 Temper designation (Section 7),
4.1.4 Quantity; total weight or length, or number of pieces

of each temper, form, or alloy.
4.1.5 Dimensions—diameter, distance between parallel

faces,
4.1.6 How furnished; specific lengths with or without ends,

and
4.1.7 When product is purchased for agencies of the U.S.

government. (B 249/B 249M).
4.2 The following options are available to this specification

and should be specified in the contract or purchase order when
required:

4.2.1 Heat identification or traceability details,
4.2.2 Certification (Specification B 249/B 249M), and
4.2.3 Mill Test Reports (Specification B 249/B 249M).

5. Material and Manufacture

5.1 Material:
5.1.1 The starting material shall be cast billets, logs, or rods

of Copper Alloy UNS Nos. C31400, C31600, or C32000 and
shall be of such soundness and structure as to enable them to
process into the desired product.

5.2 Manufacture:
5.2.1 The product shall be manufactured by such hot work-

ing, cold working, straightening, and annealing processing
needed to produce a uniform wrought structure and obtain the
properties specified in the purchase order or contract.

6. Chemical Composition

6.1 The material composition shall conform to the require-
ments of Table 1 for the Copper Alloy UNS No. specified in the
ordering information.

6.1.1 These compositional limits do not preclude the pres-
ence of other elements. When required, limits may be estab-
lished and analysis required for unnamed elements by agree-
ment between the supplier and the purchaser.

6.2 For copper alloys in which zinc is specified as the
remainder, either copper or zinc may be taken as the difference
between the sum of all elements analyzed and 100 %. When

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved Oct. 10, 2001. Published December 2001. Originally
published as B 140 – 41T. Last previous edition B 140 – 97e2.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.05.

1

*A Summary of Changes section appears at the end of this standard.
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copper is so determined, that difference value shall conform to
the requirements given in Table 1.

6.3 When all elements listed in Table 1 for the Copper Alloy
UNS No. prescribed in the ordering information are deter-
mined, the sum of results shall be 99.6 % minimum.

7. Temper

7.1 Tempers, as defined in Classification B 601, available to
this specification are O60 (soft anneal), H02 (half-hard), and
H04 (hard).

8. Mechanical Property Requirements

8.1 Tensile Requirements:
8.1.1 Product available to this specification shall conform to

the requirements specified in Table 2 (customary units) or
Table 3 (SI units) for the Copper Alloy UNS No. specified in
the ordering information when tested in accordance with Test
Methods E 8 or E 8M.

9. Dimensions, Mass and Permissible Variations

9.1 Refer to the appropriate paragraphs in Specifications
B 249/B 249M with particular reference to the following
tables:

9.2 Diameter or Distance Between Parallel Surfaces:
9.2.1 Rod—Refer to Table 1 for round, hexagonal and

octagonal rod.
9.2.2 Bar—Refer to Table 8 for thickness and Table 10 for

width.
9.3 Lengths—Refer to Tables 13 and 14.

9.4 Straightness—Refer to Table 16.
9.5 Shapes—The dimensional tolerances for shapes shall be

agreed upon between the manufacturer or supplier and the
purchaser and shall be specified in the order or purchase
contract.

10. Test Methods

10.1 Chemical Analysis:
10.1.1 The material composition shall, in case of dispute, be

determined as follows:
Element ASTM Test Method

Copper E 478
Lead E 478, atomic absorption
Iron E 478
Nickel E 478, photometric
Phosphorus E 62
Zinc E 478, titrimetric

11. General Requirements

11.1 The following sections of Specifications B 249/
B 249M constitute a part of this specification:

11.1.1 Terminology,
11.1.2 Materials and Manufacture,
11.1.3 Workmanship, Finish and Appearance,
11.1.4 Sampling,
11.1.5 Number of Tests and Retests,
11.1.6 Specimen Preparation,
11.1.7 Test Methods,
11.1.8 Significance of Numerical Limits,
11.1.9 Inspection,
11.1.10 Rejection and Rehearing,
11.1.11 Certification,
11.1.12 Test Reports (Mill),
11.1.13 Packaging and Package Marking, and
11.1.14 Supplemental Requirements.
11.2 In addition, when a section with a title identical to one

of those referenced in 11.1 appears in this specification, it
contains additional requirements that supplement those which
appear in Specification B 249/B 249M.

TABLE 1 Chemical Requirements

Element

Composition, %

Copper Alloy UNS No.

C31400 C31600 C32000

Copper 87.5 to 90.5 87.5 to 90.5 83.5 to 86.5
Lead 1.3 to 2.5 1.3 to 2.5 1.5 to 2.2
Iron, max 0.10 0.10 0.10
Nickel 0.7 max 0.7 to 1.2 0.25 max
Zinc remainder remainder remainder
Phosphorus ... 0.04 to 0.10 ...

TABLE 2 Tensile Requirements

Copper Alloy
UNS No.

Temper Designation
Diameter or Distance Between

Parallel Surfaces, in.
Width, in.

Tensile
Strength,
min, ksi

Yield Strength
at 0.5 %

Extension
Under Load,

min, ksi

Elongation in
4 3 Diameter

or Thickness of
Specimen
min, %ACode Name

C31400, C31600,
C32000

O60 soft anneal all forms all sizes ... 35 10 25

C31400, C31600,
C32000

HO2 half hard rod: 1⁄2 and under ... 50 30 7

over 1⁄2 to 1 ... 45 27 10
over 1 ... 40 25 12

bar: 1 and under 2 and under 40 25 12
over 1 over 2 40B 25B 12B

C31400 H04 hard rod 2 and under ... 53 40 6

C31600, C32000 H04 hard rod 2 and under ... 60 50 6
bar 1 and under 2 and under 60 50 6

AIn any case, a minimum gage length of 1 in. shall be used.
BIn the case of bars either over 1 in. in thickness or over 2 in. in width, or both, these values shall apply.

B 140/B 140M
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12. Keywords

12.1 C31400; C31600; C32000; hardware bronze; hardware
bronze rod; hardware bronze shapes; leaded brass shapes;
leaded red brass bar; leaded red brass rod

SUMMARY OF CHANGES

This section identifies the principle changes to this specification that have been incorporated since the 1997e2
issue as follows:

(1) Table 2 was revised. (2) Table 3 was revised.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 3 Tensile Requirements

Copper Alloy
UNS No.

Temper Designation
Diameter or Distance Between

Parallel Surfaces, mm
Width, mm

Tensile
Strength,
min MPa

Yield Strength
at 0.5 %

Extension
Under Load,

min, MPa

ElongationA

min, %
Code Name

C31400, C 31600,
C32000

O60 Soft anneal all forms all sizes ... 240 70 25

C31400, C31600,
C32000

HO2 half hard rod: 12 and under ... 345 205 7

over 12 to 25 ... 310 185 10
over 25 ... 275 170 12

bar: 25 and under 50 and under 275 170 12
over 25 over 50 275B 170B 12B

C31400 H04 hard rod 50 and under ... 365 275 6

C31600, C32000 H04 hard rod 50 and under ... 415 345 6
bar 25 and under 50 and under 415 345 6

AElongation values are based on a gage length of 5.65 times the square root of the area for dimensions greater than 2.5 mm.
BIn the case of bars either over 25 mm in thickness or over 50 mm in width, or both, these values shall apply.
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Designation: B 148 – 97 (Reapproved 2003)

Standard Specification for
Aluminum-Bronze Sand Castings 1

This standard is issued under the fixed designation B 148; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes requirements for sand
castings produced from copper-base alloys having the alloy
numbers,2 commercial designations, and nominal compositions
shown in Table 1.

1.2 The values stated in inch-pound units shall be regarded
as the standard. Metric values given in parentheses are for
information only.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 208 Practice for Preparing Tension Test Specimens for

Copper Alloys for Sand, Permanent Mold, Centrifugal, and
Continuous Castings3

B 824 Specification for General Requirements for Copper
Alloy Castings3

E 10 Test Method for Brinell Hardness of Metallic Materi-
als4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 527 Practice for Numbering Metals and Alloys (UNS)5

3. General Requirements

3.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 824.

4. Ordering Information

4.1 Orders for castings under this specification shall include
the following information:

4.1.1 Quality of castings required,
4.1.2 Copper alloy number (Table 1) and temper (as-cast,

heat treated, and so forth),
4.1.3 Specification title, number, and year of issue,
4.1.4 Pattern or drawing number and condition (cast, ma-

chined, and so forth),
4.1.5 Analysis of residual elements, if specified in the

purchase order (Specification B 824),
4.1.6 Pressure test requirements, if specified in the purchase

order (Specification B 824),
4.1.7 Soundness requirements, if specified in the purchase

order (Specification B 824),
4.1.8 Certification, if specified in the purchase order (Speci-

fication B 824),
4.1.9 Test report, if specified in the purchase order (Speci-

fication B 824),
4.1.10 Witness inspection, if specified in the purchase order

(Specification B 824),
4.1.11 Approval of weld procedure and records of repairs, if

specified in the purchase order (Section 8),
4.1.12 ASME Boiler and Pressure Vessel Code6 application

(9.2 and Section 11),
4.1.13 Castings for seawater service (5.3), and
4.1.14 Product marking, if specified in the purchase order

(Specification B 824).
4.2 When material is purchased for agencies of the U.S.

Government, the Supplementary Requirements of this specifi-
cation may be specified.

5. Materials and Manufacture

5.1 For better corrosion resistance in seawater applications,
castings in Copper Alloy UNS No. C95800 shall be given a
temper anneal heat treatment at 12506 50°F (6756 10°C) for
6 h minimum. Cooling shall be by the fastest means possible
that will not cause excessive distortion or cracking. Propeller
castings shall be exempt from this requirement.

5.2 Copper Alloy UNS Nos. C95300, C95400, C95410, and
C95500 may be supplied in the heat-treated condition to obtain
the higher mechanical properties shown in Table 3. Suggested

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.05 on
Castings and Ingots for Remelting.

Current edition approved Apr. 10, 2003. Published June 2003. Originally
approved in 1941. Last previous edition approved in 1997 as B 148 – 97e1.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 01.01.

6 Available from the American Society of Mechanical Engineers, Three Park
Ave., New York, NY 10016-5990.

1

*A Summary of Changes section appears at the end of this standard.
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heat treatments for these alloys and Copper Alloy UNS No.
C95520 are given in Table 4. Actual practice may vary by
manufacturer.

5.3 Copper Alloy UNS No. C95520 is used in the heat-
treated condition only.

5.4 Copper Alloy UNS No. C95900 is normally supplied
annealed between 1100°F (595°C) and 1300°F (705°C) fol-
lowed by air cooling.

5.5 Copper Alloy UNS No. C95820 is supplied in the
as-cast condition.

5.6 Separately cast test bar coupons representing castings
made in Copper Alloy UNS Nos. C95300HT, C95400HT,
C95410HT, C95500HT, C95520HT, C95800 temper annealed,
and C95900 annealed shall be heat treated with the castings.

6. Chemical Composition

6.1 The castings shall conform to the chemical requirements
shown in Table 2.

6.2 These specification limits do not preclude the presence
of other elements. Limits may be established by agreement
between manufacturer or supplier and purchaser for these
unnamed elements. Copper may be given as remainder and
may be taken as the difference between the sum of all elements
analyzed and 100 %. When all the elements in the table are
analyzed, their sum shall be as specified in the following table:

Copper Alloy UNS Number
Copper Plus Named Elements,

min, %

C95200 99.0
C95300 99.0
C95400 99.5
C95410 99.5
C95500 99.5
C95520 99.5
C95600 99.0
C95700 99.5
C95800 99.5
C95820 99.2
C95900 99.5

7. Mechanical Properties

7.1 Mechanical properties shall be determined from sepa-
rately cast test bar castings and shall meet the requirements
shown in Table 3.

8. Casting Repair

8.1 Alloys included in this specification are generally weld-
able. Weld repairs may be made at the manufacturer’s discre-
tion provided each excavation does not exceed 20 % of the
casting section or wall thickness or 4 % of the casting surface
area.

8.2 Excavations that exceed those described in 8.1 may be
made at the manufacturer’s discretion except that when re-
quired (4.1.11) the weld procedure shall be approved by the
purchaser and the following records shall be maintained:

TABLE 1 Nominal Compositions

Copper Alloy
UNS No.

Old Desig-
nation

Commercial
Designation

Nominal Composition, %

Copper Nickel Iron Aluminum Silicon Manganese

C95200 9A Grade A 88.0 . . . 3.0 9.0 . . . . . .
C95300A 9B Grade B 89.0 . . . 1.0 10.0 . . . . . .
C95400A 9C Grade C 85.0 . . . 4.0 11.0 . . . . . .
C95410A . . . . . . 84.0 2.0 4.0 10.0 . . . . . .
C95500A 9D Grade D 81.0 4.0 4.0 11.0 . . . . . .
C95520A . . . . . . 78.5 5.5 5.0 11.0 . . . . . .
C95600 9E Grade E 91.0 . . . . . . 7.0 2.0 . . .
C95700 9F Grade F 75.0 2.0 3.0 8.0 . . . 12.0
C95800 . . . . . . 81.3 4.5 4.0 9.0 . . . 1.2
C95820 . . . . . . 79.0 5.2 4.5 9.5 . . . 1.0
C95900 . . . . . . 87.5 . . . 4.5 13.0 . . . . . .

A These grades respond to heat treatment.

TABLE 2 Chemical Requirements

Classification Aluminum Bronze Nickel Aluminum Bronze
Silicon

Aluminum
Bronze

Manganese-
Nickel

Aluminum
Bronze

Nickel
Aluminum

Bronze

Aluminum
Bronze

Copper Alloy
UNS No.

C95200 C95300 C95400 C95410 C95500 C95520A C95600 C95700 C95800 C95820B C95900

Composition, %

Copper 86.0 min 86.0 min 83.0 min 83.0 min 78.0 min 74.5 min 88.0 min 71.0 min 79.0 min 77.5 min remainder
Aluminum 8.5–9.5 9.0–11.0 10.0–11.5 10.0–11.5 10.0–11.5 10.5–11.5 6.0–8.0 7.0–8.5 8.5–9.5 9.0–10.0 12.0–13.5
Iron 2.5–4.0 0.8–1.5 3.0–5.0 3.0–5.0 3.0–5.0 4.0–5.5 . . . 2.0–4.0 3.5–4.5C 4.0–5.0 3.0–5.0
Manganese . . . . . . 0.50 max 0.50 max 3.5 max 1.5 max . . . 11.0–14.0 0.8–1.5 1.5 max 1.5 max
Nickel (incl

cobalt)
. . . . . . 1.5 max 1.5–2.5 3.0–5.5 4.2–6.0 0.25 max 1.5–3.0 4.0–5.0C 4.5–5.8 0.5 max

Silicon . . . . . . . . . . . . . . . 0.15 max 1.8–3.2 0.10 max 0.10 max 0.10 max . . .
Lead . . . . . . . . . . . . . . . 0.03 max . . . 0.03 max 0.03 max 0.02 max . . .
A Chromium shall be 0.05 max, cobalt 0.20 max, tin 0.25 max, and zinc 0.30 max.
B Zinc shall be 0.2 max and tin 0.02 max.
C Iron content shall not exceed the nickel content.

B 148 – 97 (2003)
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8.2.1 A sketch or drawing showing the dimensions, depth,
and location of excavations,

8.2.2 Postweld heat treatment, when applicable,
8.2.3 Weld repair inspection results,
8.2.4 Casting identification number,
8.2.5 Weld procedure identification number,
8.2.6 Welder identification, and
8.2.7 Name of inspector.
8.3 The castings shall not be impregnated without approval

of the purchaser.

9. Sampling

9.1 Test bar castings for the Copper Alloy UNS Nos. in this
specification shall be cast to the form and dimensions shown in
Figs. 1 or 2 in Practice B 208.

9.2 When material is specified to meet the requirements of
the ASME Boiler and Pressure Vessel Code, for small remelts
the lot size shall not exceed 1000 lb (455 kg) of castings and
shall consist of all of the metal from a single master heat
poured from an individual melting unit, or group of melting
units, operating during the course of one-half shift, not to
exceed 5 h.

10. Test Methods

10.1 Brinell readings shall be taken on the grip end of the
tension test bar and shall be made in accordance with Test
Method E 10, with the exception that a 3000-kg load shall be
used.

10.2 Rockwell hardness readings shall be taken on the grip
end of the tension test bar and shall be made in accordance with
Test Methods E 18.

10.3 When specified in the purchase order, additional hard-
ness testing may be performed on castings. The test location
and hardness values shall be agreed upon between the manu-
facturer and the purchaser.

11. Certification

11.1 When castings are specified to meet the requirements
of theASME Boiler and Pressure Vessel Code, the certification
requirements of Specification B 824 are mandatory.

12. Keywords

12.1 aluminum-bronze castings; copper alloy castings;
copper-base alloy castings

TABLE 3 Mechanical Requirements

Classification
Aluminum Bronze Nickel Aluminum Bronze

Silicon Aluminum
Bronze

Manganese-
Nickel

Aluminum
Bronze

Nickel
Aluminum

Bronze

Aluminum
Bronze

As-Cast As-Cast

Copper Alloy UNS No. C95200 C95300
C95400 and

C95410
C95500 C95820 C95600 C95700 C95800A C95900B

Tensile strength, min,
ksiC (MPaD)

65
(450)

65
(450)

75
(515)

90
(620)

94
(650)

60
(415)

90
(620)

85
(585)

. . .

. . .
Yield strength,E min,

ksiC (MPaD)
25
(170)

25
(170)

30
(205)

40
(275)

39F

(270)F
28
(195)

40
(275)

35
(240)

. . .

. . .
Elongation in 2 in.

(50.8 mm), %
20 20 12 6 13 10 20 15 . . .

Brinell hardness No.G

(3000-kg load)
110 110 150 190 . . . . . . . . . . . . . . .

Heat-Treated

Copper Alloy UNS No. C95300
C95400 and

C95410
C95500 C95520H

Tensile strength, min,
ksiC (MPa)D

. . .

. . .
80
(550)

90
(620)

110
(760)

125
(862)

. . .

. . .
. . .
. . .

. . .

. . .
. . .
. . .

Yield strength,E min,
ksiC (MPa)D

. . .

. . .
40
(275)

45
(310)

60
(415)

95F

(655)F
. . .
. . .

. . .

. . .
. . .
. . .

. . .

. . .
Elongation in 2 in.

(50.8 min), %
. . . 12 6 5 2 . . . . . . . . . . . .

Brinell hardness No.G

(300-kg load)
. . . 160 190 200 255I . . . . . . . . . 241 min

A As cast or temper annealed.
B Normally supplied annealed between 1100 and 1300°F for 4 h followed by air cooling.
C ksi = 1000 psi.
D See Appendix X1.
E Yield strength shall be determined as the stress producing an elongation under load of 0.5 %, that is, 0.01 in. (0.254 mm) in a gage length of 2 in. (50.8 mm).
F Yield strength at 0.2 % offset, min, ksiC (MPa)D.
G For information only.
H Copper Alloy UNS No. C95520 is used in the heat-treated condition only.
I Sand castings and sand cast test specimens shall be 25 HRC or equivalent minimum.

TABLE 4 Suggested Heat Treatments

Copper Alloy
UNS No.

Solution Treatment
(Not Less Than 1 h

Followed
by Water Quench)

Annealing Treatment
(Not Less than 2 h

Followed
by Air Cool)

C95300 1585-1635°F
(800-890°C)

1150-1225°F
(620-660°C)

C95400
C95410

1600-1675°F
(870-910°C)

1150-1225°F
(620-660°C)

C95500
C95520

(2 h followed by
water quench)

925-1000°F
(495-540°C)

1600-1700°F
(870-925°C)
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order for agencies of the U.S. government.

S1. Referenced Documents

S1.1 The following documents of the issue effect on date of
material purchase form a part of this specification to the extent
referenced herein:

S1.1.1 Federal Standards:7

Fed. Std. No. 102 Preservation, Packaging, and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
S1.1.2 Military Standards:7

MIL-STD-129 Marking for Shipment and Storage
MIL-STD-248 Welded and Brazing Procedure in Perfor-

mance Qualification
MIL-STD-271 Requirements for Nondestructive Testing

Methods
MIL-STD-278 Welding and Casting Standard
S1.1.3 Military Specification:7

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. First Article Inspection

S2.1 The initial casting shall be radiographically examined
in accordance with MIL-STD-271 at locations specified by the
purchaser. Subsequent to radiography, samples for mechanical
testing shall be removed from the specified locations and
tested. The acceptance criteria for all tests and examinations
shall be as agreed upon between the manufacturer and the
purchaser.

S2.2 Following acceptance of the initial casting by the
purchaser, the manufacturer shall not change his basic foundry
practice without the specific approval of the purchaser. The
manufacturer may be required to perform additional tests or
inspections to verify acceptability of any changes made.

S3. Soundness

S3.1 Castings shall meet the soundness requirements of
MIL-STD-278 for the category, subcategory, and criticality
level specified in the purchase order.

S4. Pressure Test

S4.1 Castings shall meet the pressure test requirements of
MIL-STD-278.

S5. Weld Repair

S5.1 All repair welding shall be in accordance with MIL-
STD-278 using welders and welding procedures qualified in
accordance with MIL-STD-248.

S5.2 Surfaces of the casting that will be in contact with
seawater will be identified by the purchaser. Any weld repair
made on these surfaces or within1⁄4 in. of these surfaces shall
be postweld heat treated in accordance with 5.3.

S6. Quality Assurance

S6.1 Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the manufacturer is
responsible for performance of all inspection and test require-
ments specified. Except as otherwise specified in the contract
or purchase order, the manufacturer may use his own or any
other suitable facilities for the performance of the inspection
and test requirements unless disapproved by the purchaser at
the time the order is placed. The purchaser shall have the right
to perform any of the inspections or tests set forth when such
inspections and tests are deemed necessary to ensure that the
material conforms to prescribed requirements.

S7. Marking

S7.1 The castings shall be marked in accordance with
Specification B 824. Additionally, the marking shall include
the manufacturer’s trademark, specification, and alloy number.

S8. Preparation for Delivery

S8.1 Preservation, Packaging, and Packing:
S8.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, packed, Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S8.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S8.2 Marking:
S8.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S8.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

7 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, ATTN: NPODS.
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force that, when applied to a body having a mass of one
kilogram, gives it an acceleration of one metre per second
square (N = kg·m/s2). The derived SI unit for pressure or stress

is the newton per square metre (N/m2), which has been named
the pascal (Pa) by the General Conference on Weights and
Measures. Since 1 ksi = 6 894 757 Pa, the metric equivalents
are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 148 – 93a) that may impact the use of this standard.

(1) Paragraph 1.1 was rewritten.
(2) Copper minimums were added to Table 2 to agree with
CDA8 officially registered chemistries.
(3) The entire specification was revised to comply with
Specification B 824.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

8 Copper Development Association, Inc., 260 Madison Ave., New York, NY
10016.
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Designation: B 150/B 150M – 03

Standard Specification for
Aluminum Bronze Rod, Bar, and Shapes 1

This standard is issued under the fixed designation B 150/B 150M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for alu-
minum bronze rod, bar, and shapes for Copper Alloys UNS
Nos. C61300, C61400, C61900, C62300, C62400, C63000,
C63020, C63200, C64200, and C64210.

NOTE 1—Product intended for hot forging is described in Specification
B 124/B 124M.

NOTE 2—Warning—Mercury is a definite health hazard in use and in
disposal.

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in non-conformance
with the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 124/B 124M Specification for Copper and Copper Alloy

Forging Rod, Bar and Shapes2

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys2

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper Alloy Rod, Bar and Forg-
ings2

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast2

B 858 Test Method for Ammonia Vapor Test for Determin-
ing Susceptibility to Stress Corrosion Cracking in Copper
Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 53 Test Methods for Chemical Analysis of Copper4

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)4

E 118 Test Methods for Chemical Analysis of Copper—
Chromium Alloys4

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

3. General Requirements

3.1 The following sections of Specifications B 249/B 249M
constitute a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Mill Test Report,
3.1.13 Packaging and Package Marking, Preservation and

Delivery, and
3.1.14 Supplementary Requirements.
3.2 In addition, when a section with a title identical to those

referenced in 3.1, appears in this specification, it contains
additional requirements that supplement those appearing in
Specification B 249/B 249M.

4. Ordering Information

4.1 Include the following information when placing orders
for product under this specification:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bars, Wire, Shapes and Forgings.

Current edition approved May 10, 2003. Published June 2003. Originally
approved in 1941. Last previous edition approved in 2002 as B 150/B 150M – 02.

2 Annual Book of ASTM Standards,Vol 02.01.

3 Annual Book of ASTM Standards,Vol 03.01.
4 Annual Book of ASTM Standards,Vol 03.05.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



4.1.1 ASTM specification designation and year of issue
(B 150/B 150M - 02),

4.1.2 Copper alloy UNS No. (See Table 1),
4.1.3 Temper (see Temper section),
4.1.3.1 When Alloy UNS No. C63000 is specified, specify

standard strength or high strength temper,
4.1.4 Product cross-section (for example round, hexagonal,

square, and so forth),
4.1.5 Dimensions (diameter or distance between parallel

surfaces and length) and permissible variations (Section 10),
4.1.5.1 When product of Copper Alloy UNS No. C63020 is

specified, the tolerances for diameter, thickness, width, and
length shall be part of the contract or purchase order and shall
be agreed upon between the supplier and the purchaser.

4.1.5.2 Shapes—When product is shapes, the dimensional
tolerances shall be as agreed upon between the manufacturer
and the purchaser and shall be specified.

4.1.6 Quantity, total weight, footage, or number of pieces
for each size.

4.1.7 When product is purchased for agencies of the U.S.
government.

4.2 The following options are available and should be
specified at the time of placing orders when required:

4.2.1 If the material is intended for welding applications,
4.2.2 Certification,
4.2.3 Mill test reports,
4.2.4 Mercurous Nitrate Test, (see 9.1),
4.2.5 Ammonia Vapor Test, (see 9.2),
4.2.6 If piston finish is required, (see 9.3), and
4.2.7 When tensile test is required for alloys with hardness

requirements in Table 3 (see 8.1.1.1).

5. Materials and Manufacture

5.1 Copper Alloy UNS C63020—Rod and Bar shall be
heat-treated to 26 Rockwell hardness (C scale) (HRC) mini-
mum as follows:

5.1.1 Heat to 1550°/1650°F [850/900°C] for 2 h minimum
and quenched in water.

5.1.2 Temper at 900°/1000°F [480/540°C] for 2 h minimum
and air cool to room temperature.

5.2 Copper Alloy UNS C63200—Rod and Bar shall be
heat-treated as follows:

5.2.1 Heat to 1550°F [850°C] minimum for 1 h minimum at
temperature and quench in water or other suitable medium,

5.2.2 Temper anneal at 13006 25°F [7006 15°C] for 3 to
9 h at temperature as required to obtain desired mechanical
properties, and

5.2.3 Heat treatment is not mandatory for sections that
exceed 12 in. [300 mm] in diameter or thickness.

6. Chemical Composition

6.1 The material shall conform by alloy to the chemical
composition requirements specified in Table 1.

6.1.1 Copper, when specified as the remainder and not
determined directly, shall be taken as the difference between
the sum of all elements with limiting values analyzed and
100 %.

6.2 The sum of specified elements, when analyzed, shall be
99.5 % minimum for all alloys except C61300 which shall be
99.8 % min.

6.3 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between the manufacturer and the
purchaser.

7. Temper

7.1 Tempers available under this specification, and as de-
fined in Practice B 601, and HR50, M10, M20, M30, O20,
O25, O30, O32, TQ30, TQ50 and TQ55.

8. Mechanical Property Requirements

8.1 The product shall conform to the mechanical property
requirements given in Table 2 and Table 3 for the Copper Alloy
UNS No. designation specified in the ordering information.

8.1.1 Rockwell Hardness—For the alloys and tempers
listed, product 0.5 in. [12 mm] and over in diameter or distance

TABLE 1 Chemical Requirements

Elements

Composition, %

Copper Alloy UNS No.
C61300 C61400 C61900 C62300 C62400 C63000 C63020 C63200 C64200 C64210

Aluminum 6.0–7.5 6.0–8.0 8.5–10.0 8.5–10.0 10.0–11.5 9.0–11.0 10.0–11.0 8.7–9.5 6.3–7.6 6.3–7.0
Copper, incl

silver
remainder remainder remainder remainder remainder remainder 74.5 min remainder remainder remainder

Iron 2.0–3.0 1.5–3.5 3.0–4.5 2.0–4.0 2.0–4.5 2.0–4.0 4.0–5.5 3.5–4.3A 0.30 max 0.30 max
Nickel, incl

cobalt
0.15 max . . . . . . 1.0 max . . . 4.0–5.5 4.2–6.0 4.0–4.8A 0.25 max 0.25 max

Manganese 0.20 max 1.0 max . . . 0.50 max 0.30 max 1.5 max 1.5 max 1.2–2.0 0.10 max 0.10 max
Silicon 0.10 max . . . . . . 0.25 max 0.25 max 0.25 max . . . 0.10 max 1.5–2.2 1.5–2.0
Tin 0.20–0.50 . . . 0.6 max 0.6 max 0.20 max 0.20 max 0.25 max . . . 0.20 max 0.20 max
Zinc, max 0.10B 0.20 0.8 . . . . . . 0.30 0.30 . . . 0.50 0.50
Lead, max 0.01 0.01 0.02 . . . . . . . . . 0.03 0.02 0.05 0.05
Arsenic, max . . . . . . . . . . . . . . . . . . . . . 0.15 0.15
Phosphorus,

max
0.015 0.015 . . . . . . . . . . . . . . . . . . . . . . . .

Other named
elements

B C

A Iron content shall not exceed nickel content.
B When the product is for subsequent welding applications and is so specified by the purchaser, chromium shall be 0.05 % max, cadmium 0.05 % max, zirconium 0.05 %

max, and zinc 0.05 % max.
C Chromium shall be 0.05 max and cobalt shall be 0.20 max.
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TABLE 2 Tensile Requirements

Temper Designation
Diameter or Distance Between Parallel

Surfaces,A in. [mm]

Tensile
Strength,

min ksi [MPa]

Yield Strength,
min ksi [MPa], at 0.5 % Extension

Under Load

Elongation in
4 3 Diameter

or Thickness of
Specimen min, %BCode Name

Copper Alloy UNS No. C61300

HR50 drawn and stress relieved rod (round only):
1⁄2 [12] and under 80 [550] 50 [345] 30
over 1⁄2 [12] to 1 [25], incl 75 [515] 45 [310] 30
over 1 [25] to 2.0 [50] incl 72 [495] 40 [275] 30
over 2 [50] to 3 [80], incl 70 [485] 35 [240] 30

HR50 drawn and stress relieved rod (hexagonal and octagonal) and bar:
1⁄2 [12] and under 80 [550] 40 [275] 30
over 1⁄2 [12] to 1 [25], incl 75 [515] 35 [240] 30
over 1 [25] to 2 [50], incl 70 [485] 32 [220] 30

Copper Alloy UNS No. C61400

HR50 drawn and stress relieved rod (round only):
1⁄2 [12] and under 80 [550] 40 [275] 30
over 1⁄2 [12] to 1 [25], incl 75 [515] 35 [240] 30
over 1 [25] to 2 [50], incl 70 [485] 32 [220] 30
over 2 [50] to 3 [80], incl 70 [485] 30 [205] 30

Copper Alloy UNS No. C61900

HR50 drawn and stress relieved rod (round only):
1⁄2 [12] and under 90 [620] 50 [345] 15
over 1⁄2 [12] to 1 [25], incl 88 [605] 44 [305] 15
over 1 [25] to 2 [50], incl 85 [585] 40 [275] 20
over 2 [50] to 3 [80], incl 78 [540] 37 [255] 25

M20 as hot rolled over 3 [80] 75 [515] 30 [205] 20

M20
M30
O20
O25
O30
HR50

as hot rolled
as hot extruded
hot forged and annealed
hot rolled and annealed
hot extruded and annealed
drawn and stress relieved

6 shapes, all sizes 75 [515] 30 [205] 20

Copper Alloy UNS No. C62300

HR50 drawn and stress relieved rod (round only):
1⁄2 [12] and under 90 [620] 50 [345] 12
over 1⁄2 [12] to 1 [25], incl 88 [605] 44 [305] 15
over 1 [25] to 2 [50], incl 84 [580] 40 [275] 15
over 2 [50] to 3 [80], incl 76 [525] 37 [255] 20

M20
M30
O20
O25
O30
HR50

as hot rolled
as hot extruded
hot forged and annealed
hot rolled and annealed
hot extruded and annealed
drawn and stress relieved

6 over 3 [80] 75 [515] 30 [205] 20

HR50 drawn and stress relieved rod (hexagonal and octagonal) and bar:
1 [25] and under 80 [550] 35 [240] 15
over 1 [25] to 2 [50], incl 78 [540] 32 [220] 15

M20 as hot rolled over 2 [50] 75 [515] 30 [205] 20

M20
M30
O20
O25
O30
HR50

as hot rolled
as hot extruded
hot forged and annealed
hot rolled and annealed
hot extruded and annealed
drawn and stress relieved

6 shapes, all sizes 75 [515] 30 [205] 20

Copper Alloy UNS No. C62400

HR50 drawn and stress relieved rod (round only):
1⁄2 [12] and under 95 [655] 45 [310] 10
over 1⁄2 [12] to 1 [25], incl 95 [655] 45 [310] 12
over 1 [25] to 2 [50], incl 90 [620] 43 [295] 12
over 2 [50] to 3 [80], incl 90 [620] 40 [275] 12

M20 as hot rolled
as hot extrudedJM30 over 3 [80] to 5 [125] incl 90 [620] 35 [240] 12

B 150/B 150M – 03
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TABLE 2 Continued

Temper Designation
Diameter or Distance Between Parallel

Surfaces,A in. [mm]

Tensile
Strength,

min ksi [MPa]

Yield Strength,
min ksi [MPa], at 0.5 % Extension

Under Load

Elongation in
4 3 Diameter

or Thickness of
Specimen min, %BCode Name

O20 hot forged and annealed
hot rolled and annealed
hot extruded and annealedJ rod (hexagonal and octagonal) and bar:

O25 1⁄2 [12] to 5 [125], incl 90 [620] 35 [240] 12
O30 shapes, all sizes 90 [620] 35 [240] 12

TQ50 quench hardened and temper rod (round only):
annealed over 3 [80] to 5 [125], incl 95 [655] 45 [310] 10

Copper Alloy UNS No. C63000

1—standard strength
HR50 drawn and stress relieved rod:

1⁄2 [12] to 1 [25], incl 100 [690] 50 [345] 5
over 1 [25] to 2 [50], incl 90 [620] 45 [310] 6
over 2 [50] to 3 [80], incl 85 [585] 42.5 [295] 10

M20
M30
O20
O25
O30
HR50

as hot rolled
as hot extruded
hot forged and annealed
hot rolled and annealed
hot extruded and annealed
drawn and stress relieved

6 over 3 [80] to 4 [100], incl
over 4 [100]

85 [585]
80 [550]

42.5 [295]
40 [275]

10
12

bar:
HR50 drawn and stress relieved 1⁄2 [12] to 1 [25], incl 100 [690] 50 [345] 5

over 1 [25] to 2 [50], incl 90 [620] 45 [310] 6

M20
M30
O20
O25
O30
HR50

as hot rolled
as hot extruded
hot forged and annealed
hot rolled and annealed
hot extruded and annealed
drawn and stress relieved

6 over 2 [50] to 4 [100], incl
over 4 [100]

85 [585]
80 [550]

42.5 [295]
40 [275]

10
12

M20
M30
O20
O25
O30
HR50

as hot rolled
as hot extruded
hot forged and annealed
hot rolled and annealed
hot extruded and annealed
drawn and stress relieved

6 shapes, all sizes 85 [585] 42.5 [295] 10

2—high strength
HR50 drawn and stress relieved rod:

1 [25] and under 110 [760] 68 [470] 10
over 1 [25] to 2 [50], incl 110 [760] 60 [415] 10
over 2 [50] to 3 [80], incl 105 [725] 55 [380] 10

TQ50

O32

quench hardened and
temper annealed

hot extruded and
temper annealed

6
over 3 [80] to 5 [125], incl 100 [690] 50 [345] 10

Copper Alloy UNS No C63020

TQ30 quenched hardened
and tempered

rod and bar:

up to 1 [25] incl 135 [930] 100 [690]C 6
over 1 [25] to 2 [50], incl 130 [890] 95 [650]C 6
over 2 [50] to 4 [100], incl 130 [890] 90 [620]C 6

Copper Alloy UNS No. C63200

TQ50

TQ55

quench hardened and
temper annealed

quench hardened, temper
annealed, drawn, and
stress relieved

6
rod and bar:

up to 3 [80], incl
over 3 [80] to 5 [125], incl
over 5 [125] to 12 [300], incl

shapes, all sizes

90 [620]
90 [620]
90 [620]
90 [620]

50 [345]
45 [310]
40 [275]
40 [275]

15
15
15
15

O20
O25

hot forged and annealed
hot rolled and annealed J bar and shapes

all sizes 90 [620] 40 [275] 15

Copper Alloy UNS Nos. C64200 and C64210

HR50 drawn and stress relieved rod and bar:
1⁄2 [12] and under 90 [620] 45 [310] 9
over 1⁄2 [12] to 1 [25], incl 85 [585] 45 [310] 12
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between parallel surfaces shall conform with the requirements
given in Table 3, when tested in accordance with Test Methods
E 18.

8.1.1.1 For the alloys and tempers listed in Table 3, Rock-
well hardness shall be the basis of acceptance or rejection for
mechanical properties except when the tensile test is specified
in the contract or purchase order.

8.1.2 Tensile Strength—The product shall conform with the
requirements of Table 2 when tested in accordance with Test
Methods E 8 or E 8M.

9. Other Requirements

9.1 Mercurous Nitrate Test—Material furnished in any tem-
per may, when specified, be required to pass the test in
accordance with Test Method B 154.

9.2 Ammonia Test—Material furnished in any temper may,
when specified, be required to pass the test in accordance with
Test Method B 858. Test severity requirements shall be estab-
lished by agreement between manufacturer and purchaser.

9.3 Piston Finish—When specified, round rod over 0.5 in.
[12 mm] in diameter shall be furnished piston finished. Refer to
Specification B 249/B 249M.

10. Dimensions, Mass and Permissible Variations

10.1 Refer to the appropriate paragraphs in Specification
B 249/B 249M with particular attention to the following tables
of that specification:

10.1.1 Diameter or Distance between Parallel Surfaces:
10.1.1.1Rod: Round, Hexagonal, Octagonal—Refer to ap-

plicable table on Tolerances for Diameter or Distances Be-
tween Parallel Surfaces of Cold-Drawn Rod.

10.1.1.2Rod, M30, O30, and O32—Refer to table on
Tolerances for Diameter or Distance Between Parallel Surfaces
of As-Extruded Rod and Bar.

10.1.1.3Round Rod, M20—Refer to table on Diameter
Tolerances for Hot-Rolled Round Rod.

10.1.1.4Piston Finish Rod—Refer to table on Diameter
Tolerances for Piston-Finished Rod.

10.1.2 Bar:
10.1.2.1Rectangular and Square—Refer to table on Thick-

ness Tolerances for Rectangular and Square Bar, and table on
Width Tolerances for Rectangular Bar.

10.1.2.2Bar, M30, O30, and O32—Refer to table on
Tolerances for Diameter or Distance Between Parallel Surfaces
of As-Extruded Rod and Bar.

10.1.3 Length of Rod, Bar and Shapes—Refer to table on
Length Tolerances for Rod, Bar, and Shapes, and table on
Schedule of Lengths (Specific and Stock) with Ends for Rod
and Bar.

10.1.4 Straightness:
10.1.4.1Rod and Bar—Refer to table on Straightness Tol-

erances for Rod, Bar, and Shapes.
10.1.4.2Shafting Rod—Refer to table on Straightness Tol-

erances for Shafting.
10.1.4.3Rod, Bar and Shapes of M20, M30, O30, and O32

Temper—They shall be of sufficient straightness to meet the
requirements of the intended application.

10.1.5 Edge Contours—Refer to section entitled, “Edge
Contours.”

10.2 Shapes—The dimensional tolerances for shapes shall
be as agreed upon between the manufacturer and the purchaser.

11. Workmanship, Finish and Appearance

11.1 When specified in the contract or purchase order, round
rod over1⁄2 in. [12 mm] in diameter shall be furnished as piston
finish rod or shafting.

TABLE 2 Continued

Temper Designation
Diameter or Distance Between Parallel

Surfaces,A in. [mm]

Tensile
Strength,

min ksi [MPa]

Yield Strength,
min ksi [MPa], at 0.5 % Extension

Under Load

Elongation in
4 3 Diameter

or Thickness of
Specimen min, %BCode Name

over 1 [25] to 2 [50], incl 80 [550] 42 [290] 12
over 2 [50] to 3 [80], incl 75 [515] 35 [240] 15

M10
M20
M30

as hot forged2air cooled
as hot rolled
as hot extruded J over 3 [80] to 4 [100] incl

over 4 [100]
70 [485]
70 [485]

30 [205]
25 [170]

15
15

M30 as hot extruded shapes, all sizes 70 [485] 30 [205] 15
A For rectangular bar, the Distance Between Parallel Surfaces as used in this table refers to the thickness.
B Elongation values are based on 5.65 times the square root of the area for dimensions greater than 0.10 in. [2.5 mm]. In any case, a minimum gage length of 1 in. [25

mm] shall be used.
C Yield strength at 0.2 % offset.

TABLE 3 Rockwell Hardness Requirements A for Copper Alloy UNS No. Designations C64200 and C64210

Temper Designation Diameter or Distance Between
Parallel Surfaces, in. [mm]

Rockwell B Hardness Determined
on the Cross Section Midway
Between Surface and CenterStandard Former

HR50 drawn and stress relieved 0.5 [12] to 1.0 [25], incl. 80–100
over 1.0 [25] to 2.0 [50], incl. 80–100
over 2.0 [50] to 3.0 [80], incl. 70–95

M30 as hot-extruded over 3.0 [80] to 4.0 [100], incl. 65–95
over 4.0 [100] 65–95

shapes, all sizes 65–95
A Rockwell hardnesses are not established for diameters less than 0.5 in. [12 mm].
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12. Test Methods

12.1 Chemical Composition, in case of disagreement, shall
be determined using the following methods:

Element ASTM Test Methods
Aluminum E 478, Titrimetric
Arsenic E 62
Copper E 478
Iron E 478, Photometric
Lead E 478, Atomic absorption
Manganese E 62
Nickel E 478, Photometric
Phosphorous E 62

Silicon E 62
Tin E 478, Photometric
Zinc E 478, Atomic absorption
Cadmium E 53
Chromium E 118

12.2 Test methods for other specified elements shall be by
agreement between the purchaser and the supplier.

13. Keywords

13.1 aluminum bronze bar; aluminum bronze rod; alumi-
num bronze shapes

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 150/B 150M – 02) that may impact the use of this standard. (Approved May 10, 2003.)

(1) Additions were made to Section 4, adding 4.1.7 and 4.2.7.
(2) Temper O32 was added for UNS Alloy No. C63000.
(3) The temper name was corrected for temper TQ30 for UNS
Alloy No. C63020.

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 150 – 98e2) that may impact the use of this standard. (Approved Apr. 10, 2002.)

(1) A comprehensive five-year review was conducted. B 150
and B 150M were combined.
(2) The General Requirements section incorporated sections
with references only to specification B 249/B 249M, and those
sections were eliminated.
(3) The Materials and Manufacture section was updated to
incorporate processing information previously located in the
General Requirements section.

(4) An option for the use of B 858, Ammonia Vapor Test was
added. (See Ordering Information and Other Requirements
sections).

(5) Alloy UNS No. C60600 was removed. This alloy has been
cancelled.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 151/B 151M – 00

Standard Specification for
Copper-Nickel-Zinc Alloy (Nickel Silver) and Copper-Nickel
Rod and Bar 1

This standard is issued under the fixed designation B 151/B 151M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for
copper-nickel-zinc and copper-nickel rod and bar for general
application produced from Copper Alloy UNS Nos. C70600,
C70620, C71500, C71520, C74500, C75200, C75700,
C76400, C77000, and C79200.

1.1.1 Copper Alloys UNS Nos. C70620 and C71520 are for
product intended for welding applications.

1.1.2 The values stated in either inch-pound or SI units are
to be regarded separately as standard. The values stated in each
system may not be exact equivalents; therefore, each system
shall be used independently of the other. Combining values
from the two systems may result in nonconformance with the
standard.

NOTE 1—Requirements for copper-nickel-zinc alloy wire appear in
Specification B 206/B 206M.

2. Referenced Documents

2.1 ASTM Standards:
B 206/B 206M Specification for Copper-Nickel-Zinc Alloy

(Nickel Silver) Wire and Copper-Nickel Alloy Wire2

B 249 Specification for General Requirements for Wrought
Copper and Copper-Alloy Rod, Bar, Shapes, and Forgings2

B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes, and
Forgings [Metric]2

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys3

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys3

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

3. General Requirements

3.1 The following sections of Specifications B 249 or
B 249M are a part of this specification:

3.1.1 Terminology,
3.1.2 Material and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling,
3.1.5 Specimen Preparation,
3.1.6 Test Methods,
3.1.7 Inspection,
3.1.8 Certification,
3.1.9 Report, and
3.1.10 Packaging and Package Marking.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements which supplement those appearing in
Specifications B 249 or B 249M.

4. Terminology

4.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Include the following information in the contract or
purchase order:

5.1.1 ASTM designation and year of issue (for example, B
151/B 151M – XX),

5.1.2 Copper Alloy UNS No. designation (Section 1),
5.1.3 Temper (Section 8 and Tables 2, 3, and 4),
5.1.4 Form: cross section such as round, hexagonal, square,

and so forth (Section 12),
5.1.5 Diameter or distance between parallel surfaces, length

(Section 12),
5.1.6 Weight: total for each form, size, and temper, and
5.1.7 When material is purchased for agencies of the U.S.

Government (Section 11).
5.2 The following options are available and should be

specified in the contract or purchase order when required:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes and Forgings.

Current edition approved Oct. 10, 2000. Published January 2001. Originally
published as B 151 – 41 T. Last previous edition B 151 – 94.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.05. 4 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.
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5.2.1 Heat identification or traceability detail,
5.2.2 Certification, and
5.2.3 Test report.

6. Materials and Manufacture

6.1 Material:
6.1.1 The material of manufacture as specified in the con-

tract or purchase order, shall be of one of Copper Alloy UNS
No. C70600, C70620, C71500, C71520, C74500, C75200,
C75700, C76400, C77000, or C79200.

7. Chemical Composition

7.1 The product shall conform to the chemical composi-
tional requirements prescribed in Table 1 for the Copper Alloy
UNS No. designation specified in the contract or purchase
order.

7.1.1 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

7.2 For copper alloys in which zinc or copper is specified as
the remainder, zinc or copper may be taken as the difference
between the sum of results for all elements determined and
100 %.

7.3 When all elements listed in Table 1 for a specified alloy
are determined, the sum of results shall be 99.5 % minimum.

8. Temper

8.1 The standard tempers available under this specification
and as defined in Practice B 601 are: O60, OS035, OS070,
H01, and H04 are given in Tables 2-4.

NOTE 2—The purchaser should confer with the manufacturer or sup-
plier concerning the availability of a specific form and temper.

8.2 Other tempers, and tempers for other products including
shapes, shall be subject to agreement between the manufacturer
and the purchaser.

9. Grain Size of Annealed Tempers

9.1 Grain Size:
9.1.1 Product in the OS temper shall conform to the grain

size requirement prescribed in Table 2 for the specified copper
alloy and temper.

9.1.2 Grain size shall be the basis for acceptance or rejection
for OS temper product produced from Copper Alloy UNS Nos.
C74500, C75200, C75700, C76400, C77000, and C79200.

10. Mechanical Property Requirements

10.1 Tensile Requirement:
10.1.1 Copper-Nickel-Zinc Alloys UNS Nos. C74500,

C75200, C75700, C76400, C77000, and C79200 in Tempers
H01 and H04 shall conform to the requirement prescribed in
Table 3 for the specified shape and size and the tensile strength
shall be the basis of acceptance or rejection for product in these
tempers.

10.1.2 Copper-Nickel Alloys UNS Nos. C70600, C70620,
C71500, and C71520 in Tempers H01, H04, and O60 shall
conform to the requirement prescribed in Table 4 for the
specified shape and size, and the tensile properties shall be the
basis of acceptance or rejection for all tempers.

TABLE 1 Chemical Requirements

Composition, % max (unless shown as range or min)

Copper Alloy
UNS No.

Copper, Incl Silver Nickel, Incl Cobalt Lead Iron Manganese Zinc Phosphorous Sulfur Carbon

C70600 remainder 9.0-11.0 0.05 1.0-1.8 1.0 1.0 0.02 0.02 . . .
C70620 86.5 min 9.0-11.0 0.02 1.0-1.8 1.0 0.50 0.02 0.02 0.05
C71500 remainder 29.0-33.0 0.05 0.40-1.0 1.0 1.0 . . . . . . . . .
C71520 65.0 min 29.0-33.0 0.02 0.40-1.0 1.0 0.50 0.02 0.02 0.05
C74500 63.5-66.5 9.0-11.0 0.05 0.25 0.50 remainder . . . . . . . . .
C75200 63.5-66.5 16.5-19.5 0.05 0.25 0.50 remainder . . . . . . . . .
C75700 63.5-66.5 11.0-13.0 0.05 0.25 0.50 remainder . . . . . . . . .
C76400 58.5-61.5 16.5-19.5 0.05 0.25 0.50 remainder . . . . . . . . .
C77000 53.5-56.5 16.5-19.5 0.05 0.25 0.50 remainder . . . . . . . . .
C79200 59.0-66.5 11.0-13.0 0.8-1.4 0.25 0.50 remainder . . . . . . . . .

TABLE 2 Grain Size Requirements for OS (Annealed) Temper
Rod and Bar

Copper Alloy UNS No.
Temper

Designation
Grain Size, mm

Nominal Minimum Maximum
All alloys OS015 0.015 . . . 0.030
All alloys OS035 0.035 0.025 0.050
C74500, C75200, C75700,

C76400, and C77000
OS070 0.070 0.050 0.100

TABLE 3 Tensile Requirements for Copper-Nickel-Zinc Alloy Rod
and Bar

Temper
Designation

Diameter or Distance
Between Parallel

Surfaces, in. [mm]

Tensile Strength, ksi [MPa]A

Copper Alloy UNS
Nos. C75200 and

C79200

Copper Alloy UNS
Nos. C74500,

C75700, C76400,
and C77000

Min Max Min Max

Rod:
round

H01 0.02 to 0.50 [0.5 to
10], incl

60 [415] 80 [550] 75 [515] 95 [655]

Rod:
round, hexagonal,

octagonal
H04 0.02 to 0.25 [0.5 to

6.5], incl
80 [550] 100 [690] 90 [620] 110 [760]

Over 0.25 to 0.50
[6.5 to 10], incl

70 [485] 90 [620] 80 [550] 100 [690]

Over 0.50 to 1.0 [10
to 25], incl

65 [450] 85 [590] 75 [515] 95 [655]

Over 1.0 [25] 60 [415] 80 [550] 70 [485] 90 [620]
H04 Bar:

square, rectangular
all sizes 68 [470] 88 [605] 75 [515] 95 [650]

B 151/B 151M
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11. Purchases for U.S. Government Agencies

11.1 When specified in the contract or purchase order,
product purchased for agencies of the U.S. Government shall
conform to the special government regulations specified in the
Supplemental Requirements section of Specifications B 249 or
B 249M.

12. Dimensions, Mass, and Permissible Variations

12.1 The following titled sections and tables in Specifica-
tions B 249 or B 249M are a part of this specification:

12.1.1 Diameter or Distance Between Parallel Surfaces:
12.1.1.1 Rod: round/hexagonal, octagonal—cold-drawn

rod.
12.1.1.2 Bar: rectangular and square—thickness, width.
12.1.2 Length—length tolerances, schedule of length.
12.1.3 Straightness tolerances for rod, bar, and shapes.
12.1.4 Edge contours—see identically titled clause.

13. Number of Tests and Retests

13.1 Tests:
13.1.1 Chemical Analysis:
13.1.1.1 Chemical composition shall be determined as the

per element mean of results from at least two replicate
determinations of the sample(s) and the results of each repli-
cation shall conform to compositional requirements.

13.1.2 Other Tests:
13.1.2.1 Grain size and tensile properties shall be deter-

mined from specimens prepared from each of two sample
pieces selected for tests and each specimen shall conform to
test requirement(s).

13.2 Retests:
13.2.1 When requested by the manufacturer or supplier, a

retest may be permitted when test results obtained by the
purchaser fail to conform with the product specification re-
quirement(s).

13.2.2 Retesting shall be as directed in the product specifi-
cation for the initial test except for the number of test
specimens, which shall be twice that normally required for the
test. Test results for all specimens shall conform to the product
specification requirement(s) in retest and failure to comply
shall be cause for lot rejection.

14. Test Methods

14.1 The test method(s) used for quality control or produc-
tion control, or both, for the determination of conformance
with product property requirements are discretionary.

14.1.1 The test method(s) used to obtain data for the
preparation of certification or test report, or both, shall be made
available to the purchaser on request.

14.2 Chemical Analysis—Chemical composition shall be

TABLE 4 Tensile Requirements for Copper-Nickel Alloy Rod and Bar

Temper
Designation

Diameter or Distance Between Parallel Surfaces, in. [mm]
Tensile Strength,

min, ksi [MPa]

Yield Strength at
0.5 % Extension Under

Load, min, ksi [MPa]

Elongation in 43
Diameter or Thickness
of Specimen, min, %A

Copper Alloy UNS Nos. C70600 and C70620

O60 round, hexagonal, and octagonal rods and square bars all sizes 38 [260] 15 [105] 30
H04 round, hexagonal, and octagonal rods and square bars up to 3⁄8, incl

over 3⁄8 to 1, incl
over 1 to 3

60 [415]
50 [345]
40 [275]

38 [260]
30 [205]
15 [105]

10
15
30

O60 rectangular bars and shapes all sizes 38 [260] 15 [105] 30

For Thicknesses

H04 rectangular bars up to 3⁄8, incl
over 3⁄8 to 1⁄2, incl
over 1⁄2 to 3

55 [380]
50 [345]
40 [275]

30 [205]
28 [195]
17 [115]

10
12
20

H04 shapes all sizes (As agreed upon between the manufacturer
or supplier and the purchaser)

Copper Alloy UNS Nos. C71500 and C71520

O60 round, hexagonal, and octagonal rods and square bars up to 1⁄2, incl
over 1⁄2 to 1, incl
over 1

52 [360]
48 [330]
45 [310]

18 [125]
18 [125]
18 [125]

30
30
30

H01 round, hexagonal, and octagonal rods and square bars up to 1⁄2, incl
over 1⁄2 to 1, incl

65 [450]
60 [415]

50 [345]
45 [310]

10
15

over 1 to 3, incl 55 [380] 35 [240] 20
H04 up to 1⁄2, incl 80 [550] 60 [415] 8

over 1⁄2 to 1, incl 75 [515] 58 [400] 10
over 1 to 2, incl 70 [485] 55 [380] 10

O60 rectangular bars and shapes all sizes 45 [310] 15 [105] 30

For Thicknesses

H04 rectangular bars up to 1⁄2, incl 75 [515] 55 [380] 7
over 1⁄2 to 1, incl 70 [485] 50 [345] 10

H04 shapes all sizes (As agreed upon between the manufacturer
or supplier and the purchaser)

AIn any case, a minimum gage length of 1 in. [25.4 mm] shall be used.

B 151/B 151M
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determined, in case of disagreement, as follows:
Element Range, % Method

Copper 53–90 E 478
Iron 0.02–8 E 75
Lead 0.05–1.5 E 478 (AA)
Manganese 0.05–1.0 E 75
Nickel 8–34 E 478 (Gravimetric)
Zinc 0–1.0 E 478 (AA)
Zinc 2–40 E 478 (Titrimetric)
Sulfur 0-0.1 E 478 (AA)
Phosphorus 0-1.0 E 478 (AA)
Carbon 0.01-1.0 E 76

15. Rejection and Rehearing

15.1 Rejection:
15.1.1 Product that fails to conform to the requirements of

this product specification is subject to rejection.
15.1.2 Rejection shall be reported to the manufacturer or

supplier, promptly and in writing.
15.1.3 In case of disagreement or dissatisfaction with the

results of the test upon which rejection was based, the
manufacturer or supplier may take claim for a rehearing.

15.2 Rehearing:

15.2.1 As a result of product rejection, the manufacturer or
supplier may make claim to the purchaser for retest to be
conducted by the manufacturer or supplier and the purchaser.
Samples of the rejected product shall be taken in accordance
with the product specification and tested by both parties as
directed in the product specification, or, alternatively, upon
agreement between both parties, an independent laboratory
may be selected for the tests using the test methods prescribed
in this product specification.

16. Keywords

16.1 copper alloy bar; copper alloy rod; copper-nickel alloy
bar; copper-nickel alloy rod; copper-nickel-zinc alloy bar;
copper-nickel-zinc alloy rod; cupronickel bar; cupronickel rod;
nickel silver bar; nickel silver rod; UNS C70600 bar; UNS
C71500 bar; UNS C74500 bar; UNS C75200 bar; UNS
C75700 bar; UNS C76400 bar; UNS C77000 bar; UNS
C79200 bar; UNS C70600 rod; UNS C71500 rod; UNS
C74500 rod; UNS C75200 rod; UNS C75700 rod; UNS
C76400 rod; UNS C77000 rod; UNS C79200 rod; UNS
C70620; UNS C71520

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the B 151 – 94 issue that
may impact its use.

(1) Table 1, Chemical Requirements, was updated and Alloys
UNS No. C70620 and C71520 were added.
(2) Specifications B 151 and B 151M were combined and
B 151M withdrawn concurrently.

(3) Section 4, Terminology, was added.

(4) General editorial modifications were incorporated to meet
current form and style guidelines.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Designation: B 152/B 152M – 00 Used in USDOE-NE standards

Standard Specification for
Copper Sheet, Strip, Plate, and Rolled Bar 1

This standard is issued under the fixed designation B 152/B 152M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification2 establishes the requirements for cop-
per sheet, strip, plate, and rolled bar produced from the
following coppers.

Copper
UNS No.

Previous
Designa-

tionA Type of Copper

C10100 OFE Oxygen-free electronic
C10200B OF Oxygen-free without residual

deoxidants
C10300 ... Oxygen-free extra low phosphorus
C10400, C10500, C10700 OFS Oxygen-free, silver bearing
C10800 ... Oxygen-free low phosphorus
C10910 ... Low oxygen
C11000B ETP Electrolytic tough pitch
C11300, C11400, C11600B STP Silver bearing tough pitch
C12000 DLP Phosphorized, low residual phos-

phorus
C12200B DHP Phosphorized, high residual phos-

phorus
C12300 DPS Phosphorized, silver bearing
C14200 DPA Phosphorus deoxidized, arsenical
C14420 ... Tin bearing tellurium copper
C14530 ... Tin tellurium bearing copper
_______________

AExcept Copper UNS No. C10300 (oxygen-free extra low phosphorus), No.
C10800 (oxygen-free low phosphorus), and C10910 (low oxygen), these types of
copper are classified in Classification B 224.

BSAE Specification CA101 conforms to Copper UNS No. C10100; SAE Speci-
fication CA102 conforms to the requirements for Copper UNS No. C10200; SAE
Specification CA110 conforms to the requirements for Copper UNS No. C11000;
SAE Specifications CA113, CA114, and CA116 conform to the requirements for
Copper UNS Nos. C11300, C11400, and C11600; SAE Specification CA120
conforms to Copper UNS No. C12000; and SAE Specification CA122 conforms to
the requirements for Copper UNS No. C12200.

NOTE 1—Each of the coppers listed has unique properties that can make
it suitable for specific applications. The purchaser should consult with the
supplier to determine which copper would be best suited for the intended
application.

NOTE 2—Copper UNS Nos. C10400, C10500, C10700, C11300,
C11400, and C11600 identify coppers with specific silver content (see
Table 1).

NOTE 3—This specification is not intended to cover material rolled to

ounce-weight thicknesses. Such material is covered by Specification
B 370.

Plates for locomotive fireboxes are covered by Specification B 11.
Flat copper products with finished (rolled or drawn) edges (flat wire and

strip) are also covered by Specification B 272.

1.1.1 When no specific copper is identified in the contract or
purchase order, the supplier may furnish product from any of
the listed coppers.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The SI values given in parentheses are
provided for information only.

1.3 The following safety hazards caveat only pertains to the
test method portion, Section 14 of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 11 Specification for Copper Plates for Locomotive Fire-

boxes3

B 170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes4

B 193 Test Method for Resistivity of Electrical Conductor
Materials5

B 216 Specification for Tough-Pitch Fire-Refined Copper—
Refinery Shapes4

B 224 Classification of Coppers4

B 248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar4

B 248M Specification for General Requirements for
Wrought Copper and Copper-Alloy Plate, Sheet, Strip, and
Rolled Bar [Metric]4

B 272 Specification for Copper Flat Products with Finished
(Rolled or Drawn) Edges (Flat Wire and Strip)4

B 370 Specification for Copper Sheet and Strip for Building
Construction4

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved Nov. 10, 2000. Published January 2001. Originally
published as B 152 – 42 T. Last previous edition B 152 – 97a.

2 For ASME Boiler and Pressure Vessel Codeapplications see related Specifi-
cation SB-152 in Section 10 of that Code.

3 Discontinued—see1980 Annual Book of ASTM Standards, Part 6.
4 Annual Book of ASTM Standards, Vol 02.01.
5 Annual Book of ASTM Standards, Vol 02.03.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



TA
B

LE
1

C
he

m
ic

al
R

eq
ui

re
m

en
ts

E
le

m
en

t

C
om

po
si

tio
n,

%

C
op

pe
r

U
N

S
N

o.

C
10

10
0A

C
10

20
0

C
10

30
0

C
10

40
0B

C
10

50
0B

C
10

70
0B

C
10

80
0

C
10

91
0

C
11

00
0

C
11

30
0C

C
11

40
0C

C
11

60
0C

C
12

00
0

C
12

20
0

C
12

30
0D

C
14

20
0

C
14

42
0E

C
14

53
0F

C
op

pe
r

(in
cl

si
lv

er
),

m
in

99
.9

9G
99

.9
5

99
.9

5H
99

.9
5

99
.9

5
99

.9
5

99
.9

5H
99

.9
5

99
.9

0
99

.9
0

99
.9

0
99

.9
0

99
.9

0
99

.9
99

.9
0

99
.4

99
.9

0
99

.9
0

P
ho

sp
ho

ru
s

A
...

0.
00

1–
0.

00
5

...
...

...
0.

00
5–

0.
01

2
...

...
...

...
0.

00
4–

0.
01

2
0.

01
5–

0.
04

0
0.

01
5–

0.
04

0
0.

01
5–

0.
04

0
...

0.
00

1–
0.

01
0

A
rs

en
ic

A
...

...
...

.
..

...
...

...
...

...
...

...
...

...
0.

15
–

0.
50

...
...

O
xy

ge
n,

m
ax

0.
00

05
0.

00
10

0.
00

10
0.

00
10

0.
00

10
0.

00
50

S
ilv

er
A

...
...

8I
10

I
25

I
...

...
8I

10
I

25
I

...
...

4I
...

...
...

S
el

en
iu

m
+

A
...

...
...

...
...

...
...

...
...

...
...

...
...

0.
05

0.
02

3
te

llu
riu

m
,

m
ax

Te
llu

riu
m

A
...

...
...

...
...

...
...

...
...

...
...

...
...

...
0.

00
5-

0.
05

0.
00

3–
0.

02
3

Ti
n

A
...

...
...

...
...

...
...

...
...

...
...

...
...

...
0.

04
-

0.
15

0.
00

3–
0.

02
3

A
Im

pu
rit

y
m

ax
im

um
s

in
pp

m
of

C
10

10
0

sh
al

lb
e:

an
tim

on
y

4,
ar

se
ni

c
5,

bi
sm

ut
h

1.
0,

ca
dm

iu
m

1,
iro

n
10

,
le

ad
5,

m
an

ga
ne

se
0.

5,
ni

ck
el

10
,

ox
yg

en
5,

ph
os

ph
or

us
3,

se
le

ni
um

3,
si

lv
er

25
,

su
lfu

r
15

,
te

llu
riu

m
2,

tin
2,

an
d

zi
nc

1.
B
C

10
40

0,
C

10
50

0,
an

d
C

10
70

0
ar

e
ox

yg
en

-f
re

e
co

pp
er

s
w

ith
th

e
ad

di
tio

n
of

a
sp

ec
ifi

ed
am

ou
nt

of
si

lv
er

.
T

he
co

m
po

si
tio

ns
of

th
es

e
al

lo
ys

ar
e

eq
ui

va
le

nt
to

C
10

20
0

pl
us

th
e

in
te

nt
io

na
la

dd
iti

on
of

si
lv

er
.

C
C

11
30

0,
C

11
40

0,
C

11
50

0,
an

d
C

11
60

0
ar

e
el

ec
tr

ol
yt

ic
to

ug
h-

pi
tc

h
co

pp
er

w
ith

si
lv

er
ad

di
tio

ns
.

T
he

co
m

po
si

tio
ns

of
th

es
e

al
lo

ys
ar

e
eq

ui
va

le
nt

to
C

11
00

0
pl

us
th

e
in

te
nt

io
na

la
dd

iti
on

of
si

lv
er

.
D

C
op

pe
r

U
N

S
N

o.
C

12
30

0
is

pr
od

uc
ed

by
th

e
ad

di
tio

n
of

si
lv

er
to

ph
os

ph
or

us
-d

eo
xi

di
ze

d
co

pp
er

.
E
In

cl
ud

es
Te

+
S

n.
F
In

cl
ud

es
C

u
+

A
g

+
S

n
+

Te
+

S
e.

G
C

op
pe

r
sh

al
lb

e
de

te
rm

in
ed

by
di

ffe
re

nc
e

be
tw

ee
n

im
pu

rit
y

to
ta

la
nd

10
0

%
.

H
C

op
pe

r
+

si
lv

er
+

ph
os

ph
or

us
,

m
in

.
I V

al
ue

s
ar

e
m

in
im

um
si

lv
er

Tr
oy

oz
/A

vo
ird

up
oi

s
to

n
(1

oz
/to

n
is

eq
ui

va
le

nt
to

0.
00

34
%

).

B 152/B 152M

2



B 577 Test Methods for Detection of Cuprous Oxide Hy-
drogen Embrittlement Susceptibility in Copper4

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast6

B 846 Terminology for Copper and Copper Alloys4

E 3 Practice for Preparation of Metallographic Specimens6

E 8 Test Methods for Tension Testing of Metallic Materials6

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]6

E 53 Test Method for Determination of Copper in Unal-
loyed Copper by Gravimetry7

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)7

E 112 Test Methods for Determining Average Grain Size6

E 478 Test Methods for Chemical Analysis of Copper
Alloys8

E 527 Practice for Numbering Metals and Alloys (UNS)9

2.2 ASME Standard:
ASME Boiler Pressure Vessel Code10

3. General Requirements

3.1 The following sections of Specification B 248/B 248M
constitute a part of this specification.

3.1.1 Terminology.
3.1.2 Materials and Manufacture.
3.1.3 Sampling.
3.1.4 Number of Tests and Retests.
3.1.5 Specimen Preparation.
3.1.6 Test Methods.
3.1.7 Packaging and Package Marking.
3.1.8 Workmanship, Finish, and Appearance.
3.1.9 Significance of Numerical Limits.
3.1.10 Rejection and Rehearing.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements which supplement those appearing in
Specification B 248/B 248M.

4. Terminology

4.1 Definitions—Terms used in this specification are in
accordance with Terminology B 846 and Specifications B 248
and B 248M.

4.2 Definitions of Terms Specific to This Standard:
4.2.1 capable of—the test need not be performed by the

producer of the material. However, should subsequent testing
by the purchaser establish that the material does not meet these
requirements the material shall be subject to rejection.

5. Ordering Information

5.1 Orders for products under this specification shall
include the following:

5.1.1 ASTM specification designation and year of issue,
5.1.2 Quantity,
5.1.3 Copper UNS No. (Section 1). When Alloys C10400,

C10500, C10700, C11300, C11400, C11600, or C12300, the
amount of silver in ounces per ton,

5.1.4 Temper (Section 7),
5.1.5 Dimensions: thickness, width, and weight (Section

13),
5.1.6 How furnished (straight lengths or coils),
5.1.7 Length (Section 13),
5.1.8 Weight of coils: coil weights or coil size limitations, if

required,
5.1.9 When the product is purchased for agencies of the

U.S. Government,
5.2 The following requirements shall be specified if appli-

cable:
5.2.1 Certification, if required (Section 16),
5.2.2 Mill test report, if required (Section 17),
5.2.3 Resistivity test for Copper UNS Nos. C10100,

C10200, C10300, C11000, or C12000 (Section 12),
5.2.4 Embrittlement test for C10100, C10200, C10300,

C11000, C12000 (Section 11),
5.2.5 Type of edge, if other than slit,
5.2.6 Supplemental requirements for agencies of the U.S.

Government as given in Specification B 248/B 248M.

6. Chemical Composition

6.1 The materials shall conform to the chemical require-
ments prescribed in Table 1.

6.2 These limits do not preclude the presence of other
elements. Limits for unnamed elements may be established and
analysis required by agreement between manufacturer and the
purchaser.

7. Temper

7.1 Rolled Material (H)—The standard tempers of cold-
rolled sheet, strip, plate, and rolled bar copper of all types are
designated as follows (see Practice B 601):

6 Annual Book of ASTM Standards, Vol 03.01.
7 Annual Book of ASTM Standards, Vol 03.05.
8 Annual Book of ASTM Standards, Vol 03.06.
9 Annual Book of ASTM Standards, Vol 01.01.
10 American Society of Mechanical Engineering, Headquarters, Three Park Ave.,

New York, NY 10016–5990.
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Temper Designation
Standard Former

H00 eight-hard,
H01 quarter-hard,
H02 half-hardA

H03 three-quarter-hardA

H04 hardA

H06 extra-hardA

H08 springA

H10 extra-springA

_______________

A Consult suppliers to determine the availability of sheet, plate, and rolled bar in
these tempers.

NOTE 4—Any product produced in a temper other than those listed will
be produced and sold by contract and cannot be said to be produced under
this specification.

7.2 As Hot-Rolled Temper (M20):
7.2.1 The temper of hot-rolled copper sheet and plate shall

be that produced by hot rolling.
7.2.1.1 Plate not specified for ASME Boiler Pressure Vessel

Code applications are generally available in the M20 temper.
7.3 Annealed Temper (O):
7.3.1 The temper of hot-rolled and annealed copper sheet

and plate shall be that produced by hot rolling and subsequent
annealing (O25).

7.3.1.1 Plates specified for ASME Boiler Pressure Vessel
Code applications shall be furnished in the O25 temper.

7.3.2 The standard tempers of cold-rolled annealed copper
sheet, strip, and plate are designated as follows: O60, soft
anneal and O68, deep drawing anneal.

NOTE 5—Soft-anneal temper is suitable for most industrial users of
copper such as forming, spinning, and simple drawing operations in which
close control of temper is not essential. Deep-drawing anneal temper is
especially suited for very severe drawing and forming operations in which
maximum ductility and close control of temper is required.

8. Mechanical Property Requirements

8.1 Tensile Requirements:
8.1.1 The tension test shall be the standard test for all

tempers of cold-rolled, hot-rolled, and hot-rolled and annealed

copper sheet, strip, plate, and rolled bar. Rejection for mechani-
cal properties shall depend on the tensile properties shown in
Table 2 or the elongation values required in 8.1.3 when tested
in accordance with Test Methods E 8 and E 8M.

8.1.2 Test specimens shall be taken to conform, where
applicable, to Section 6 of Test Methods E 8 and E 8M.
Tension test specimens shall be taken so that the longitudinal
axis of such specimens is parallel to the direction of rolling.
Plate item test—five specimens shall be taken either from the
excess portion of the plate or from separate pieces produced
under the same specification and temper.

8.1.3 Hot-rolled and hot-rolled and annealed plates of Cop-
per UNS Nos. C11000 and C12200 shall have 40 % minimum
elongation in 2 in., and hot-rolled and hot-rolled and annealed
plates of Copper UNS No. C14200 shall have 45 % minimum
elongation in 2 in. [50 mm].

8.2 Rockwell Hardness—The approximate Rockwell hard-
ness values for each temper are given in Table 2 or Table 3 for
general information and assistance in testing.

NOTE 6—Rockwell hardness tests offer a quick and convenient method
of checking copper of any temper for general conformity to the require-
ments for tensile strength or grain size.

9. Grain Size for Cold-Rolled Annealed Tempers

9.1 Grain size shall be the standard test for cold-rolled
annealed copper sheet and strip, and acceptance or rejection
shall depend only on the grain size. The test specimen shall be
prepared in accordance with Practice E 3. The average grain
size of each of two samples of annealed material, as deter-
mined on a plane parallel to the surface of the sheet or strip,
shall be within the limits prescribed in Table 3 when tested in
accordance with Test Method E 112.

10. Microscopical Examination

10.1 Samples of Copper UNS Nos. C10100, C10200,
C10300, C10400, C10500, C10700, and C12000 shall be
substantially free of cuprous oxide as determined by Procedure
A of Test Methods B 577. In case of a dispute, a referee method

TABLE 2 Tensile Strength Requirements and Approximate Hardness Values for the Tempers Given

Temper Designation Tensile Strength, ksiA [MPa]
Approximate Rockwell

Hardness

Standard Former Min Max F ScaleB Superficial
30T

Cold-rolled tempers:
H00 Eighth hard 32 [220] 40 [275] 54–82 up to 49
H01 Quarter hard 34 [235] 42 [296] 60–84 18–51
H02 Half hard 37 [255] 46 [315] 77–89 43–57
H03 Three-quarter-hard 41 [285] 50 [345] 82–91 47–59
H04 Hard 43 [295] 52 [360] 86–93 54–62
H06 Extra hard 47 [325] 56 [385] 88–95 56–64
H08 Spring 50 [345] 58 [400] 91–97 60–66
H10 Extra spring 52 [360] ... 92 and over 61 and over

Hot-rolled tempers:
M20C

O25D
Hot-rolled
Hot-rolled and annealed

30E [205]
30E [205]

38 [260]
38 [260]

up to 75
up to 65

up to 41
up to 31

Aksi = 1000 psi.
BRockwell values apply as follows: The F scale applies to metal 0.020 in. [0.50 mm] and over in thickness. The Superficial 30-T scale applies to metal 0.012 in. [0.30

mm] and over in thickness.
CSee Section 7.2.1.1.
DSee Section 7.3.1.1.
EWhen material is specified to meet the requirements of ASME Boiler Pressure Vessel Code, the minimum yield strength at 0.5 % extension under load or at 0.2 % offset

shall be 10 ksi [70 MPa].
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in accordance with Procedure C of Test Methods B 577 shall be
used.

10.2 When Copper UNS Nos. C10800, C12200, or C12300
are supplied, microscopical examination for cuprous oxide is
not required.

11. Hydrogen Embrittlement Susceptibility Test

11.1 Samples of Copper UNS Nos. C10100, C10200,
C10300, C10400, C10500, C10700, C10800, C12000,
C12200, and C12300 shall be capable of passing the embrittle-
ment test of Procedure B of Test Methods B 577. The actual
performance of this test is not mandatory under the terms of
this specification unless definitely specified in the ordering
information. In case of a dispute, a referee method in accor-
dance with Procedure C shall be used.

12. Electrical Resistivity

12.1 When specified in the order, the electrical resistivity
determined on representative samples of Copper UNS Nos.
C10100, C10200, and C11000 shall not exceed the following
limits when tested at a temperature of 20°C:

Condition
Electrical Resistivity,

max, V·g/m2

Soft (annealed)—C10100 0.151 76
Cold-rolled tempers—C10100 0.156 14
Soft (annealed)—C10200, C11000 0.153 28
Cold-rolled tempers—C10200, C11000 0.157 75

12.2 When specified in the order, the electrical resistivity
determined on representative samples of Copper UNS No.
C12000 shall not exceed the following limits when tested at a
temperature of 20°C:

Temper
Electrical Resistivity,

max, V·g/m2

Annealed tempers 0.170 31
Rolled or drawn tempers 0.174 18

NOTE 7—The International Annealed Copper Standard electrical con-
ductivity equivalents are as follows:

Electrical Resistivity,
V·g/m2

Conductivity,
% IACS

0.151 76 101.00
0.153 28 100.00
0.156 14 98.16
0.157 75 97.16
0.170 31 90
0.174 18 88

12.3 Copper UNS Nos. C10300, C14420, and C14530 when
specified at the time of purchase for electrical conductor use

shall meet resistivity requirements as agreed upon between the
manufacturer or supplier and the purchaser.

12.4 The electrical resistivity of the material shall be deter-
mined in accordance with Test Method B 193.

13. Dimensions, Mass, and Permissible Variations

13.1 The dimensions and tolerances for material covered by
this specification shall be as prescribed in the current edition of
Specification B 248 or B 248M, with particular reference to the
dimensions, weights, and permissible variations section and the
following tables of that specification.

13.1.1 Thickness Tolerances.
13.1.2 Width Tolerances.
13.1.2.1Slit Metal and Slit Metal with Rolled Edges.
13.1.2.2Square-Sheared Metal.
13.1.2.3Sawed Metal.
13.1.3 Length Tolerances.
13.1.3.1 Specific and Stock Lengths With and Without

Ends—See 5.4, Table 7.
13.1.3.2Schedule of Lengths(Specific and Stock) With

Ends.
13.1.3.3Length Tolerances for Square-Sheared Metal.
13.1.3.4Length Tolerances for Sawed Metal.
13.1.4 Straightness:
13.1.4.1Slit Metal and Slit Metal Either Straightened or

Edge-Rolled.
13.1.4.2Square-Sheared Metal.
13.1.4.3Sawed Metal.
13.1.5 Weight: Hot-Rolled Sheet and Plate.
13.1.6 Edges.
13.1.6.1Square Edges.
13.1.6.2Rounded Corners.
13.1.6.3Rounded Edges.
13.1.6.4Full-Rounded Edges.

14. Test Methods

14.1 Refer to Specification B 248 for the appropriate me-
chanical test method.

14.2 Chemical composition shall, in case of disagreement
be detrmined as follows:

Element ASTM Test Method

Copper E 53
Phosphorus E 62
Selenium Refer to Annex, Specification B 216
Silver E 478
Tellurium Refer to Annex, Specification B 216
Arsenic E 62

14.2.1 For Copper No. C10100, refer to the Annex of
Specification B 170 for test methods.

14.2.2 Test method(s) for the determination of elements
resulting from contractual or purchaser order shall be as agreed
upon between the manufacture and the purchaser.

15. Inspection

15.1 The manufacturer shall inspect and make tests neces-
sary to verify that the product furnished conforms to the
specified requirements.

15.2 The manufacturer and the purchaser, by mutual agree-
ment, may accomplish the final inspection simultaneously.

TABLE 3 Grain Size Requirements and Approximate
Rockwell Hardness Values for Cold-Rolled Annealed Tempers

Temper Designation Grain Size, mm
Approximate

Rockwell
HardnessA

Standard Former Min Max
F Scale

Min Max
O60 Soft anneal B 65
OS025 Deep-drawing

anneal

B 0.050 30 75

ARockwell hardness values apply as follows: The F scale applies to metal 0.020
in. (0.5 mm) and over in thickness.

BAlthough no minimum grain size is required, this material must be fully
recrystallized.
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16. Certification

16.1 When specified on the purchase order, the manufac-
turer shall furnish to the purchaser a certificate stating that each
lot has been sampled, tested, and inspected in accordance with
this specification and has met the requirements.

16.2 When material is specified to meet the requirements of
ASME Boiler Pressure Vessel Code, the certification require-
ments are mandatory.

17. Mill Test Report

17.1 When specified on the purchase order, the manufac-
turer shall furnish to the purchaser a test report showing results
of tests required by the specification.

18. Keywords

18.1 copper bars; rolled; copper plate; copper sheet; copper
strip

SUMMARY OF CHANGES

This section identifies the principal changes to this specification that have been incorporated since the 1997a
issue as follows:

(1) Deleted mercury in Footnotes E and G in Table 1.
(2) Combined B 152M into this standard.
(3) Editorial revisions and clarification of requirements were
made throughout.
(4) Renaming Section 11 from Embrittlement Test to Hydro-

gen Embrittlement Susceptibility Test to reflect the terminol-
ogy used in Test Methods B 577.
(5) Revised Table 1 to remove unneeded elements, add re-
quired footnotes, and made footnotes match those in compa-
rable tables.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 153 – 91 (Reapproved 2003) e1

Standard Test Method for
Expansion (Pin Test) of Copper and Copper-Alloy Pipe and
Tubing 1

This standard is issued under the fixed designation B 153; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

e1 NOTE—Paragraph 1.2 was updated editorially in January 2004.

1. Scope

1.1 This test method establishes the requirements for the
expansion pin test for copper and copper-alloy pipe and tubing
in sizes up to and including 4 in. (102 mm) in outside diameter.

NOTE 1—For tubes of sizes greater than 4 in. in outside diameter, the
following flattening test, as described in the various pipe and tube
specifications, is recommended as a substitute for the pin expansion test.
For pipe and tubes over 4 in. in outside diameter in the annealed condition,
a 4-in. long shall be cut from the end of one of the tubes. This 4-in. long
sample shall be flattened so that a gage set at three times the wall thickness
will pass over the pipe freely throughout the flattened part. The pipe or
tube so tested shall develop no cracks or flaws visible to the unaided eye
as a result of this test. In making the flattening test, the elements shall be
slowly flattened by one stroke of the press.

NOTE 2—The term “unaided eye,” as used herein, permits the use of
corrective lenses necessary to obtain normal vision.

1.2 Units—The values stated in inch-pound units are re-
garded as standard. The values given in parentheses are
mathematical conversions to SI units that are provided for
information purposes only and are not considered standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Significance and Use

2.1 When properly performed and interpreted, the expan-
sion pin test will provide information with regard to the
capacity of a tube for expansion and to reveal surface defects.
Expansion (pin test) may provide data for research and
development, engineering design, quality control, and accep-
tance or rejections in specifications.

3. Apparatus

3.1 Pin—The conical pin shall have an included angle of
60°, unless provided otherwise in the product specification.
The pin shall be made of carbide or tool steel that has been
hardened and ground to the prescribed angle and shall have a
smooth, polished surface. The size of the pin at the base shall
be suitable for the size of tubing being tested.

3.2 Testing Machine—Any type of testing machine, either
hydraulically or mechanically operated, that will exert pressure
to expand the pipe and tubing on the pin at a uniform rate.

4. Test Specimen

4.1 The specimen of pipe or tubing to be tested shall be of
suitable length so that it can be expanded to the required
amount. Both ends shall either be faced square to the longitu-
dinal axis in a lathe, or suitably prepared so as to have a smooth
surface free from scratches or burrs, which might interfere with
the test.

5. Procedure

5.1 The test specimen shall be wiped clean to remove any
loose chips or dirt from the inside surface. The specimen shall
be well lubricated (Note 3) on the inside surface. The pin (3.1)
for use in the test, as prescribed in the specifications for the
material being tested, shall be wiped clean and free from dirt,
grit, or chips, and coated with lubricant.

NOTE 3—No. 1 lard oil or any extreme pressure lubricating oil is
recommended as a lubricant.

5.2 The test specimen shall be expanded over the pin to the
amount prescribed in the specification. During the expansion
the testing machine shall be operated at a uniform speed or
pressure. The longitudinal axes of the test specimen and the pin
shall coincide. The expanded tube shall be examined with the
unaided eye (Note 2) to determine conformance with the
product specification. Expansion shall be measured on the
outside diameter of the tube.

1 This test method is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.06 on
Methods of Test.

Current edition approved Apr. 10, 2003. Published June 2003. Originally
approved in 1941. Last previous edition approved in 1996 as B 153 – 91 (1996)e1.

1
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5.3 Subject to agreement by the manufacturer and the
purchaser, the test specimen may be expanded by hand-
hammering or by manually or mechanically pressing the pin,
except that in case of dispute another test specimen shall be
expanded as described in 5.2.

5.4 In case there is an indication that the specimen was not
properly prepared or tested, a new specimen from the same
sample shall be selected and tested.

6. Retests
6.1 In case of failure of any specimen a retest shall be

allowed in accordance with the requirements of the specifica-
tion.

7. Precision and Bias

7.1 No statement is made about either the precision or bias
of this test method since the result merely states whether there
is conformance to the criteria for success specified in the
procedure.

8. Keywords

8.1 copper; copper alloy; expansion; pin test; pipe; tube

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 154 – 01

Standard Test Method for
Mercurous Nitrate Test for Copper and Copper Alloys 1

This standard is issued under the fixed designation B 154; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This test method describes the technique for conducting
the mercurous nitrate test for residual stresses in wrought
copper and cast or wrought copper-based alloy products. This
test method is intended to cover the mercurous nitrate test of
certain copper-alloy products supplied in accordance with
ASTM specifications prepared by Committee B05. This test
method is not intended to be used on assembled parts.

NOTE 1—For any particular copper alloy, reference should be made to
the material specification.

1.2 Units—The values stated in SI units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determines the applica-
bility of regulatory limitations prior to use.For specific
precautionary and hazard statements see Sections 1, 6, and 7.
(Warning—Mercury is a definite health hazard in use and
disposal.)

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standards form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:
B 846 Terminology for Copper and Copper Alloys2

D 1193 Specification for Reagent Water3

3. Terminology

3.1 Definitions of terms related to copper and copper alloys,
refer to Terminology B 846.

4. Summary of Test Method

4.1 The prepared test specimen is immersed totally in

mercurous nitrate solution for 30 min at ambient temperature.
Upon removal from the solution, the test specimen is washed
and immediately examined visually for cracks.

5. Significance and Use

5.1 This test method is an accelerated test for detecting the
presence of residual (internal) stresses that might result in
failure of individual parts in storage or in service due to stress
corrosion cracking. This test method is not intended for
assemblies under applied stress. If used for that purpose, the
results shall be for information only and not a cause for
rejection of the assembly, its component parts, or the original
mill product.

6. Reagents and Materials

6.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents conform to the specifications of the Committee on
Analytical Reagent of the American Chemical Society where
such specifications are available.4 Other grades may be used,
provided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without lessening the accuracy of
the determination.

6.2 Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean Type IV reagent water or
better, as defined of Specification D 1193.

6.3 Mercurous Nitrate Solution—The solution shall be an
aqueous mercurous nitrate solution containing 10 g of mercu-
rous nitrate solution (HgNO3) and 10 mL of nitiric acid
(HNO3) (sp gr 1.42) per litre of solution.

6.4 Preparation—The aqueous mercurous nitrate solution
shall be prepared by either of the following procedures, A or B.
Used solutions may be replenished as described in 6.5.

6.4.1 Procedure A—Dissolve 11.4 g of HgNO3·2H2O or
10.7 g of HgNO3·H2O in approximately 40 mL of distilled
water acidified with 10 mL of HNO3 (sp gr 1.42). After the
crystals are completely dissolved, dilute the solution with

1 This test method is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.06 on
Methods of Test.

Current edition approved Oct. 10, 2001. Published December 2001. Originally
published as B 154 – 41 T. Last previous edition B 154 – 95.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 11.01.

4 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, seeAnalar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U.K., and theUnited States Pharmacopeia
and National Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
MD.

1

*A Summary of Changes section appears at the end of this standard.
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water to 1000 mL. (Warning—The mercurous nitrate crystals
are obtainable in both the monohydrate and dihydrate form and
should be handled with caution because of their highly toxic
effects.) (Warning—When weighing crystals, the weight of
the water of crystallization should be taken into consideration.
The mercurous nitrate crystals are photosensitive and when
they have turned yellow are difficult to dissolve.) (Warning—
Care should be exercised when handling and mixing chemi-
cals. Qualified personnel using appropriate chemical-
laboratory techniques should only do the handling and mixing.)

6.4.2 Procedure B—Dissolve 76 g of mercury in 114 mL of
diluted HNO3 (1 part water to 1 part HNO3) (sp gr 1.42).
Carefully dilute with distilled water to 1000 mL. This provides
a concentration of 100 g of HgNO3 after a slight loss due to
heating. Add the water in small portions while stirring to
prevent local overdilution. This gradual dilution, together with
the excess acid, will prevent precipitation of basic salts of
mercury. Dilute 100 mL of this solution (10 %) with 7 mL of
HNO3 (sp gr 1.42) and 893 mL of water. (Warning—Mercury
is a definite health hazard and therefore equipment for the
detection and removal of mercury vapor produced in volatil-
ization is recommended. The use of rubber gloves in testing is
advisable.)

6.5 Replenishment of Solution—The spent solution may be
reclaimed by replenishing the mercurous nitrate solution, to a
1 volume percent concentration, as follows:

6.5.1 Measure 50 mL of the spent HgNO3 solution in a
graduated cylinder.

6.5.2 Transfer to an Erlenmeyer flask, and add 10 mL of
HNO

3
(1 + 1).

6.5.3 Add slowly 1 weight per volume percent potassium
permanganate (KMnO4) solution from a buret with a constant
shaking until there is an excess as indicated by the pink color,
which persists for several minutes.

6.5.4 Add iron (II) sulfate (FeSO4) crystals until the solu-
tion, when shaken, becomes clear. Then titrate the solution
with 0.1 N potassium thiocyanate (KCNS) solution to the
appearance of a reddish brown color. Repeat this procedure
with 50 mL of a standard 1 weight per volume percent of
HgNO3 solution.

6.5.5 The ratio,R, of the number of millilitres of KCNS
solution required to titrate the spent solution, to the number of
millilitres required to titrate the standard solution, determines
the number of millilitres,X, of 10 volume percent HgNO3 in 3
volume percent HNO3 solution required to replenish 1 L of
spent solution. Values ofR andX for a litre volume are given
in Table 1.

7. Hazards

7.1 Warning—Mercury is a definite health hazard in use
and disposal.

7.2 Suggested Mercurous Nitrate Disposal:
7.2.1 To mercurous nitrate solutions add sodium hydroxide

(NaOH) to pH 10 to 11.
7.2.2 Filter precipitated mercury and other heavy metals.
7.2.3 Though the filtrate is low in free mercurous or

mercuric ions, it must be further treated before disposal.
7.2.4 To each litre of filtrate, add two drops (0.1 cm3) of 24

volume percent ammonium sulfide (NH4)2S.

7.2.5 After the second filtering, the filtrate may be dis-
carded.

NOTE 2—If heating is used in either of the previous procedures, the
container should be covered with a watch glass to prevent loss of HNO3

and water to the atmosphere. After solution is complete, use a small
volume of retained dilution water to rinse the watch glass into the
container.

7.2.5.1 Monitor the filtrate to assure it meets appropriate
health safety standards, or is disposed of properly.

7.2.6 The precipitates should be collected and stored with
the mercury-contaminated test samples and sold to a licensed
mercury disposal-service.

8. Sampling and Test Specimen Preparation

8.1 The test specimen shall be prescribed in the specifica-
tion for the material being tested. In the event that a test
specimen size is not prescribed in a given rod, wire, or tube
specification, a full cross-section length of 150 mm shall be
tested.

8.2 The presence of burrs on the test-specimen may con-
tribute to acceleration of stress corrosion cracking if not
removed prior to the mercurous nitrate test.

8.3 The burrs shall be removed by fine file or abrasive paper
to facilitate this test.

NOTE 3—The presence of burrs on the test specimen may contribute to
acceleration of liquid-metal embrittlement of the mercurous nitrate

TABLE 1 Replenishment of Spent Mercurous Nitrate Solution to
1 % Concentration

NOTE 1—X = 111.1 (1 −R)

Where:
R = fraction of mercury remaining in solution (determined by titra-

tion), and
X = number of millilitres of 10 volume percent mercurous nitrate

solution to be added to 1 L of spent mercurous nitrate solution to
raise the concentration of mercurous nitrate to 1 %.

R X R X

0.10 100.0 0.56 48.9
0.12 97.8 0.58 46.7
0.14 95.5 0.60 44.4
0.16 93.3 0.62 42.2
0.18 91.1 0.64 40.0

0.20 88.9 0.66 37.8
0.22 86.7 0.68 35.6
0.24 84.4 0.70 33.3
0.26 82.2 0.72 31.1
0.28 80.0 0.74 28.9

0.30 77.8 0.76 26.7
0.32 75.5 0.78 24.4
0.34 73.3 0.80 22.2
0.36 71.1 0.82 20.0
0.38 68.9 0.84 17.8

0.40 66.7 0.86 15.6
0.42 64.4 0.88 13.3
0.44 62.2 0.90 11.1
0.46 60.0 0.92 8.9
0.48 57.8 0.94 6.7

0.50
0.52
0.54

55.6
53.3
51.1

0.96
0.98

4.4
2.2
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solution, if not removed prior to performance of the test.

9. Procedure

9.1 Degrease the specimen in a suitable alkaline degreasing
solution or organic solvent. If necessary, totally immerse the
specimen in an aqueous solution of 15 volume percent sulfuric
acid (H2SO4) or 40 volume percent nitric acid until all oxides
are completely removed from its surface or pickle in such
solutions as may be prescribed in the specification for the
material being tested. Remove the specimen from the pickling
solution and wash it immediately in running water. Drain the
specimen free of excess water and, at room temperature,
immerse it totally in the mercurous nitrate solution prepared in
accordance with 6.4. Use at least 15 mL of mercurous nitrate
solution per 1000 square millimetres of exposed surface of the
test specimen.

9.2 After 30 min remove the specimen from the mercurous
nitrate solution and wash it in running water. Wipe off any
excess mercury from the surface of the specimen. Immediately

examine it visually for cracks unless a time limitation is
provided in the product specification.

9.2.1 Tested specimens are mercury contaminated and must
be disposed of properly. They may not be included with returns
for remelting or machined into product.

9.2.2 Make sure that rinse water and wiping material are
monitored to ensure that they meet appropriate health safety
standards, or are disposed of properly.

9.3 Do not reuse the solution unless it is replenished to 1 %
in accordance with the procedure in 6.5.

10. Precision and Bias

10.1 No statement is made about the precision or bias of this
test method since the procedure is directed at a subjective
visual interpretation of the condition of the specimen and its
relation to an applicable product specification.

11. Keywords

11.1 mercurous nitrate; residual stresses; stress corrosion

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B154-95)
that may impact the use of this standard.

(1) Added Section 2, Reference Documents, and renumbered
subsequent sections.
(2) Added Section 4, Summary of Test Method, and renum-
bered subsequent sections.

(3) Renamed Mercurous Nitrate Solution (Section 4) to Re-
agents and Materials (Section 6) as outlined in the Blue Book.
Renamed Test Specimen (Section 6) to Sampling and Test
Specimen Preparation (Section 8) as outlined in the Blue Book.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 159/B 159M – 01

Standard Specification for
Phosphor Bronze Wire 1

This standard is issued under the fixed designation B 159/B 159M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for
round, square and flat phosphor bronze wire of UNS Alloy
Nos. C51000, C52100, and C52400 for general and spring
applications.

1.1.1 Rectangular and square wire of the three alloys are
generally available in sizes up to a maximum of 0.188 in. [5
mm] thick and 1.250 in. [32 mm] wide.

1.1.2 Round wire from Copper Alloy UNS No. C51000 is
generally available in sizes up to 0.500 in. [13 mm] in
diameter.

1.2 The values stated in either inch-pound units or in SI
units are to be regarded separately as standard. Within the text,
the SI units are shown in brackets. The values stated in each
system may not be exact equivalents; therefore, each system
shall be used independently of the other. Combining values
from the two systems may result in nonconformance with the
standard.

1.3 Additional requirements for these products are estab-
lished in Specification B 250/B 250M, see Section 3.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

NOTE 1—It is to be understood that this specification is general. Since
the product is used for many applications where the requirements of the
operations used are too particular to be specified by any of the ordinary
mechanical tests, it is frequently advisable to submit samples or drawings
to the manufacturer and secure an adjustment of temper to suit the actual
application for which the product is intended.

NOTE 2—Product in rod, bar and shape form is produced to Specifica-
tion B 139/B 139M.

2. Referenced Documents

2.1 ASTM Standards:
2.1.1 The following documents in the current issue of the

Book of Standards form a part of this specification.

B 139/B 139M Specification for Phosphorus Bronze Rod,
Bar, and Shapes2

B 250/B 250M Specification for General Requirements for
Wrought Copper-Alloy Wire2

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]3

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)4

E 290 Test Method for Bend Testing of Material for Duc-
tility 3

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

3. General Requirements

3.1 The following sections of Specification B 250/B 250M
are a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Test Reports,
3.1.13 Packaging and Package Markings, and
3.1.14 Supplementary Requirements.
3.2 In addition, when a section with a title identical to one

of those referenced in 3.1 appears in this specification, it
contains additional requirements which supplement those ap-
pearing in Specification B 250/250M.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes and Forgings.

Current edition approved Nov. 10, 2001. Published February 2002. Originally
published as B 159 – 41 T. Last previous edition B 159 – 96ae1.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.
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4. Terminology

4.1 For definition of terms related to copper and copper
alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Include the following information when placing orders
for product under this specification.

5.1.1 ASTM designation and year of issue (for example,
B 159/B 159M – XX),

5.1.2 Copper Alloy UNS No. (for example, C51000),
5.1.3 Temper designation (Section 8),
5.1.4 Dimensions (diameter, distance between parallel

faces, and so forth),
5.1.5 Type of edge (square corners, rounded corners, and so

forth),
5.1.6 How furnished (coil spool, reel, specific lengths, and

so forth), and
5.1.7 When product is purchased for agencies of the U.S.

government (Section 11).
5.2 The following options are available under this specifi-

cation and shall be specified in the contract or purchase order
when required:

5.2.1 Heat identification or traceability details,
5.2.2 Certification.
5.2.3 Mill Test Reports, and
5.2.4 Special packaging and package markings.

6. Materials and Manufacture

6.1 Materials:
6.1.1 The material of manufacturer shall be a casting billet

of Copper Alloy UNS No. C51000, C52100, or C52400 of such
purity and soundness as to be suitable for processing into the
products prescribed herein.

6.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

6.2 Manufacture:
6.2.1 The product shall be manufactured by such hot-

working, cold-working, and annealing processes as to produce
a uniform wrought structure in the finished product.

7. Chemical Composition

7.1 The material composition shall conform to the require-
ments of Table 1 for the Copper Alloy UNS No. specified in the
ordering information.

7.1.1 These composition limits do not preclude the presence
of other elements. When required, limits may be established
and analysis required for unnamed elements by agreement
between the supplier and the purchaser.

7.2 Copper listed as the “remainder” is the difference
between the sum of results for all elements determined and
100 %.

7.3 When all elements listed in Table 1 for the Copper Alloy
UNS No. prescribed in the ordering information are deter-
mined, the sum of results shall be 99.5 % min.

8. Temper

8.1 Tempers, as defined in Practice B 601, available under
this specification are O61 (annealed), H01 (1⁄4 hard), H02 (1⁄2
hard), H03 (3⁄4 hard), H04 (hard), H06 (extra hard), H08
(spring), and H10 (extra spring).

8.1.1 Tempers not covered by this specification shall be by
agreement between purchaser and supplier.

NOTE 3—The purchaser shall confer with the supplier for availability of
product in specific alloy, temper, form, and size.

9. Mechanical Property Requirements

9.1 Tensile Requirements:
9.1.1 When tested in accordance with Test Methods E 8 and

E 8M:
9.1.1.1 Round and square wire for general application

produced from Copper Alloy UNS Nos. C51000, C52100, and
C52400 shall conform to the requirements prescribed in Table
2.

9.1.1.2 Round or square wire produced from Copper Alloy
UNS No. C51000 in H08 (spring) temper shall conform to the
requirements prescribed in Table 3.

9.1.1.3 Rectangular wire produced from Copper Alloy UNS
Nos. C51000, C52100, and C52400 shall conform to the
requirements prescribed in Table 4.

10. Performance Requirements

10.1 Bending Requirements:
10.1.1 Wire in sizes up to 0.250 in. [7 mm] inclusive

produced from Copper Alloy UNS No. C51000 shall withstand
being bent cold (room temperature) through an angle of 120°
on a radius equal to the diameter or distance between parallel
surfaces in accordance with Test Method E 290. When so bent,
tempers H08 and H10 shall not develop cracks or other flaws
visible to the unaided eye on the outside surface of the bend.

11. Purchases for U.S. Government

11.1 Product purchased for agencies of the U.S. government

TABLE 1 Chemical Requirements

Copper Alloy UNS No.
C51000 C52100 C52400

Composition, %

Copper, incl silver remainder remainder remainder
Lead, max 0.05 0.05 0.05
Iron, max 0.10 0.10 0.10
Tin 4.2–5.8 7.0–9.0 9.0–11.0
Zinc, max 0.30 0.20 0.20
Phosphorus 0.03–0.35 0.03–0.35 0.03–0.35

TABLE 2 Mechanical Requirements for Round or Square Wire for
General Purposes

Temper Tensile Strength, ksi [Mpa]A

Standard Name
Copper Alloy UNS No.

C51000 C52100 C52400

O61 annealed 43.0–58.0
[295–400]

53.0–68.0
[365–470]

60.0–75.0
[415–515]

H01 quarter-hard 60.0–76.0
[415–525]

74.0–91.0
[510–625]

83.0–102.0
[570–705]

H02 half-hard 80.0–97.0
[550–670]

95.0–115.0
[655–795]

108.0–129.0
[745–890]

H03 three-quarter-hard 96.0–115.0
[660–795]

113.0–135.0
[780–930]

125.0–148.0
[860–1020]

H04 hard 108.0–128.0
[745–880]

125.0–150.0
[860–1035]

135.0–160.0
[930–1100]

H08 spring see Table 3 ... ...
Aksi = 1000 psi.
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shall conform to the additional requirements prescribed in the
Supplementary Requirements section of Specification B 250/
B 250M (see Section 11).

12. Dimensions, Mass, and Permissible Variations

12.1 The dimensions and tolerances for product produced to
this specification shall be as specified in the following tables
and related paragraphs or specified titles found in Specification
B 250/B 250M:

12.1.1 Diameter or Distance Between Parallel Surfaces—
Table 2.

12.1.1.1Thickness—Table 4.
12.1.1.2Width—Table 6.
12.1.1.3Length (Flat Wire Product)—Tables 7 and 8.
12.1.1.4Straightness (Flat Wire Product)— Table 9.
12.1.1.5Edge Contours—Edge Contour section.

13. Test Methods

13.1 Chemical Analysis:
13.1.1 Product composition shall, in case of dispute, be

determined as follows:
Element Test Methods

Copper E 478
Phosphorus E 62
Lead E 478 (AA)
Iron E 478
Zinc E 478 (Titrametric)
Tin E 478

13.1.2 Test method(s) to be followed for the determination
of elements required by contractual or purchase order agree-
ment shall be as agreed upon between the supplier and the
purchaser.

14. Keywords

14.1 phosphor bronze alloy wire; UNS No. C51000 wire;
UNS No. C52100 wire; UNS No. C52400 wire

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 159-96)
that may impact the use of this standard.

(1) Combined Specifications B 159 and B 159M.
(2) Added section on Materials and Manufacture.

(3) Renumbered sections as needed.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 3 Mechanical Requirements for H08 (Spring Temper) UNS
No. C51000 Round or Square Wire

Diameter or Distance Between
Parallel Surfaces, in. [mm]

Tensile Strength,
min, ksi [Mpa]A

Elongation in 2 in.
[50 mm] min, %

0.025 [0.60] and under 145.0 [1000] ...
Over 0.025 to 0.0625

[0.060 to 1.6]
135.0 [930] ...

Over 0.0625 to 0.125 [1.6 to 3.0] 130.0 [890] ...
Over 0.125 to 0.250 [3.0 to 6.0] 125.0 [850] ...
Over 0.250 to 0.375 [6.0 to 10] 120.0 [830] 5.0
Over 0.375 to 0.500

[10 to 16], incl
105.0 [720] 9.0

Aksi = 1000 psi.

TABLE 4 Mechanical Strength Requirements for Flat Wire (Other
Than Square Wire)

Temper Tensile Strength, ksiA

Standard Name
Copper Alloy UNS No.

C51000 C52100 C52400

O61 annealed 43–58
[295–400]

53–67
[365–460]

58–73
[400–505]

H02 half-hard 58–73
[400–505]

69–84
[475–580]

76–91
[525–625]

H04 hard 76–91
[525–625]

85–100
[585–690]

94–109
[650–750]

H06 extra hard 88–103
[605–710]

97–112
[670–770]

107–122
[735–840]

H08 spring 95–110
[655–760]

105–119
[725–820]

115–129
[795–890]

H10 extra spring 100–114
[690–785]

116–122
[800–840]

120–133
[825–920]

Aksi = 1000 psi.
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Designation: B 169/B 169M – 01

Standard Specification for
Aluminum Bronze Sheet, Strip, and Rolled Bar 1

This standard is issued under the fixed designation B 169/B 169M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification2 establishes the requirements for Cop-
per Alloy UNS Nos. C61300 and C61400 aluminum bronze
sheet, strip, and rolled bar.

1.2 The products made to this specification are commonly
used for drawing, forming, stamping, and bending applications
and are not intended for electrical applications.

NOTE 1—The products produced under this general specification may
be used in many applications in which the individual requirements may be
too specific to be determined by normal physical or mechanical testing.
Therefore, it may be advisable for the purchaser to submit samples or
drawings to the manufacturer to be assured that the product furnished is
suitable for the intended application.

NOTE 2—Refer to Specification B 171/B 171M for plate product.

1.3 The values stated in inch-pound or SI units are to be
regarded separately as standard. The values in each system are
not exact equivalents; therefore, each system shall be used
independently of the other. Combining values from the two
systems may result in nonconformance with the specification.

2. Referenced Documents

2.1 The following documents in the current Book of Stan-
dards form a part of this specification to the extent referenced
herein:

2.2 ASTM Standards:
B 171/B 171M Specification for Copper Alloy Plate and

Sheet for Pressure Vessels, Condensers and Heat Exchang-
ers3

B 248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip and Rolled
Bar3

B 248M Specification for General Requirements for
Wrought Copper and Copper-Alloy Plate, Sheet, Strip and
Rolled Bar [Metric]3

B 601 Classification for Temper Designations for Copper

and Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]4

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes5

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric)5

E 290 Test Methods for Bend Testing for Ductility4

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

3. General Requirements

3.1 The following sections of Specifications B 248 or
B 248M form a part of this specification:

3.1.1 Terminology,
3.1.2 Workmanship, Finish and Appearance,
3.1.3 Sampling,
3.1.4 Significance of Numerical Limits,
3.1.5 Inspection,
3.1.6 Rejection and Rehearing,
3.1.7 Certification,
3.1.8 Mill Test Reports,
3.1.9 Packaging and Package Marking,
3.1.10 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements which supplement those appearing in
Specifications B 248 or B 248M.

4. Terminology

4.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Orders for products under this specification should
include the following information:

5.1.1 ASTM designation and year of issue (for example,
B 169/B 169M – 00),

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved April 10, 2001. Published August 2001. Originally
published as B 169 – 41 T. Last previous edition B 169 – 95.

2 For ASME Boiler and Pressure Vessel Codeapplications, see related Specifi-
cation SB-169 in Section II of that code.

3 Annual Book of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 03.05.

1

*A Summary of Changes section appears at the end of this standard.
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5.1.2 Copper Alloy UNS No. (for example, C61300),
5.1.3 Temper (for example, Section 8),
5.1.4 Dimensions, thickness, and width (for example, Sec-

tion 12),
5.1.5 Length,
5.1.6 How furnished, flat or rolls,
5.1.7 Total weight, each size,
5.1.8 When product is purchased forASME Boiler and

Pressure Vessel CodeApplication, and
5.1.9 When product is purchased for agencies of the U.S.

government.
5.2 The following options are available and should be

specified when required:
5.2.1 Type of edge (for example, slit, sheared, sawed, and so

forth),
5.2.2 Heat identification or traceability details,
5.2.3 Bend test,
5.2.4 Certification, and
5.2.5 Mill Test Report.

6. Materials and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be from cast slabs

(also termed cakes or ingots) of Copper Alloy UNS Numbers
C61300 or C61400 of such purity and soundness as to be
suitable for processing into the products prescribed herein.

6.2 Manufacture:
6.2.1 The products shall be manufactured by such hot-

working, cold-working, and annealing processes as to produce
a uniform wrought structure in the finished product. The
product shall be hot or cold rolled to finish gage and subse-
quently annealed, if required, to meet the temper properties
invoked.

6.2.2 Edges:
6.2.2.1 Slit edges shall be furnished unless otherwise speci-

fied in the contract or purchase order.

7. Chemical Composition

7.1 The specified copper alloy shall conform to the require-
ments of Table 1.

7.1.1 These composition limits do not preclude the presence
of unnamed elements. Limits may be established and analysis

required for unnamed elements by agreement between the
supplier and the purchaser.

7.2 When all elements in Table 1 for the specified alloy are
determined, the sum of the results shall be:

Copper Alloy UNS
No.

Sum of Results % min.

C61300 99.8
C61400 99.5

8. Temper

8.1 Products in both alloys are available in the following
tempers as defined in Practice B 601: annealed tempers O25,
O60, and hot-rolled temper M20.

NOTE 3—Inquiry should be made to the supplier concerning the
availability of the specific temper required.

9. Mechanical Property Requirements

9.1 The product furnished shall conform to the requirements
of Table 2 for the specified alloy, temper, and dimensions
prescribed.

10. Bending Requirements

10.1 When specified in the contract or purchase order, the
test specimen shall withstand being bent cold perpendicular to
the direction of rolling (rightway bend) through 120° around a
mandrel whose radius is equal to the thickness of the product.
When the outside surface of the bend is examined with an
unaided eye, no sign of fracturing shall be observed.

11. Purchases for U.S. Government Agencies

11.1 When specified in the contract or purchase order,
product purchased for agencies of the U.S. government shall
conform to the special government stipulations in the Supple-
mentary Requirements section of Specifications B 248 or
B 248M.

12. Dimensions, Mass, and Permissible Variations

12.1 The dimensions and tolerances for material described
by this specification shall be as specified in the current edition
of Specifications B 248 or B 248M.

12.1.1 Thickness
12.1.2 Width:
12.1.2.1Slit Metal and Slit Metal with Rolled Edges
12.1.2.2Square Sheared Metal
12.1.2.3Sawed Metal
12.1.3 Length:
12.1.3.1Length Tolerances for Straight Lengths
12.1.3.2Schedule for Minimum Lengths and Maximum

Weights of Ends for Specific Lengths with Ends, and Stock
Lengths with Ends

12.1.3.3Length Tolerance for Square Sheared Metal
12.1.3.4Length Tolerances for Sawed Metal
12.1.4 Straightness:
12.1.4.1Slit Metal or Slit Metal Either Straightened or

Edge Rolled
12.1.4.2Square Sheared Metal
12.1.4.3Sawed Metal
12.1.5 Edges:

TABLE 1 Chemical Requirements

Element

Composition,%

Copper Alloy UNS No.

C61300A C61400

Copper (including silver) remainder remainder
Lead, max 0.01 0.01
Iron 2.0–3.0 1.5–3.5
Zinc, max 0.10 0.20
Aluminum 6.0–7.5 6.0–8.0
Manganese, max 0.20 1.0
Phosphorus, max 0.015 0.015
Silicon, max 0.10 ...
Tin 0.20–0.50 ...
Nickel (including cobalt), max 0.15 ...

A When the product is for subsequent welding applications and is so specified by
the purchaser, chromium shall be 0.05 % max, cadmium 0.05 % max, zirconium
0.05 % max, and zinc 0.05 % max.
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12.1.5.1Square Edges
12.1.5.2Rounded Corners
12.1.5.3Rounded Edges
12.1.5.4Full Rounded Edges

13. Number of Tests and Retests

13.1 Tests:
13.1.1 Chemical Analysis:
13.1.1.1 Composition shall be determined as the average of

at least two replicate determinations for each element in Table
1 for the specified alloy.

13.1.2 Mechanical Properties:
13.1.2.1 Tensile strength, yield strength, and elongation

shall be reported as the average of results from at least two
specimens.

13.1.3 Bending Requirements:
13.1.3.1 Two specimens shall be tested and both shall pass.
13.2 Retests:
13.2.1 Chemical Analysis:
13.2.1.1 Should the results for one or more of the elements

in the specified alloy fail to conform with the requirements in
Table 1, a retest may be made with a new composite made up
from the pieces originally selected.

13.2.2 Mechanical Properties:
13.2.2.1 Should the test results obtained from the specified

product fail to conform to the requirements of Table 2, a retest
shall be permitted on two specimens made from the remaining
pieces selected.

13.2.3 Referee (Umpire) Tests:
13.2.3.1 Refer to section entitled “Rejection and Rehearing”

in Specifications B 248 or B 248M.

14. Specimen Preparation

14.1 Chemical Analysis:

14.1.1 Preparation of the analytical specimen shall be the
responsibility of the reporting laboratory.

14.2 Mechanical Properties:
14.2.1 Tensile and yield test specimens shall be prepared in

accordance with Test Methods E 8 or E 8M.
14.2.1.1 The tensile test specimen shall be taken so that the

longitudinal axis is parallel to the direction of rolling.
14.3 Bend Test:
14.3.1 Bend test specimens shall be prepared as directed in

Test Method E 290.

15. Test Methods

15.1 Chemical Analysis:
15.1.1 The chemical composition shall be determined, in

case of disagreement, as follows:

Element
ASTM

Method

Copper E 478
Iron E 478
Lead E 478 (AA)
Zinc E 478 (titrimetric)
Aluminum E 478
Manganese E 62
Phosphorus E 62
Silicon E 54 (sulfuric acid)
Tin E 478 (photometric)
Nickel E 478 (photometric)

15.1.2 Test method(s) for the determination of element(s)
required by contractual or purchase order agreement shall be as
agreed upon between the supplier and purchaser.

15.2 Other Tests:
15.2.1 The product furnished shall conform with the me-

chanical and other requirements enumerated in this specifica-
tion when tested in accordance with the following appropriate
method:

TABLE 2 Tensile Requirements

Copper
Alloy

UNS No.

Temper DesignationA

Thickness, in. [mm] Width, in.

Tensile
Strength
min, ksiB

[MPa]

Yield Strength at
0.5 % Extension

Under Load,
min, ksiB [MPa]

Yield Strength at
0.2 % Extension

Under Load,
min, ksiB [MPa]

Elongation
in 2 in., min, %

Standard Former

C61300 O25, O60, or M20 soft 1⁄2 and under
[12.0 and under]

all widths 75 [515] 36 [255] 34 [235] 35

Over 1⁄2 to 2, incl
[Over 12.0 to

50.0, incl]

all widths 72 [495] 32 [220] 30 [210] 35

Over 2 to 5, incl
[Over 50.0 to 140

incl]

all widths 65 [450] 28 [195] 26 [180] 35

C61400 O25, O60, or M20 soft 1⁄2 and under
[12.0 and under]

all widths 72 [495] 32 [220] 30 [205] 35

Over 1⁄2 to 2, incl
[Over 12.0 to

50.0, incl]

all widths 70 [485] 30 [205] 28 [195] 35

Over 2 to 5, incl
[Over 50.0 to 140

incl]

all widths 65 [450] 28 [195] 26 [180] 35

A Standard designations defined in Practice B 601.
B ksi = 1000 psi.
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Test Method

Tensile strength E 8
Yield strength E 8
Elongation E 8
Bending E 290

15.2.1.1 Yield strength shall be determined in accordance
with the “Extension-Under Load Method” of Test Methods
E 8.

15.2.1.2 Elongation shall be determined as specified in the
first two subsections of the section of Test Methods E 8, or
E 8M, entitled “Elongation.”

15.2.1.3 Test results are affected by variations in speed of
testing. A considerable range of testing speed is permitted. The

rate of stressing to the yield strength should not exceed 100
ksi/min [690 MPa/min.]. Above the yield strength, the move-
ment per minute of the testing machine head under load should
not exceed 0.5 in./in [0.5 mm/mm].

16. Certification

16.1 When the contract or purchase order specifies the
product to be for ASME Boiler and Pressure Vessel applica-
tion, certification is mandatory.

17. Keywords

17.1 aluminum bronze; aluminum bronze rolled bar; alumi-
num bronze sheet; aluminum bronze strip

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the March 1995
publication that may impact the use of this standard.

(1) A section on Keywords has been added.
(2) B 169 and B 169M have been combined into one

specification.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 170 – 99 (Reapproved 2004)

Standard Specification for
Oxygen-Free Electrolytic Copper—Refinery Shapes 1

This standard is issued under the fixed designation B 170; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes the requirements for two
grades of oxygen-free electrolytic copper wire bars, billets, and
cakes produced without the use of metallic or metaloidal
deoxidizers.

1.2 Oxygen-free copper, as described herein, is defined as
copper containing oxygen not in excess of 0.0010 % (10 ppm).

1.2.1 Grade 1 copper (UNS C10100) corresponds to the
designation OFE in Classification B 224.

1.2.2 Grade 2 copper (UNS C10200) corresponds to the
designation OF in Classification B 224.

1.2.3 Grade 2 copper may be used to produce OFS desig-
nation coppers corresponding to UNS C10400, C10500, and
C10700.

1.3 Although this specification includes certain UNS desig-
nations as described in Practice E 527, these designations are
for cross reference only and are not specification requirements.
In case of conflict, Specification B 170 shall govern.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only, except for analytical measurements where SI
units are the norm.

1.5 The following hazard caveat pertains only to Section 13
and Annex A1, of this specification.This standard does not
purport to address all of the safety concerns, if any, associated
with its use. It is the responsibility of the user of this standard
to establish appropriate safety and health practices and
determine the applicability of regulatory limitations prior to
use.

2. Referenced Documents

2.1 ASTM Standards:2

B 5 Specification for High Conductivity Tough-Pitch Cop-
per Refinery Shapes

B 193 Test Method for Resistivity of Electrical Conductor
Materials

B 224 Classification of Copper
B 577 Test Methods for Hydrogen Embrittlement of Copper
B 846 Terminology for Copper and Copper Alloys
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 50 Practices for Apparatus, Reagents, and Safety Precau-

tions for Chemical Analysis of Metals
E 53 Test Methods for Determination of Copper in Unal-

loyed Copper by Gravimetry
E 76 Test Methods for Chemical Analysis of Nickel-Copper

Alloys3

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition

E 527 Practice for Numbering Metals and Alloys (UNS)

3. Terminology

3.1 Definitions:
3.1.1 Definition of terms used shall be that found in Clas-

sification B 224 and Terminology B 846.

4. Ordering Information

4.1 Orders for material shall include the following informa-
tion:

4.1.1 ASTM designation and year of issue,
4.1.2 Grade,
4.1.2.1 Grade 1 copper, (UNS C10100), corresponds to the

designation OFE in Classification B 224,
4.1.2.2 Grade 2 copper (UNS C10200), corresponds to the

designation OF in Classification B 224,
4.1.3 Shape and size, and
4.1.4 Quantity.
4.2 The following options are available and should be

specified at time of order when required:
4.2.1 Certification,
4.2.2 Test reports,
4.2.3 Piece identification,
4.2.4 The amount of silver required in troy oz/short ton for

silver bearing (OFS) coppers,

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.07 on
Refined Copper.

Current edition approved May 1, 2004. Published June 2004. Originally
approved in 1942. Last previous edition approved in 1999 as B 170 – 99.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website. 3 Withdrawn.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



4.2.4.1 The addition of silver up to an average of 30 troy
oz/short ton (0.102 %) will be considered within the specifi-
cation, with no individual silver analysis to exceed 35 troy
oz/short ton (0.12 %), and

4.2.4.2 Copper with added silver corresponds to the desig-
nation OFS as shown in Classification B 224 and to coppers
UNS C10400, C10500, and C10700 as defined by the agreed
silver content.

5. Chemical Composition

5.1 The composition of each grade shall be in accordance
with the requirements of Table 1.

5.2 By agreement between purchaser and supplier, analysis
may be required and limits established for elements not
specified in Table 1.

6. Physical Properties

6.1 Electrical Resistivity:
6.1.1 The maximum mass resistivity for Grade 1 is 0.15176

V g/m2 (conductivity 101 %, minimum, International An-
nealed Copper Standards, (IACS).

6.1.2 The maximum mass resistivity for Grade 2 is 0.15328
V g/m2 (conductivity 100 %, minimum, IACS).

6.2 Embrittlement Test:
6.2.1 Grade 1 shall withstand tenreversebends without

breaking, in accordance with Test Method D of Test Methods
B 577.

6.2.2 Grade 2 shall withstand eightreversebends without
breaking in accordance with Test Method D of Test Methods
B 577.

7. Dimensions, Mass, and Permissible Variations

7.1 Standard Shapes and Sizes—The copper shall be sup-
plied in the form of wire bars, cakes, and billets (Note 1).

NOTE 1—For available shapes and sizes consult the manufacturer’s
published list.

7.1.1 Wire bars covered by this specification do not conform
in dimension to Specification B 5.

7.2 Wire Bars:
7.2.1 A variation of 5 % in weight, or
7.2.2 A variation of1⁄4 in. (6.4 mm) in height, or width, or

both, or
7.2.3 A variation of 1 % in length from the purchaser’s

specification shall be considered good delivery.
7.3 Cakes:
7.3.1 A variation of 5 % in weight, or
7.3.2 A variation of1⁄4 in. (6.4 mm) in height or width, or

both, from the purchaser’s specification shall be considered
good delivery.

7.3.3 Cakes may vary by 3 % from any listed or specified
dimension greater than 8 in. (203 mm).

7.4 Billets:
7.4.1 For billets up to 6 in. (152.4 mm) in diameter, a

variation of 5 % in weight and61⁄16 in. (1.6 mm) in diameter
from the purchaser’s specification shall be considered good
delivery.

7.4.2 For billets 6 in. (152.4 mm) and over in diameter, the
diameter tolerance shall be +1⁄16 , −1⁄8 in. (+1.6 mm, −3.2 mm)
for good delivery.

7.4.3 By agreement between the manufacturer and the
purchaser a diameter tolerance of +0 in., −3⁄16 in. (+0 mm, −4.8
mm) may be specified for billets 6 in. and over in diameter.

7.4.4 Billets varying in length by62 % from the listed or
specified length shall be considered good delivery.

7.4.5 Billets shall be straight within1⁄4 in. (6.4 mm) in 4 ft
(1.22 m) as measured at the center of the billet.

7.4.6 Billets shall not be cupped except by specific agree-
ment at time of purchase.

8. Workmanship, Finish and Appearance

8.1 Wire Bars, Billets, and Cakes—Shall be substantially
free of shrink holes, porosity, cracks, cold sets, pits, inclusions,
and similar defects.

9. Sampling

9.1 For routine sampling, the method of sampling shall be at
the discretion of the sampler.

9.2 In the case of special requirements specified in the
purchase order or contract, the method of sampling shall be as
agreed upon between the producer, or supplier, and the
purchaser.

9.3 In case of dispute, a sampling lot shall consist of all
pieces in a shipment manufactured during a single production
period as defined and recorded by the manufacturer.

9.4 Chemical Composition—In case of dispute concerning
chemical composition, each party shall select two pieces from
the lot to be investigated.

9.4.1 Each of the four selected pieces shall be sampled in
the presence of both parties by drilling five holes, approxi-
mately1⁄2 in. (12.7 mm) in diameter, at points equally spaced
between the ends of the pieces.

9.4.2 For wire bars or billets, these holes shall be along an
approximate center line, and with cakes, along an approximate
diagonal line between opposite corners.

9.4.3 The drilling shall be completely through each piece.
Surface drillings shall be rejected.

TABLE 1 Chemical Composition A

Element Grade 1 Grade 2

Copper, min % 99.99B . . .
Copper (including silver), min % . . . 99.95

ppm, max ppm, max
Antimony 4 . . .
Arsenic 5 . . .
Bismuth 1 . . .
Cadmium 1 . . .
Iron 10 . . .
Lead 5 . . .
Manganese 0.5 . . .
Nickel 10 . . .
Oxygen 5 10
PhosphorusC 3 . . .
Selenium 3 . . .
Silver 25 . . .
Sulfur 15 . . .
Tellurium 2 . . .
Tin 2 . . .
Zinc 1 . . .

A Analytical uncertainty is not incorporated into the specified limits.
B Copper is determined by the difference of impurity total from 100.
C Refer to Section 13.
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9.4.3.1 The drill bit used shall be thoroughly cleaned prior
to use. The bit shall be made from a noncontaminating
material.

9.4.3.2 No lubricant shall be used, and the drill shall not be
forced sufficiently to cause oxidation of the drillings.

9.4.4 In case of a section more than 5 in. (125 mm) in
thickness, drillings may be made from opposite sides for a
depth of not less than 2 in. (51 mm) in each direction instead
of completely through each piece, but, in other respects, the
drillings shall be conducted as previously described.

9.4.5 The drillings from each of the four pieces are indi-
vidually mixed and divided into three approximately equal
portions.

9.4.5.1 Each portion shall be placed in a sealed, noncon-
taminating, package, and

9.4.5.2 The twelve portions shall be individually identified,
and

9.4.5.3 Divided into three groups of four portion each, one
portion from each of the original four pieces; one group each
for the manufacturer, the purchaser, and the umpire, if neces-
sary.

9.4.6 Sampling of individual pieces weighing over 1000 lb
(453 kg) shall be by agreement between manufacturer and the
purchaser.

9.5 Oxygen—In case of dispute concerning oxygen content,
each party shall select two pieces from the lot to be investi-
gated.

9.5.1 Each of the four selected pieces shall be sampled in
the presence of both parties. A single piece of adequate size
shall be cut from each of the four pieces by mutually agreeable
means.

9.5.2 Each piece shall be cut into three approximately equal
portions. The twelve portions thus obtained shall be individu-
ally identified.

9.5.3 The twelve portions shall be divided into three groups
of four portions each, one from each of the original four pieces;
one group each for the manufacturer, the purchaser, and the
umpire, if necessary.

9.6 Resistivity—In case of dispute concerning mass resis-
tivity, each party shall select two pieces from the lot.

9.6.1 In the presence of both parties, and by mutually
agreeable means, a single sample of adequate size shall be cut
from each of the four pieces and fabricated into a wire.

9.6.2 Each coil shall be cut into three portions of approxi-
mately equal length, and the twelve portions thus obtained
shall be individually identified.

9.6.3 The twelve wires shall be divided into three groups of
four wires each, one from each of the four original selected
pieces; one group each for the manufacturer, the purchaser, and
the umpire, if necessary.

9.7 Embrittlement—In case of dispute concerning freedom
from embrittlement, sampling shall be described in 9.6.

9.8 Variation in Weights or Dimensions—In case of dispute
concerning weights or dimensions, the representative of the
manufacturer and purchaser shall inspect all pieces where
physical defects or variations in weights are claimed. If such

inspection is not practical, or if agreement is not reached, the
question of fact shall be submitted to a mutually agreeable
umpire.

10. Number of Tests and Retests

10.1 Number of Tests:
10.1.1 The chemical composition, except for oxygen, shall

be determined as the mean of the observations from three
replicate analyses of each of the four portions.

10.1.2 The oxygen content shall be determined as the mean
of the results from the four test specimens.

10.1.3 The mass resistivity shall be determined as the mean
of the results from the four test specimens.

10.1.4 The freedom from embrittlement shall be determined
as the mean of the results from the four test specimens.

10.2 Retest:
10.2.1 In case of dispute one retest may be made by the

manufacturer or the purchaser or both, under the conditions of
10.1.

10.3 Umpire Test:
10.3.1 In the case where the retest does not settle the

dispute, a second retest may be made by a third qualified
laboratory agreeable to the manufacturer and the purchaser.
The second retest shall be made on the samples set aside for
this purpose.

10.3.2 The umpire provision does not preclude other ar-
rangements, by agreement or contract.

11. Specimen Preparation

11.1 Oxygen:
11.1.1 The test specimen shall originate as a single piece of

appropriate size cut from a bar, cake, or billet from which a
0.25-in. (6.4-mm) test cube specimen is fabricated by means
agreeable to the manufacturer and the purchaser.

11.1.2 The test specimen shall be etched with a solution of
nitric acid (HNO3) (1+1) for a time sufficient to produce a
visible reaction.

11.1.3 The test specimen is removed from the acid with
stainless steel, or platinum tipped, tongs, or forceps, and rinsed
four times with distilled or deionized water.

11.1.4 The test specimen is covered with concentrated
hydrochloric acid (HCl) for 5 min, rinsed four times with
water, blotted dry, dipped in acetone, and allowed to air dry.

11.1.5 The test specimen is weighed to the nearest 0.1 mg
and analyzed in a properly calibrated oxygen analyzer.

11.2 Resistivity:
11.2.1 Each test specimen shall originate as a single piece of

appropriate size cut from a bar, cake, or billet. The specimen
shall be forged or hot rolled.

11.2.2 The external oxide shall be removed and the speci-
men cold drawn into a wire approximately 0.080 in. (2.03 mm)
in diameter.

11.2.3 The wire shall be annealed in an inert atmosphere at
approximately 500°C (932°F) for 30 min and cooled to
ambient temperature in the same inert atmosphere.

11.3 Embrittlement (Bend):
11.3.1 Each specimen shall originate as a single piece of

appropriate size cut from a selected bar, cake, or billet. The
specimen shall be forged or hot rolled.
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11.3.2 The external oxide shall be removed and the speci-
men cold drawn into a wire approximately 0.080 in. (2.03 mm)
in diameter.

11.3.3 The wire shall be annealed in an atmosphere contain-
ing not less than 10 % hydrogen for 30 min at 8506 25°C
(1517 to 1607°F) and cooled to ambient temperature in the
same atmosphere.

12. Test Methods

12.1 For routine analysis, the analytical test method shall be
at the discretion of the analyst.

12.2 In the case of special requirements specified in the
purchase order or contract, the methods of analysis used shall
be as agreed upon between the producer, or the supplier, and
the purchaser.

12.3 In case of dispute concerning the chemical composi-
tion of Grade 1, except for phosphorus, oxygen, and sulfur, the
method of analysis shall be by electrothermal atomization
atomic absorption spectrometer with background correction
capability as described in the annex.

12.4 In case of dispute concerning the copper content of
Grade 1, copper shall be determined by difference of “impurity
total” from 100 %.

12.4.1 impurity total—defined as the sum of antimony,
arsenic, bismuth, cadmium, iron, lead, manganese, nickel,
oxygen, phosphorus, silver, selenium, sulfur, tellurium, tin, and
zinc.

12.5 Phosphorous is normally determined by the optical
emission spectroscopy technique. Therefore, in case of dispute
concerning the phosphorous content, reference material for
instrument calibration shall be by agreement between the
producer, or the supplier, and the purchaser in the absence of
suitable standard reference materials from the National Insti-
tute of Standards and Technology.

12.6 In case of dispute concerning the oxygen content of
Grade 1 or Grade 2, the method of analysis shall be by the
conductometric method, the vacuum fusion method, or the
inert gas fusion technique, described in the annex.

12.7 In case of dispute concerning the sulfur content of
Grade 1, the method of analysis shall be by induction furnace
combustion and infrared detection instrumentation in accor-
dance with the test method described in the annex, or by
agreement between the manufacturer or supplier and the
purchaser, or by the direct combustion method described in
Test Methods E 76.

12.8 In case of dispute concerning copper content of Grade
2, the method of analysis shall be the electrolytic determination
of copper method in Test Methods E 53.

12.9 Resistivity—In case of dispute concerning the electri-
cal resistivity, the test method shall be in accordance with Test
Method B 193.

12.10 Embrittlement—As required in 6.2, freedom from
embrittlement shall be determined by lightly clamping each of
the four test specimens, individually, between jaws having a
radius of 0.200 in. (5.1 mm).

12.10.1 The specimen shall then be bent by hand over one
edge through an angle of 90° and returned to its original
position, this constitutes one bend.

12.10.2 The specimen shall then be bent in the reverse
direction through 90° and returned to its original position, this
constitutes a second bend.

12.10.3 Each successive bend shall be made in the opposite
direction of the previous bend until the test is completed.

13. Significance of Numerical Limits

13.1 For purposes of determining conformance with this
specification, an observed value obtained from analysis shall
be rounded to the nearest unit in the last right-hand place of
figures used in expressing the limiting value in accordance with
Practice E 29.

14. Inspection

14.1 The manufacturer shall inspect and make tests neces-
sary to verify that the product furnished, conforms to the
specified requirements.

14.2 The manufacturer and the purchaser, by mutual agree-
ment, may accomplish the final inspection simultaneously.

15. Rejection and Rehearing

15.1 Rejection:
15.1.1 Product that fails to conform to the specification

requirements when tested by the purchaser or purchaser’s agent
may be rejected.

15.1.2 Rejection shall be considered as follows:
15.1.2.1 Chemical composition, embrittlement, or resistiv-

ity by lot,
15.1.2.2 Variation in weight, dimensions, and workmanship

by individual pieces,
15.1.3 Rejection shall be reported to the manufacturer or

supplier promptly, and in writing, and
15.1.4 In case of dissatisfaction with results of the test upon

which rejection is based, the manufacturer or supplier may
make claim for a rehearing.

15.2 Rehearing—As a result of product rejection, the manu-
facturer or supplier may make claim for a retest to be
conducted by the manufacturer or supplier and the purchaser.
Samples of the rejected product shall be taken in accordance
with the product specification and subjected to test by both
parties using the test method(s) specified therein, or alterna-
tively, upon agreement by both parties, an independent labo-
ratory may be selected for the test(s) using the test methods
specified in the specification.

16. Certification

16.1 When specified in the purchase order or contract, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met.

16.2 When specified in the purchase order the certificate of
compliance shall include the statement, “The material fur-
nished on this purchase order does not contain functional
mercury in any form.”

17. Test Report

17.1 When specified in the contract or purchase order, a
report of test results shall be furnished.
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18. Product Marking

18.1 Each wire bar, billet, and cake shall be stamped with
the manufacturer’s brand and with an identifying number.

19. Packaging and Package Marking

19.1 The manufacturer shall arrange rail car loads, truck
loads, or other shipping units so that, as far as possible, each
shipping unit shall contain pieces bearing a single identifying
lot number.

19.2 In case of dispute, a lot shall consist of all pieces of the
same shape and size bearing the same identifying number.

20. Keywords

20.1 billets; cakes; oxygen free; refinery shapes; silver
containing; wire bars

ANNEX

(Mandatory Information)

A1. TEST METHODS FOR DETERMINATION OF COMPLIANCE WITH CHEMICAL COMPOSITION
REQUIREMENTS OF SPECIFICATION B 170 FOR OXYGEN-FREE ELECTROLYTIC

COPPER-REFINERY SHAPES

A1.1 Scope

A1.1.1 These test methods cover the chemical analysis of
oxygen-free electrolytic copper for the elements with the
specified limiting value stated in Table 1 of Specification B
170.

A1.1.2 These test methods may involve hazardous materi-
als, operations, and equipment. These test methods do not
purport to address all of the safety concerns associated with
their use. It is the responsibility of the user of these test
methods to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to their use.Special hazard statements are given in A1.11,
A1.24, and A1.36.

A1.1.3 These test methods are arranged as follows:

Sections
Antimony, Arsenic, Bismuth, Cadmium, Iron Lead,
Manganese, Mercury, Nickel, Selenium, Silver,
Tellurium, Tin, and Zinc by Electrothermal Atomization
Atomic Absorption Spectrometry

A1.7-A1.17

Oxygen by Inert Gas Fusion Principle and Thermal
Conductivity or Infrared Detector

A1.18-A1.30

Sulfur by Combustion and Infrared Detector A1.31-A1.42

A1.2 Significance and Use
A1.2.1 These test methods are primarily intended to test

oxygen-free copper for compliance with chemical composition
requirements of Specification B 170. It is assumed that all who
use these test methods will be trained analysts capable of
performing common laboratory procedures skillfully and
safely. It is expected that work will be performed in a properly
equipped laboratory.

A1.3 Apparatus
A1.3.1 Apparatus required for each determination are listed

in separate sections preceding the procedure.

A1.4 Reagents and Material
A1.4.1 Reagents and materials required for each test

method are listed in a separate section in the test method.

A1.5 Sampling
A1.5.1 In the absence of specific specification requirements,

sampling shall be in accordance with Practice E 255.

A1.6 Rounding Calculated Values
A1.6.1 Calculated values shall be rounded to the desired

number of places as directed in Practice E 29.

TEST METHOD FOR ANTIMONY, ARSENIC, BISMUTH, CADMIUM, IRON, LEAD, MANGANESE,
NICKEL, SELENIUM, SILVER, TELLURIUM, TIN, AND ZINC BY ELECTROTHERMAL

ATOMIZATION ATOMIC ABSORPTION SPECTROSCOPY

A1.7 Scope

A1.7.1 This test method covers the determination of anti-
mony, arsenic, bismuth, cadmium, iron, lead, manganese,
nickel, selenium, silver, tellurium, tin, and zinc in oxygen-free
electrolytic copper.

A1.8 Summary of Test Method

A1.8.1 The test sample is dissolved in HNO3 and the
solution diluted to a known volume. An aliquot is introduced

into an electrothermal atomic absorption spectrometer with
background correction capability. The absorption of the reso-
nance line energy from the spectrum of the element is
measured and compared with that of calibration solutions of
the same element in a matched matrix.

A1.9 Significance and Use

A1.9.1 This test method is intended to test oxygen-free
electrolytic copper for compliance with antimony, arsenic,
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bismuth, cadmium, iron, lead, manganese, nickel, selenium,
silver, tellurium, tin, and zinc requirements of this specifica-
tion.

A1.10 Interferences

A1.10.1 Elements normally present in oxygen-free electro-
lytic copper do not interfere.

A1.11 Hazards

A1.11.1 Warning:
A1.11.1.1 The ultraviolet radiation must be shielded at all

times to prevent eye damage.
A1.11.1.2 Arsenic trioxide (As2O3) is a hazardous reagent

and may be fatal if swallowed. Avoid inhalation and prolonged
or repeated skin contact.

A1.11.1.3 Cadmium and cadmium compounds are poten-
tially hazardous reagents. Avoid ingestion or inhalation.

A1.11.1.4 Tellurium and tellurium compounds are hazard-
ous reagents and may be fatal if ingested. Avoid inhalation and
prolonged or repeated skin contact.

A1.11.1.5 Selenium and selenium compounds are poten-
tially hazardous reagents. Avoid ingestion, inhalation, or pro-
longed and repeated skin contact.

A1.11.1.6 For other specific hazards refer to Practices E 50
A1.11.2 Technical Hazards:Warning:
A1.11.2.1 It is essential that acids and water be carefully

checked for purity to avoid contamination from this source.
A1.11.2.2 Laboratory glassware should be thoroughly

cleaned, soaked in HNO3 (1 + 10) for several hours, and
rinsed, prior to use. Avoid previously etched glassware.

A1.11.2.3 Effects of nonspecific absorption and light scat-
tering must be compensated by matrix matching of calibration
solutions and background correction.

A1.11.2.4 Matrix modifiers: The copper matrix reduces loss
for most elements during the char step. Modifiers such as
magnesium nitrate may be found useful to further stabilize
elements like cadmium, nickel, and tin and ammonium hydrox-
ide for manganese.

A1.11.2.5 Should lack of homogeneity be suspect in the test
material, a 10 g sample, weighed to the nearest 1 mg should be
taken and diluted to 1 L with the appropriate amount of acid.

A1.11.2.6 The lower limit of elemental determination is
affected by the residual level of the element in the copper.

A1.11.2.7 Optimum settings for operating parameters vary
instrument to instrument, and must be experimentally estab-
lished for a particular instrument.

A1.12 Apparatus

A1.12.1 Atomic Absorption Spectrometer and Electrother-
mal Atomizer—The instrument shall be equipped with a
background corrector and high-speed read-out electronics, or a
high-speed recorder, or both. The instrument should be capable
of using single-element hollow cathode lamps or electrodeless
discharge lamps. Follow the manufacturer’s manual for instal-
lation and system operation.

A1.12.2 Graphite Tubes—Pyrolytically coated graphite
tubes and l’vov platforms for use in the electrothermal atom-
izer.

A1.12.3 Micropipets—5 to 250 µL.
A1.12.3.1 The analytical lines are:

Element Wavelength, nm
Antimony 217.6
Arsenic 193.9
Bismuth 223.0
Cadmium 228.8
Iron 248.3
Lead 283.3
Manganese 279.5

232.0
Selenium 196.0
Silver 321.8
Tellurium 214.3
Tin 224.6
Zinc 213.8

A1.12.4 Operating Parameters—Determine the sample size
and optimum electrothermal atomizer parameters for the type
of atomizer used as recommended by the instrument manufac-
turer.

A1.13 Reagents and Materials

A1.13.1 Reagents:
A1.13.1.1 Acids—acids, hydrochloric (HCl) and nitric

(HNO3), should be carefully checked for purity to ensure they
do not contaminate the analysis.

A1.13.1.2 Water—The quality of the water should be care-
fully checked for purity to ensure it does not contaminate the
analysis.

A1.13.1.3 Argon—purity: 99.98 %, minimum.
A1.13.1.4 Copper Solution (1 mL = 50 mL Cu)—Transfer

10 g of certified high purity copper (National Institute of
Standards and Technology, Standard Reference Material,
(NIST SRM) 393 or equivalent) into a 250-mL beaker. Add 25
mL water and 25 mL HNO3 in 5-mL increments. After the last
increment addition, heat gently to dissolve the copper and
expel the brown fumes. Cool, transfer to a 200-mL volumetric
flask, dilute to volume with HNO3(1+1) and mix.

A1.13.1.5 Standard solutions for calibration purposes shall
be made in accordance with Table A1.1.

A1.14 Calibration

A1.14.1 Calibration Solutions—Using micropipets, transfer
to individual 100-mL volumetric flasks the volume of each
standard solution as indicated as follows:

Flask No. µL

ppm: arsenic, antimony,
bismuth, cadmium, iron,
lead, manganese, nickel,
silver, selenium, tellurium,

and zinc
1 5 0.5
2 10 1.0
3 25 2.5
4 50 5.0
5 100 10.0
6 250 25.0

and with the following:
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Flask No. µL

ppm: As, Sb, Bi, Cd, Fe,
Pb, Mn, Ni, Se, Sn,

Te, and Zn
7 5 0.5
8 10 1.0
9 25 2.5
10 50 5.0
11 100 10.0
12 250 25.0

A1.14.1.1 Add 20 mL of the copper standard solution to
each flask in both sections, dilute to volume, and mix. Known
impurities in the copper standard solution must be considered
when determining final specific element ppm concentration in
both sections.

A1.14.2 Calibration:
A1.14.2.1 Instrument parameters: (a) Set the required in-

strument parameters and align the electrothermal atomizer
according to the manufacturer’s recommendation and (b)
Determine the optimum electrothermal atomizer parameters for
the particular type atomizer and sample size as recommended
by the instrument manufacturer.

A1.14.2.2 Spectrometry:
(1) Zero the instrument, or set the base line on the recorder,

or both.
(2) Check the zero stability and lack of spectral interference

within the atomization system by running the preset heating
program for blank firing of the electrothermal atomizer. Repeat
to ensure baseline stability.

(3) Inject and atomize the calibration solutions in the order
of increasing concentrations. Inject each solution three times
and record the readings. Should good replication not be
achieved, repeat the process.

(4) Check for memory effects by running the blank firing
program and reset the zero, or baseline, if necessary.

(5) Plot the average reading from each calibration versus
concentration of the analyte in the calibration solution.

(6) For systems with direct instrument calibration, a suffi-
cient number of each calibration solutions should be injected
and atomized to determine the proper calibration has been
achieved.

A1.15 Procedure

A1.15.1 Dissolve a 1 gsample, weighed to the nearest 1 mg,
in a 100-mL beaker with 20 mL HNO3 (1+1). Heat gently to
dissolve the copper and expel the brown fumes. Transfer to a
100-mL volumetric flask. Cool, dilute to volume and mix.

A1.15.2 Ensure that the test solution is within 1°C of the
calibration solutions. Inject and atomize the test solution for
three readings and record the observations.

A1.16 Calculation

A1.16.1 Calculate the concentration of each element to be
determined using the analytical curves prepared in (5) in the
Calibration Section.

A1.16.2 Systems with direct reading capability will provide
results in the calibration concentration units.

A1.17 Precision and Bias

A1.17.1 Precision—The precision of this test method is
dependent upon sample preparation care and preciseness of
calibration.

A1.17.2 Bias—The accuracy of this test method is depen-
dent to a large extent upon the care with which the calibration
solutions are prepared as well as the purity of the reagents
used.

TABLE A1.1 Calibrated Solutions

Standard SolutionA Reagent Purity Weight, g
Dissolution
Reagent

mL

AntimonyB Potassium Antimony Tartrate, (KSbC4H4O7 · 1⁄2 H2O) 99.9 0.2740 250
ArsenicC Arsenic Trioxide, (As2O3) 99.9 0.1320 Water 50

Potassium Hydroxide, (KOH) 1 or 2 Pellets
BismuthC Bismuth Metal 99.9 0.050 HNO3 (1+3) 10
CadmiumC Cadmium Metal 99.9 0.050 HNO3 10
IronC Iron Metal 99.9 0.050 HNO3 10
LeadC Lead Metal 99.9 0.050 HNO3 10
ManganeseC Manganese Metal 99.9 0.050 HNO3 10
NickelC Nickel Metal 99.9 0.050 HNO3 (1+1) 20
SeleniumD Selenium Dioxide, (SeO2) 99.9 0.0703 Water 50
SilverC Silver Metal 99.9 0.050 HNO3 (1+1) 20
TelluriumC Tellurium Metal 99.9 0.050 HNO3 10
TinE Tin Metal 99.9 0.050 HCl (1+2) 75
ZincC Zinc Metal 99.9 0.050 HNO3 10

A 1 mL of Standard Solution = 0.1 mg of element.
B After dissolution of salt, transfer to a 500-mL volumetric flask, dilute to volume, and mix.
C Heat gently to dissolve the salt or metal and expel fumes, if any. Cool, transfer to a 500-mL volumetric flask. Add 50 mL HNO3, dilute to volume, and mix.
D After dissolution of the salt, transfer to a 500-mL volumetric flask. Add 50 mL HNO3, dilute to volume, and mix.
E Heat gently to dissolve the metal. Cool, transfer to a 500-mL volumetric flask, dilute to volume, and mix.
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TEST METHOD FOR OXYGEN BY INERT GAS FUSION PRINCIPLE AND THERMAL CONDUCTIVITY
OR INFRARED DETECTOR

A1.18 Scope

A1.18.1 This test method covers the determination of oxy-
gen in electrolytic grade coppers.

A1.19 Summary of Test Method

A1.19.1 This test method is for use with automated, com-
mercially available analyzers that are based on the inert gas
fusion principle and use a variety of gas conditions and
measuring techniques. All use calibration methods traceable to
primary standard reference materials (SRM).

A1.19.2 The sample is contained in a small, single-use
graphite crucible, is fused under a flowing inert gas stream at
a temperature sufficient to release oxygen. The oxygen com-
bines with carbon from the crucible to form carbon monoxide
(CO) and is carried by the inert gas stream to thermal
conductivity or infrared detectors. The detector output is
compared to that obtained from the SRM and is displayed as
oxygen content of the copper.

A1.20 Significance and Use

A1.20.1 This test method is primarily intended to test
electrolyte grade copper products for compliance with compo-
sitional specification.

A1.21 Interferences

A1.21.1 The elements normally present in electrolytic grade
copper do not interfere.

A1.22 Apparatus

A1.22.1 Apparatus—These instrument systems are com-
mercially available and their general features are readily
available from the manufacturer.

A1.23 Reagents and Materials

A1.23.1 Reagents:
A1.23.1.1 Acetone—Residue after evaporation must be less

than 0.0005 %.
A1.23.2 Ascarite II (sodium hydroxide on clay)—Used in

some instruments to absorb carbon dioxide (CO2).
A1.23.3 Inert Gas—Use the purity specified by the manu-

facturer; helium or argon.
A1.23.3.1 Magnesium Perchlorate—Used in most instru-

ments as a moisture trap. Use the purity specified by the
manufacturer.

A1.23.4 Material:
A1.23.4.1 The graphite crucibles must be made from high

quality graphite and recommended by the instrument manufac-
turer or its equivalent.

A1.24 Hazards

A1.24.1 For precautions to be observed in the use of certain
reagents in this test method refer to Practices E 50.

A1.24.2 Use care when handling hot crucibles and operat-
ing furnaces to avoid either burns or electrical shock.

A1.25 Sample Preparation

A1.25.1 Use only solid samples to minimize the potential
for errors due to surface oxidation. Samples must be of the
proper size to permit free introduction into the sample loading
device, if required, and to fit into the graphite crucible.

A1.25.2 Cut the sample to an appropriate size using a
silicon carbide, water-cooled, cut-off wheel, or by other means
that will prevent overheating. Avoid oxide cutting or oxide
abrading materials. When appropriate, flat samples may be
stamped using a punch and die.

A1.25.3 Etch the specimen with HNO3 (1+1) for a time
sufficient for the reaction to become clearly visible. Remove
with stainless steel, or platinum tipped, tongs or forceps, and
thoroughly rinse away the HNO3. Cover the specimen with
HCl for 5 min, rinse four times with water, blot dry, dip in
acetone air dry, and weigh.

A1.25.4 Warning—Do not touch the specimen with fingers
during or following the final stages of cleaning. Store the
prepared specimen in a desiccator and analyze within 4 h of
preparation.

A1.25.5 The careful adherence to the specimen preparation
procedure is critical to obtaining accurate and precise results.
The use of small and irregularly shaped pieces requires a
diligent effort to ensure that all surface contamination is
removed.

A1.25.6 The sample preparation described herein does not
supersede specific compositional specification requirements.

A1.26 Preparation of Apparatus

A1.26.1 Assemble the apparatus according to the manufac-
turer’s instructions. Make the necessary power, gas, and water
connections. Turn on the instrument and allow sufficient
warm-up time to stabilize the system.

A1.26.2 Change the chemical traps and filters as required.
Test the furnace and the analyzer to ensure the absence of
leaks. Condition the system according to the manufacturer’s
instructions before attempting to calibrate or to determine the
value of the blank.

A1.27 Calibration

A1.27.1 Calibration Standards—When possible, select
three calibration standards which approximate the low, middle,
and high of the expected range of oxygen in the product to be
tested. Designate them as Standards A, B, and C respectively.4

A1.27.2 Gas Dosing—Automated and manual gas dosing
can be used to set up the instrument, but the instrument
response must be confirmed as described using the standards
from A1.27.1.

A1.27.3 Adjustment of Response of Measurement System—
Using Standard B as the specimen, proceed as directed in
A1.28.2-A1.28.5. Repeat A1.28.2-A1.28.5 until the absence of

4 Reference materials are available from LECO Corporation, St. Joseph, MI
49085-2396 and Alpha Resources, Inc., Stevensville, MI.
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drift is indicated. Continue running a series of specimens until
the last four readings are within the maximum acceptable
range, making appropriate adjustments according to the manu-
facturer’s instructions.

A1.27.4 Using Standard A as the specimen, proceed as
directed in A1.28.2-A1.28.5. Repeat a sufficient number of
times to establish that a low average and consistent individual
blank values are obtained.

A1.27.4.1 Blank values are equal to the total result of the
crucible and Standard A minus the value of Standard A. Record
the average value of four successive blank determinations that
meet the requirements for maximum and consistent values. If
the blank values are too high or inconsistent, determine the
cause, correct it, and repeat steps as directed in A1.28.2-
A1.28.5.

A1.27.4.2 Enter the average blank value in the appropriate
mechanism of the analyzer and refer to the manufacturer’s
instructions. Should the unit not have this function, the blank
value must be subtracted from the total result prior to any other
calculations.

A1.27.5 System Calibration—In accordance with the manu-
facturer’s instruction, weigh an appropriate specimen of Stan-
dard C to the nearest 1 mg, and place it in the instrument
sample loading device. Follow the calibration procedure rec-
ommended by the manufacturer using Standard C as the
primary standard.

A1.27.5.1 Run specimen of standard C until the results of
four successive specimens are within the maximum acceptable
range. Treat each as directed in A1.28.2-A1.28.5 before pro-
ceeding to the next one.

A1.27.5.2 Confirm the calibration by analyzing an addi-
tional Standard C specimen after calibration procedure is
completed. The value should be within the allowable limits of
the standard’s value. If not, repeat the calibration procedure.

A1.27.5.3 Next, weigh at least two appropriate sized speci-
mens of Standard B to the nearest 1 mg, and transfer to the
instrument sample loading device. Treat each specimen as
directed in A1.28.3 and A1.28.5 before proceeding to the next
specimen. Record the results and compare them to the oxygen

value of Standard B. Should the results not be within the
allowable limits refer to the manufacturer’s instructions for
checking linearity of the system (Note A1.1).

NOTE A1.1—Repeat the calibration when:(a) a different lot of crucibles
is used,(b) the system has not been used in 1 h, or(c) the carrier gas has
been changed.

A1.28 Procedure

A1.28.1 Assemble the apparatus, calibrate, set the blank,
and test the performance as directed in A1.10 and A1.11.

A1.28.2 Transfer an appropriate-sized specimen, weighed to
the nearest 1 mg, to the instrument’s sample loading device.

A1.28.3 Place a crucible on the furnace pedestal and raise
the pedestal into position.

A1.28.4 Start the crucible degassing cycle (Note A1.2).
Refer to the manufacturer’s recommended procedure regarding
entry of sample weight.

NOTE A1.2—For some instruments this procedure precedes the analysis
cycle.

A1.28.5 Transfer the specimen to the crucible and start the
analysis cycle.

A1.29 Calculation

A1.29.1 Follow the manufacturer’s direction to ensure that
all essential variables in the calculations of analytical results
have been considered.

A1.29.2 Since the output of most modern instruments is
given directly in percent concentration, post-analysis calcula-
tions may not be required.

A1.30 Precision and Bias

A1.30.1 Precision—The precision of this test method is
dependent upon sample preparation care and preciseness of
calibration.

A1.30.2 Bias—The accuracy of this test method is depen-
dent to a large extent upon the accuracy of the methods used to
determine the oxygen concentration in the calibration standards
as well as their homogeneity.

SULFUR BY COMBUSTION AND INFRARED DETECTOR

A1.31 Scope

A1.31.1 This test method covers the determination of sulfur
in oxygen-free electrolytic copper.

A1.32 Summary of Test Method

A1.32.1 The sulfur is converted to sulfur dioxide (SO2) by
combustion in a stream of oxygen and the SO2 is measured by
infrared absorption.

A1.32.2 This test method is written for use with commercial
analyzers, equipped to carry out the operations automatically.

A1.33 Interferences

A1.33.1 The elements ordinarily present do not interfere.

A1.34 Apparatus

A1.34.1 Combustion and Analyzing Instrumentation,ca-
pable of making the required measurements.

A1.35 Reagents and Material

A1.35.1 Reagents:
A1.35.1.1 Accelerator—Use the accelerator recommended

by the instrument manufacturer which, for copper, should be
sulfur and tin free.

A1.35.1.2 Oxygen—ultra high purity (purity: 99.95 % mini-
mum). Other grades of oxygen may be used if sulfur free, or
the oxygen may be purified as described in Practice E 50.

A1.35.2 Materials:
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A1.35.2.1 Crucibles—Use crucibles recommended by the
manufacturer, or equivalent.

A1.35.2.2 Crucible Tongs, capable of handling recom-
mended crucibles.

A1.36 Hazards

A1.36.1 For precautions to be observed in the use of certain
reagents in this test method refer to Practice E 50.

A1.36.2 Use care when handling hot crucibles and operat-
ing the furnace to avoid burns and electrical shock.

A1.37 Preparation of Apparatus

A1.37.1 Assemble the apparatus and test the apparatus as
recommended by the manufacturer.

A1.38 Sample Preparation

A1.38.1 The sample should be uniform in size but not finer
than 40 mesh.

A1.39 Calibration

A1.39.1 Calibration Reference Materials—Select a mini-
mum of two reference materials with sulfur content near the
mid-point and high limit.

A1.39.2 Instrument Calibration—Calibrate according to the
manufacturer’s instructions.

A1.40 Procedure

A1.40.1 Stabilize the furnace and analyzer according to the
manufacturer’s instruction.

A1.40.2 Transfer the weight of sample recommended by the
manufacturer into a crucible and add the same amount of
accelerator used in the calibration. Proceed as directed by the
manufacturer’s instructions.

A1.41 Calculation

A1.41.1 Since most commercially available instruments
calculate percent concentrations directly, including corrections
for blank and sample weight, calculations by the analyst are not
required.

A1.41.2 If the analyzer does not compensate for blank and
sample weight values, then use the following equation:

Sulfur, %5
~ A 2 B! 3 C

D

where:
A = Digital Voltmeter, (DVM) reading for specimen,
B = DVM reading for blank,
C = weight compensator setting, and
D = specimen weight in grams.

A1.42 Precision and Bias

A1.42.1 Precision—The precision of this test method is
dependent upon sample preparation care and preciseness of
calibration.

A1.42.2 Bias—The accuracy of this test method is depen-
dent to a large extent upon the accuracy of the methods used to
determine the sulfur concentration in the calibration standards
as well as their homogeneity.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 170 – 98)
that may impact the use of this standard.

(1) The scope and Sections 3, 4, 5, 6, 12.7, 15, 16, and 17 were
revised to correct errors or to satisfy Blue Book requirements.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 171/B 171M – 04

Standard Specification for
Copper-Alloy Plate and Sheet for Pressure Vessels,
Condensers, and Heat Exchangers 1

This standard is issued under the fixed designation B 171/B 171M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification2 establishes the requirements for
copper-alloy plate and sheet for pressure vessels, condensers,
and heat exchangers. The following alloys are covered:

Copper Alloy Previously Used Designation

C36500 Leaded Muntz Metal
C44300 Admirality, Arsenical
C44400 Admirality, Antimonial
C44500 Admirality, Phosphorized
C46400 Naval Brass, Uninhibited
C46500 Naval Brass, Arsenical
C61300 Aluminum Bronze
C61400 Aluminum Bronze D
C63000 10 % Aluminum-Nickel Bronze
C63200 9 % Aluminum-Nickel Bronze
C70600 90-10 Copper Nickel
C70620 90-10 Copper Nickel -(modified for welding)
C71500 70-30 Copper Nickel
C71520 70-30 Copper Nickel-(modified for welding)
C72200 . . .

1.2 The values stated in either inch-pound units or SI units
are to be regarded separately as standard. Within the text, the
SI units are shown in brackets. The values in each system are
not exact equivalents; therefore, each system shall be used
independently of the other. Combining values from the two
systems may result in nonconformance with the specification.

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standards form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:3

B 248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip and Rolled
Bar

B 248M Specification for General Requirements for
Wrought Copper and Copper-Alloy Plate, Sheet, Strip and
Rolled Bar [Metric]

B 601 Classification for Temper Designations for Copper
and Copper Alloys-Wrought and Cast

B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials
E 8M Test Methods for Tension Testing of Metallic Mate-

rials [Metric]
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specification
E 54 Test Methods for Chemical Analysis of Special

Brasses and Bronzes4

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Method)

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition

E 478 Test Methods for Chemical Analysis of Copper
Alloys

E 527 Practice for Numbering Metals and Alloys (UNS)

3. Terminology

3.1 Definitions—For definitions of terms used in this speci-
fication, refer to Terminology B 846.

4. Ordering Information

4.1 Orders for product under this specification shall include
the following information:

4.1.1 ASTM Specification B 171/B 171M, year of issue,
4.1.2 Whether inch-pound or SI units are applicable (see

1.2),
4.1.3 Copper Alloy UNS. No. (see Section 6, Table 1),
4.1.4 Whether the alloy ordered will be used in applications

requiring it to be welded (see Table 1, footnotes B and C for

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B5.01 on Plate,
Sheet, and Strip.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1942. Last previous edition approved in 1999 as B 171/B 171M – 99e2.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-171 in Section II of that Code.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website. 4 Withdrawn.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



UNS Nos. C61300 and C72200, respectively, and UNS Nos.
C70620 and C71520 in place of UNS Nos. C70600 and
C71500),

4.1.5 Whether plate is to be machined (see 9.1.3),
4.1.6 How tolerance is specified (Table 2 Footnote A),
4.1.7 Certification, if required (Section 17),
4.1.8 Weight (total for each size),
4.1.9 Mill test report, if required (Section 18),
4.1.10 Special marking, if required (Section 19), and
4.1.11 Whether 0.2 yield offset strength is required.

5. Materials and Manufacture

5.1 Material—The material and manufacture shall be cast
cake of the Copper Alloy UNS No. specified in the purchase
order and shall be of such shape and soundness so as to be
suitable for processing into the final product.

5.2 Manufacture—The product shall be manufactured by
hot rolling or forging and finished by such cold working and
annealing as may be necessary to achieve the required dimen-
sions and properties.

6. Chemical Composition

6.1 The materials shall conform to the chemical composi-
tional requirements specified in Table 1 for the copper alloy
UNS designations specified in the ordering information..

6.2 These composition limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser.

6.3 For the alloys listed below, depending on analytical
methodology, either copper or zinc, respectively, may be taken
as the difference between the sum of all the elements analyzed

TABLE 1 Chemical Requirements

Copper Alloy
UNS No.A

Composition, % max (Unless Shown as a Range)

Copper, incl
Silver

Tin Nickel, incl Cobalt
Manganese,

max
Lead Iron Zinc Aluminum Chromium

Other Named
Elements

C36500 58.0-61.0 0.25 . . . . . . 0.25-0.7 0.15 remainder . . . . . . . . .
C44300 70.0-73.0 0.8-1.2 . . . . . . 0.07 0.06 remainder . . . . . . 0.02-0.06 As
C44400 70.0-73.0 0.8-1.2 . . . . . . 0.07 0.06 remainder . . . . . . 0.02-0.10 Sb
C44500 70.0-73.0 0.8-1.2 . . . . . . 0.07 0.06 remainder . . . . . . 0.02-0.10 P
C46400 59.0-62.0 0.5-1.0 . . . . . . 0.20 0.10 remainder . . . . . . . . .
C46500 59.0-62.0 0.5-1.0 . . . . . . 0.20 0.10 remainder . . . . . . 0.02-0.06 As
C61300B remainder 0.20-0.50 0.15 0.20 0.01 2.0-3.0 0.10C 6.0-7.5 . . . 0.10 Si

0.015 P
C61400 remainder . . . . . . 1.0 0.01 1.5-3.5 0.20 6.0-8.0 . . . 0.015 P
C63000 remainder 0.20 4.0-5.5 1.5 . . . 2.0-4.0 0.30 9.0-11.0 . . . 0.25 Si
C63200 remainder . . . 4.0-4.8D 1.2-2.0 0.02 3.5-4.3D . . . 8.7-9.5 . . . 0.10 Si
C70600 remainder . . . 9.0-11.0 1.0 0.05C 1.0-1.8 1.0C . . . . . .
C70620 86.5 min . . . 9.0-11.0 1.0 0.02 1.0-1.8 0.50 . . . . . . 0.05 C

0.02 P
0.02 S

C71500 remainder . . . 29.0-33.0 1.0 0.05C 0.40-1.0 1.0C . . . . . .
C71520 65.0 min . . . 29.0-33.0 1.0 0.02 0.40-1.0 0.50 . . . . . . 0.05 C

0.02 P
0.02 S

C72200 remainder . . . 15.0-18.0 1.0 0.05C 0.50-1.0 1.0C . . . 0.03-0.70 0.03 Si
0.03 Ti

C

A Designation established in accordance with Practice E 527.
B When the product is for subsequent welding applications, and is so specified by the purchaser, chromium shall be 0.05 % max, cadmium 0.05 % max, zirconium 0.05 %

max and zinc 0.05 % max.
C When the product is for subsequent welding applications, and is so specified by the purchaser, zinc shall be 0.50 % max, lead 0.02 % max, phosphorus 0.02 % max,

sulfur 0.02 % max, and carbon 0.05 % max.
D Iron content shall not exceed the nickel content.

TABLE 2 Thickness Tolerances

Thickness, in. [mm]

Thickness Tolerances, Plus and Minus,A,B in. [mm] for Diameters or Widths

36 in. [1000 mm] or Under,
incl

Over 36 to 60 in. [1000 to 1500
mm], incl

Over 60 to 96 in. [1500 to 2500
mm], incl

Over 96 to 132 in. [2500
to 3500 mm], incl

Over 0.125 to 0.250 [3.0 to 6.0 mm], incl 0.010 [0.25] 0.012 [0.30] 0.022 [0.56] 0.028 [0.71]
Over 0.250 to 0.500 [6.0 to 12.0 mm], incl 0.025 [0.64] 0.027 [0.69] 0.029 [0.74] 0.031 [0.79]
Over 0.500 to 0.750 [12.0 to 19.0 mm], incl 0.028 [0.71] 0.030 [0.76] 0.032 [0.81] 0.035 [0.89]
Over 0.750 to 1.000 [19.0 to 25.0 mm], incl 0.033 [0.84] 0.035 [0.89] 0.037 [0.94] 0.040 [1.0]
Over 1.000 to 1.500 [25.0 to 38.0], incl 0.038 [0.97] 0.040 [1.0] 0.042 [1.1] 0.045 [1.1]
Over 1.500 to 1.750 [38.0 to 44.0 mm], incl 0.043 [1.1] 0.045 [1.1] 0.047 [1.2] 0.050 [1.3]
Over 1.750 to 2.000 [44.0 to 50.0 mm], incl 0.050 [1.3] 0.055 [1.4] 0.062 [1.6] 0.065 [1.7]
Over 2.000 to 5.000 [50.0 to 127 mm], incl 0.058 [1.5] 0.062 [1.6] 0.065 [1.7] . . .

A When tolerances are specified as all plus or all minus, double the values given.
B See 9.1.2 for specific alloys with a difference tolerance.
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and 100 %. When all the elements in Table 1 are analyzed their
sum shall be as shown below:

Copper Alloy UNS No. Copper Plus Named Elements, % min

C36500 99.6
C44300 99.6
C44400 99.6
C44500 99.6
C46400 99.6
C46500 99.6

6.3.1 For the alloys listed below, copper may be taken as the
difference between the sum of all the elements and 100 %.
When all of the elements in Table 1 are analyzed, their sum
shall be as shown below:

Copper Alloy UNS No. Copper Plus Named Elements, % min

C61300 99.8
C61400 99.5
C63000 99.5
C63200 99.5
C70600 99.5
C70620 99.5
C71520 99.5
C71500 99.5
C72200 99.8

7. Temper

7.1 Tempers available under this specification, and as de-
scribed in Classification B 601, are As Hot Rolled (M20) and
Hot Rolled and Annealed (O25) as given in Table 3.

7.1.1 Products manufactured forASME Boiler and Pressure
Vessel Codeapplications must be certified to the O25 temper.

7.1.2 Products manufactured for other thanASME Boiler
and Pressure Vessel Codeapplications may be produced in
either the M20 or O25 temper.

8. Mechanical Property Requirements

8.1 The plates and sheet shall conform to the tensile
property requirements as prescribed in Table 3.

9. Dimensions, Mass, and Permissible Variations

9.1 Thickness:

9.1.1 The thickness tolerances for plates of Copper Alloy
UNS Nos. C36500, C44300, C44400, C44500, C46400, and
C46500 shall be as prescribed in Table 2.

9.1.2 The thickness tolerances for plates of Copper Alloy
UNS Nos. C61300, C61400, C63000, C63200, C71500,
C70620, C71520, and C72200 shall be 25 % greater than those
prescribed in Table 2.

9.1.3 If plates are machined, the thickness tolerances shall
apply to the machined portion only.

9.1.4 Closer thickness tolerances than those prescribed in
Table 2 can be furnished by surface machining. This is a
special product and is subject to agreement between the
manufacturer and the purchaser. This special product shall
apply only when specified by the purchaser in the contract or
order.

9.1.5 Unless otherwise agreed to by the manufacturer and
the purchaser, the thickness of plate to this specification shall
be determined by measuring along the length of the plate up to
a distance of 7 in. [180 mm] from the edge.

9.2 Diameters, Lengths, or Widths—The diameters, lengths,
or widths of plates shall be not less than those specified. The
diameters, lengths, or widths of plates may exceed those
specified by the amounts shown in Table 4.

NOTE 1—For the purpose of determining conformance with the dimen-
sional requirements prescribed in this specification, any measured value
outside the specified limiting values for any dimension may be cause for
rejection.

9.3 Flatness—The flatness tolerances of individual plates
shall not exceed those prescribed in Table 5. The tolerances
shown are the total permissible variations for plates as ordered,
and do not apply to the 7-in. [180-mm] marginal area at the
edge of the plate. Inspection for flatness shall be made by
placing the plate on a flat surfaced table with the side marked
“Straight Side” up, applying a 72-in. [2-m] straightedge when
the size permits, or a shorter one equal to the dimensions to be
inspected, and measuring the depth of arc between the straight-
edge and the plate.

TABLE 3 Tensile Requirements—M20 and O25 Tempers

Copper Alloy UNS No. Thickness, in. [mm]
Tensile Strength, min, ksiA

[MPa]
Yield Strength,B min, ksiA

[MPa]
Yield StrengthC 0.2 %
Offset, min, ksiA [MPa]

Elongation in 2 in.
[50.0 mm], min, %

C36500
2 [50.0] and under 50 [345] 20 [140] 20 [140] 35 [35]

over 2 to 3.5 [50.0 to 100.0], incl 45 [310] 15 [105] 15 [105] 35 [35]
over 3.5 to 5 [100.0 to 140.0], incl 40 [275] 12 [85] 12 [85] 35 [35]

C44300, C44400, and
C44500

4 [100.0] and under 45 [310] 15 [105] 15 [105] 35 [35]

C46400, C46500 3 [80.0] and under 50 [345] 20 [140] 20 [140] 35 [35]
over 3 to 5 [80.0 to 140.0], incl 50 [345] 18 [125] 18 [125] 35 [35]

C61300 2 [50.0] and under 75 [520] 37 [255] 36 [250] 30 [30]
over 2 to 3 [50.0 to 80.0], incl 70 [485] 30 [205] 28 [195] 35 [35]
over 3 to 5 [80.0140.0], incl 65 [450] 28 [195] 26 [180] 35 [35]

C61400 2 [50.0] and under 70 [485] 30 [205] 28 [195] 35 [35]
over 2 to 5 [50.0 to 140.0], incl 65 [450] 28 [195] 26 [180] 35 [35]

C63000 and C63200 2 [50.0] and under 90 [620] 36 [250] 34 [235] 10 [10]
over 2 to 3.5 [50.0 to 100.0], incl 85 [585] 33 [230] 31 [215] 10 [10]

over 3.5 to 5.0 [100.0 to 140.0], incl 80 [550] 30 [205] 28 [195] 10 [10]
C70600 and C70620 2.5 [60.0] and under 40 [275] 15 [105] 15 [105] 30 [30]

over 2.5 to 5 [60.0 to 140.0], incl 40 [275] 15 [105] 15 [105] 30 [30]
C71500 and C71520 2.5 [60.0] and under 50 [345] 20 [140] 20 [140] 30 [30]

over 2.5 to 5 [60.0 to 140.0], incl 45 [310] 18 [125] 18 [125] 30 [30]
C72200 2.5 [60.0] and under 42 [290] 16 [110] 16 [110] 35 [35]

A ksi = 1000 psi.
B Yield strength is determined as the stress producing an elongation of 0.5 % or under load, that is 0.01 in. [0.254 mm] in a gage length of 2 in. [50.0 mm].
C See 4.1.9.
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9.4 Plate and Sheet Lot Weight for Pressure Vessels—When
plate or sheet of Copper Alloy UNS Nos. C70600, C70620,
C71500, C71520, or C72200 are ordered for pressure vessels
exclusively, the maximum lot weight restriction in Table 6 shall
apply in addition to the thickness tolerance requirement of
Table 2. The weight of each lot of five or more plates or sheets
shall not exceed the nominal weight by more than the amount
prescribed in Table 6. Plate and sheet of lots of less than five
shall be governed solely by the thickness tolerances of Table 2.
For purposes of calculating weights, the densities used shall be
as listed in Table 7.

10. Workmanship, Finish and Appearance
10.1 The material shall be free of injurious defects and have

a smooth clean surface, such as results from rolling operation,
unless otherwise specified.

11. Sampling
11.1 The lot size, portion size, and selection of pieces shall

be as follows:

11.1.1 Lot Size—10 000 lbs [4550 kg] or less material of the
same mill form, alloy, temper, and thickness, subject to
inspection at one time.

11.1.2 Portion Size—Four individual sample pieces shall be
selected as representative of each lot. If the lot consists of less
than four pieces, samples shall be selected so as to be
representative of each piece.

11.2 Chemical Analysis—A sample for chemical analysis
shall be taken and prepared in accordance with Practice E 255.
Drillings, millings, and so forth, shall be taken in approxi-
mately equal weight from each of the sample pieces selected in
accordance with 11.1.2 and combined into one composite
sample. The minimum weight of the composite sample that is
to be divided into three equal parts shall be 150 g.

11.2.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition by analyzing samples
taken at the time castings are poured or samples taken from the
semi-finished product. If the manufacturer determines the
chemical composition of the material during the course of
manufacture, he shall not be required to sample and analyze the
finished product. The number of samples taken for determina-
tion of chemical composition shall be as follows:

11.2.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

11.2.1.2 When samples are taken from the semi-finished
product, a sample shall be taken to represent each 10 000 lbs
[4550 kg] or fraction thereof, except that not more than one
sample shall be required per piece.

TABLE 4 Diameter, Length, or Width Tolerances

Diameter, Length, or Width in. [mm]
Permissible Excess in

Diameter, Length, or Width,
in. [mm]

36 [1000] or under 3⁄64 [1.2]
Over 36 to 60 [1000 to 1500], incl 1⁄16 [1.6]
Over 60 to 96 [1500 to 2500], incl 3⁄32 [2.4]
Over 96 to 132 [2500 to 3500], incl 7⁄64 [2.8]

TABLE 5 Flatness Tolerances

Copper Alloy UNS No.

Flatness Tolerances (Depth of Arc) Not to Exceed,
in. [mm], for Diameters, Lengths, or Widths Shown

36 in. [1000 mm]
or Under

Over 36 to 60 in.
[1000 to 1500

mm], incl

Over 60 to 132
in. [1500 to
3500 mm],

inclA

C36500, C46400, and
C46500

0.050 [1.3] 0.055 [1.4] 0.060 [1.5]

C44300, C44400, and
C44500

0.050 [1.3] 0.065 [1.7] 0.075 [1.9]

C61300, C61400, C63000,
and C63200

0.060 [1.5] 0.075 [1.9] 0.090 [2.3]

C70600, C71500, C72200,
C70620, and C71520

0.060 [1.5] 0.075 [1.9] 0.090 [2.3]

A Tolerance applies to any 72-in. [1.83-m] chord.

TABLE 6 Lot Weight Tolerances in Percentage of Theoretical Weight, All Plus Copper Alloy UNS Nos. C70600, C71500, C72200, C71520,
and C70620 for Use in Pressure Vessels Exclusively

Specified Thicknesses, in. [mm]

Permissible Excess in Average Weights of Lots, Expressed in Percentage of Nominal Weights

48 in. [1200 mm] and
Under in Width

Over 48 to 60 in.
[1200 to 1500 mm]

in Width, incl

Over 60 to 72 in.
[1500 to 1800 mm]

in Width, incl

Over 72 to 96 in.
[1800 to 2500 mm]

in Width, incl

Over 96 to 120 in.
[2500 to 3000 mm]

in Width, incl

Over 120 to 132 in
[3000 to 3400 mm]

in Width, incl

Over 1⁄8 to 3⁄16 [3.0 to 5.0], incl 6.5 8 9 11 . . . . . .
Over 3⁄16 to 1⁄4 [5.0 to 6.0], incl 6.5 8 9 11 12 . . .
Over 1⁄4 to 5⁄16 [6.0 to 8.0], incl 6.5 7.75 8.75 11 12 13
Over 5⁄16 to 3⁄8 [8.0 to 10.0], incl 6.25 7.5 8.5 11 12 13
Over 3⁄8 to 1⁄2 [10.0 to 12.0], incl 6 6 8 10 11 12
Over 1⁄2 to 5⁄8 [12.0 to 16.0], incl 5.75 6.5 7.5 9 10 11
Over 5⁄8 to 3⁄4 [12.0 to 20.0], incl 5.5 6 7 8 9 10
Over 3⁄4 to 1 [20 to 25.0], incl 5 5 6.25 7 8 9
Over 1 to 2 [25.0 to 50.0], incl 3.5 4 5 6 7 8

TABLE 7 Densities

Copper Alloy UNS Nos. Density lb/in.3 [g/cm3]

C36500 0.304 [8.41]
C44300, C44400, and C44500 0.308 [8.53]
C46400, C46500 0.304 [8.41]
C61300, C61400 0.285 [7.89]
C63000 and C63200 0.274 [7.58]
C70600, C71500, C72200, C70620, and

C71520
0.323 [8.94]
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11.2.2 Because of the discontinuous nature of the process-
ing of castings into wrought products, it is not practical to keep
specific casting analysis identified with a specific quantity of
finished material.

11.2.3 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

12. Number of Tests and Retests

12.1 Tests:
12.1.1 Chemical Analysis—Chemical composition shall be

determined as the per element mean of results from at least two
replicate analyses of the sample(s), and the results of each
replication shall meet the requirements of the product specifi-
cation.

12.2 Other Tests—For other tests, a specimen shall be taken
from two of the sample pieces selected in accordance with
11.1.2. The required tests shall be made on each of the
specimens so selected.

12.3 Retests:
12.3.1 If any test specimen shows defective machining or

develops flaws, it may be discarded and another specimen
substituted.

12.3.2 If the percent elongation of any test specimen is less
than that specified, and any part of the fracture is outside the
middle two-thirds of the gage length, or in a punched or scribed
mark within the reduced section, a retest shall be allowed.

12.3.3 If one of the tests made to determine any of the
mechanical properties fails to meet a specified limit, this test
shall be repeated on two of the remaining pieces selected in
accordance with 11.1.2, and the results of both of these tests
shall comply with the specified requirements.

12.3.4 If the chemical analysis fails to conform to the
specified limits, analysis shall be made on a new composite
sample prepared from the pieces selected in accordance with
11.1.2. The results of this retest shall comply with the specified
requirements.

13. Test Methods

13.1 The properties and chemical compositions enumerated
in this specification shall, in case of disagreement, be deter-
mined in accordance with the following ASTM test methods:

13.1.1 Tension—E 8(A) or E 8M(A).
13.1.2 Chemical Analysis—In accordance with the follow-

ing:
Element Test Method

Copper E 478
Aluminum E 478
Antimony E 62
Arsenic E 62
Iron

<1.3 % E 478
>1.3 % E 54

Lead E 478 (AA)
Manganese E 62
Nickel:

<5 % E 478 (photometric)
>5 % E 478 (gravimetric)

Phosphorus E 62
Silicon E 54 (perchloric acid)
Tin E 478
Zinc

<2 % E 478 (AA)

Element Test Method
>2 % E 478 (titrametric)

NOTE 2—The tension test specimen shall conform to the dimensions
shown in Figs. 7 or 8 of Test Methods E 8 or E 8M.

13.2 In case of disagreement, the sulfur content of the alloys
covered in this specification shall be determined in accordance
with the method given in the annex to Specification B 248 or
B 248M.

14. Significance of Numerical Limits
14.1 For purposes of determining compliance with the

specified limits for requirements of the properties listed in the
following table and for dimensional tolerances, an observed or
a calculated value shall be rounded as indicated in accordance
with the rounding method of Practice E 29:

Property Rounded Unit for Observed or Calculated
Value

Chemical composition nearest unit in the last right hand signifi-
cant digit used in expressing the limiting

value
Tensile strength nearest ksi [nearest MPa]
Yield strength nearest ksi [nearest MPa]
Elongation of 5 % and over nearest 1 %

15. Inspection
15.1 The manufacturer shall inspect and perform the tests

necessary to verify that the product furnished conforms to the
requirements of this specification.

15.2 If, in addition, source inspection of the material by the
purchaser is agreed upon by the manufacturer and the pur-
chaser as part of the purchase contract, the nature of the
facilities needed to satisfy the inspector representing the
purchaser that the product is being furnished in accordance
with this specification shall be included in the agreement. All
tests and the inspection shall be conducted so as not to interfere
unnecessarily with the operation of the works.

15.3 The manufacturer and the purchaser, by mutual agree-
ment, may accomplish the final inspection simultaneously.

16. Rejection and Rehearing
16.1 Rejection—Material that fails to conform to the re-

quirements of this specification when inspected or tested by the
purchaser or his agent may be rejected. Rejections shall be
reported to the manufacturer or supplier promptly. In addition,
a written notification or rejection shall follow.

16.2 Rehearing—In case of dissatisfaction with the results
of the test, the manufacturer or supplier may make claim for
rehearing.

17. Certification
17.1 When specified on the purchase order, the manufac-

turer shall furnish to the purchaser a certificate stating that each
lot has been sampled, tested, and inspected in accordance with
this specification and has met the requirements.

17.2 When material is specified to meet the requirements of
ASME Boiler and Pressure Vessel Code, the certification
requirements are mandatory.

18. Mill Test Report
18.1 When specified on the purchase order, the manufac-

turer shall furnish to the purchaser a test report showing results
of tests required by the specification.

B 171/B 171M – 04

5



19. Packaging and Package Marking

19.1 The material shall be separated by size, composition,
and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

19.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, shape, gross and net weight, and name of supplier. The
specification number shall be shown, when specified.

19.3 Product Identification—For ASME Boiler and Pres-
sure Vessel Codeapplications, the name or trademark of the
manufacturer and the manufacturer’s lot identification number
shall be legibly stamped or stenciled on each finished plate and
sheet in two places not less than 12 in. [300 mm] from the
edges. If the plate and sheet are too small to locate the

markings in this way, the markings may be placed near the
center of the plate and sheet. In the case of butt straps, the
markings may be placed 12 in. [300 mm] from the end. The
plate number and type shall be legibly stamped on each plate
and on each test specimen.

20. Keywords

20.1 admiralty metal plate and sheet; aluminum bronze
plate and sheet; aluminum-nickel bronze plate and sheet;
copper nickel plate and sheet; muntz metal plate and sheet;
naval brass plate and sheet; plate and sheet for pressure vessels;
UNS No. C36500; UNS No. C43300; UNS No. C44400; UNS
No. C44500; UNS No. C46400; UNS No. C46500; UNS No.
C61300; UNS No. C61400; UNS No. C63000; UNS No.
C63200; UNS No. C70600; UNS No. C70620; UNS No.
C71500; UNS No. C71520

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. government.

S1. Reference Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent herein:

S1.1.1 Federal Standards:5

102 Preservation, Packaging and Packing Levels
123 Marking for Shipment (Civil Agencies)
185 Identification Marking of Copper and Copper-Base

Alloy Mill Products
S1.1.2 Military Standard5

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the manufacturer is
responsible for the performance of all inspection and test
requirements specified. Except as otherwise specified in the
contract or purchase order, the manufacturer shall use any
suitable facilities for the performance of the inspection and test
requirements unless disapproved by the purchaser at the time
the order is placed. The purchaser shall have the right to

perform any of the inspections or tests set forth when such
inspections and tests are deemed necessary to assure that the
material conforms to prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, and Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, and packed, Level A, B, or C, as
specified in the contract or purchase order in accordance with
the requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. 102
shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. 123.

5 Available from Standardization Documents Order Desk, Bldg. 4, Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094, ATTN NPODS.
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 171/B 171M – 99e2) that may impact the use of this standard. (Approved May 1, 2004.)

(1) Changed precision of tin limit in UNS Alloy No. C36500 in
Table 1 from 0.250 to 0.25.
(2) Added UNS Alloy Nos. to Keywords.
(3) Clarified paragraph 4.1.4 in Ordering Information to use

new CDA alloy designations.

(4) Minor editing to conform to Committee B05Outline of
Form, which do not impact the use of the standard.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

B 171/B 171M – 04

7



Designation: B 176 – 04

Standard Specification for
Copper-Alloy Die Castings 1

This standard is issued under the fixed designation B 176; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification establishes the requirements for
copper-alloy die castings. The alloys specified are Copper
Alloy UNS Nos. C85700, C85800, C86500, C 87800, C99700,
and C99750.2

1.2 Units—Values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units, which are provided for
information only and are not considered standard.

2. Referenced Documents

2.1 ASTM Standards:3

B 824 Specification for General Requirements for Copper
Alloy Castings

E 8 Test Methods for Tension Testing of Metallic Materials
E 23 Test Methods for Notched Bar Impact Testing of

Metallic Materials
E 255 Practice for Sampling Copper and Copper Alloys for

the Determination of Chemical Composition
E 527 Practice for Numbering Metals and Alloys (UNS)
2.2 American Die Casting Institute:
“E” Series Product Standards4

2.3 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)5

2.4 Military Standards:
MIL-STD-129 Marking for Shipment and Storage (Military

Agencies)5

MIL-P-116 Methods of Preservation5

3. General Requirements

3.1 The following sections of Specification B 824 constitute
a part of this specification.

3.1.1 Terminology (Section 3),
3.1.2 Number of Tests and Retests (Section 10) (Note to

users: Paragraph 10.3 of Specification B 824 applies only when
mechanical requirements are specified in the purchase order.),

3.1.3 Test Methods (Section 12),
3.1.4 Significance of Numerical Limits (Section 13),
3.1.5 Inspection (Section 14),
3.1.6 Rejection and Rehearing (Section 15),
3.1.7 Certification (Section 16),
3.1.8 Test Report (Section 17),
3.1.9 Product Marking (Section 18), and
3.1.10 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1, above, appears in this specification, it
contains additional requirements which supplement those ap-
pearing in Specification B 824.

4. Terminology

4.1 For general terms related to copper and copper alloys,
refer to Terminology B 846.

5. Ordering Information

5.1 Include the following information when placing orders
for die castings under this specification as applicable:

5.1.1 Specification title, number, and year of issue,
5.1.2 Part name and number,
5.1.3 Copper Alloy UNS Number,
5.1.4 Quantity and delivery schedule, as required,
5.1.5 Engineering drawing of die casting, when required,

giving all necessary dimensions and tolerances and showing
latest revisions and allowances for machining, if any. Location
of ejector pin marks or parting lines shall be at the option of the
manufacturer unless specifically designated on the drawing.

5.1.6 When die castings are purchased for agencies of the
U.S. government the Supplementary Requirements of Specifi-
cation B 824 may be specified.

5.2 The following requirements are optional and should be
specified in the purchase order when required.

5.2.1 Inspection lot sampling (Section 8),
5.2.2 Chemical analysis of residual elements (Section 4),

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.05 on
Castings and Ingots for Remelting.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1942. Discontinued January 2004 and reinstated in 2004 as B 176 – 04.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00”. The suffix can be used to accommodate
composition variations of the base alloy.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Available from the American Die Casting Institute, 2340 Des Plaines Ave., Des
Plaines, IL 60018.

5 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, ATTN: NPODS.

1

*A Summary of Changes section appears at the end of this standard.
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5.2.3 Soundness requirements (Section 9),
5.2.4 Mechanical requirements (Section 5),
5.2.5 Special requirements (Section 9),
5.2.6 Certification (Specification B 824),
5.2.7 Foundry test report (Specification B 824),
5.2.8 Witness inspection (Specification B 824),
5.2.9 Product marking (Specification B 824), and
5.2.10 Packaging requirements (Section 12).

6. Chemical Composition

6.1 The castings shall conform to the requirements for
major elements as shown in Table 1.

6.2 These specification composition limits do not preclude
the presence of other elements. Limits may be established and
analysis required for unnamed elements agreed upon between
the manufacturer or supplier and the purchaser. Copper or zinc
may be given as remainder and may be taken as the difference
between the sum of all elements analyzed and 100 %. When all
named elements in Table 1 are analyzed, their sum shall be as
specified in Table 2.

6.3 It is recognized that residual elements may be present in
cast copper-base alloys. Analysis shall be made for residual
elements only when specified in the purchase order.

6.4 If the producer’s or supplier’s method of composition
control is acceptable, sampling for chemical analysis may be
waived at the discretion of the purchaser.

7. Mechanical Property Requirements

7.1 Unless specified in the purchase order, acceptance of die
castings under this specification shall not depend on mechani-
cal properties determined by tension or impact tests. Table
X1.1 shows typical mechanical properties.

7.2 When minimum mechanical properties are specified in
the purchase order the mechanical properties shall be agreed
upon between the manufacturer or supplier and the purchaser.

8. Dimensions, Mass, and Permissible Variations

8.1 Permissible variations in dimensions shall be within the
limits specified on the drawings or in the contract or purchase
order.

8.1.1 Any dimensions for which a tolerance is not specified
shall be in accord with ADCI Product Standard Series E 1 to E
16 inclusive.

9. Sampling

9.1 An inspection lot shall consist of the production from
each die or compound die on each machine for each 24 h
during the first week of normal operation and the production
for each 48 h thereafter of normal operation. Any significant
change in the machine, composition, die or continuity of
operation shall be considered as the start of a new lot. Die
castings inspected by this method shall be so marked or
handled during the finishing operations as not to lose their
identity.

9.2 Each die casting of a randomly selected sample shall be
examined to determine conformance to the requirements with
respect to general quality, dimensions and identification mark-
ing. The producer or supplier may use a system of statistical
quality control for such examinations.

9.3 Sampling for Chemical Analysis—Refer to the Sam-
pling section of Specification B 824 and Practice E 255 for
sampling methodology.

10. Special Requirements

10.1 Internal Soundness—When specified, the soundness of
die castings shall conform to standards or requirements agreed
upon between the producer or supplier and the purchaser. The
number and extent of imperfections shall not exceed those
specified by the purchaser. The standards or requirements may
consist of radiographs, photographs or sectioned die castings.

10.2 Imperfections inherent in the die castings shall not be
cause for rejection provided it is demonstrated that the die
castings are in accordance with the requirements and standards
agreed upon.

TABLE 1 Chemical Requirements

Composition, % max (unless shown as a range or min)

Copper
Alloy
UNS
No.

Major Elements Residual Elements

Copper Tin Lead Zinc Iron

Nickel
inclu-
ding

Cobalt

Alumi-
num

Manga-
nese

Silicon Iron
Anti-
mony

Nickel
Cobalt

Sulphur
Phos-

phorous
Alumi-
num

Manga-
nese

Silicon

C85700 58.0–64.0A 0.50–1.5 0.8–1.5 32.0–40.0 ... ... ... ... ... 0.7 ... 1.0 ... ... 0.8 ... 0.05
C85800 57.0 minA 1.5 1.5 31.0–41.0 ... ... ... ... ... 0.50 0.05 0.50 0.05 0.01 0.55 0.25 0.25B

C86500 55.0–60.0A 1.0 0.40 36.0–42.0 0.40–2.0 ... 0.50–1.5 0.10–1.5 ... ... ... 1.0 ... ... ... ... ...
C87800 80.0 minA 0.25 0.15 12.0–16.0 ... ... ... ... 3.8–4.2 0.15 0.05 0.20 0.05 0.01 0.15 0.15 B,C

C99700 54.0 minA 1.0 2.0 19.0–25.0 ... 4.0–6.0 0.50–3.0 11.0–15.0 ... 1.0 ... ... ... ... ... ... ...
C99750 55.0–61.0 ... 0.50–2.5 17.0–23.0 ... 5.0 0.25–3.0 17.0–23.0 ... 1.0D ... ... ... ... ... ... ...

A In determining copper min, copper may be determined as copper plus nickel.
B Arsenic 0.05 max.
C Magnesium 0.01 max.
D Iron content above the nickel content may cause hard spots resulting in decreased machinability.

TABLE 2 Sum of All Named Elements Analyzed

Copper Alloy
UNS No.

Copper Plus Named
Elements, % min

C85700 98.7
C85800 98.7
C86500 99.0
C87800 99.5
C99700 99.7
C99750 99.7
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10.3 Workmanship—Die castings shall be of uniform qual-
ity, free of injurious discontinuities that will adversely affect
their serviceability.

10.4 Finish—When specified in the contract or purchase
order the as-cast surface finish required shall conform to
standards agreed upon between the purchaser and the producer
or supplier, or as prescribed in ADCI Product Standard E 18.

10.5 Pressure Tightness—When specified in the contract or
purchase order the pressure tightness of die castings shall
conform to standards agreed upon between the purchaser and
the producer or supplier, or as prescribed in ADCI Product
Standard E 17.

11. Test Methods

11.1 Analytical chemical methods are given in Specification
B 824 (Section 13).

11.2 When tension or impact tests are made, the tension test
specimen shown in Fig. 18, Standard Tension Test Specimens
for Die Castings, of Test Methods E 8 and the impact test
specimen shown in Fig. 6, Charpy (Simple-Beam) Impact Test
Specimens, Types A, B, and C, of Test Methods E 23, shall be
used.

12. Packaging and Package Marking

12.1 Packaging—Unless otherwise specified, the die cast-
ings shall be packaged to provide adequate protection during

normal handling and transportation. Each package shall con-
tain only one type of item unless otherwise agreed upon. The
type of packaging and gross weight of containers shall, unless
otherwise agreed upon, be at the producer’s discretion, pro-
vided they are such as to ensure acceptance by common or
other carriers for safe transportation at the lowest rate to the
delivery point.

12.2 Marking—Each shipping container shall be legibly
marked with the purchase order number, gross and net weights,
and the supplier’s name or trademark. Marking for shipment
shall be in accordance with Fed. Std. No. 123 for civil agencies
and MIL-STD-129 for Military agencies.

12.3 Preservation—Material intended for prolonged storage
in unheated locations shall be adequately packed and protected
to avoid deterioration and damage. When specified in the
contract or purchase order, material shall be preserved, pack-
aged, and packed in accordance with the requirements of
MIL-P-116. The applicable levels shall be as specified in the
contract or order.

13. Keywords

13.1 copper-alloy castings; die castings; UNS No. C85700;
UNS No. C85800; UNS No. C86500; UNS No. C87800; UNS
No. C99700; UNS No. C99750

APPENDIXES

(Nonmandatory Information)

X1. TYPICAL MECHANICAL PROPERTIES

X1.1 The data in Table X1.1 do not constitute a part of this
specification. They will indicate to the purchaser the mechani-
cal properties that may be expected of test specimens when
made in a die, the test specimens being cast in a test bar die and
conforming to the chemical composition specified. It should be
thoroughly understood that the following figures represent
die-cast test specimens and not specimens cut from commercial

die-cast parts. In the tension testing of die-cast brass speci-
mens, the rate of stressing up to the yield strength shall not
exceed 100 ksi (700 MPa)/min. Exceedingly slow rates of
testing may result in creep and hence are to be avoided.
Beyond the yield strength, the rate of straining shall not exceed
0.25 in./in.·min measured on the gage length of the specimen.

TABLE X1.1 Typical Mechanical Properties of Test Specimens A

Copper Alloy
UNS No.

Tensile Strength,
ksi (MPa)

Yield Strength
psi (0.2% Offset),

ksi (MPa)

Elongation in 2 in.,
(50 mm) %

Impact Strength Charpy,
ft·lbf (J)

Hardness,
Rockwell B

Modulus of Elasticity
(3103) ksi (GPa)

C85800
C87800

55 (379)
85 (586)

30 (207)
50 (345)

15
25

40 (54)
70 (95)

55 to 60
85 to 90

15 000 (103)
20 000 (138)

A ksi = 1000 psi. For explanation of SI unit MPa, see X3.1.
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X2. CHARACTERISTICS

X2.1 Table X2.1 shows certain casting and other outstand-
ing characteristics which are usually considered when selecting
a die casting alloy for a specific application.

X3. METRIC EQUIVALENTS

X3.1 The SI unit for strength properties (MPa) is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 176 – 95)
that may impact the use of this standard. (Approved May 1, 2004)

(1) Simplified scope section alloy listings for clarity.
(2) Instituted usage of Terminology B 846 (see Section 4).
(3) Instituted usage of Practice E 255 in (see Sections 2 and 9).
(4) Made corrections to specification and table cross-
references.

(5) Modified several sections to accommodate current form
and style practices.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X2.1 Die Casting and Other Characteristics

NOTE—Rating System—the various alloys are rated 1 to 5 according to the positive to negative qualities in the listed categories. A rating of 1 gives the
best performance, 5 the poorest performance. No one alloy is best in all categories. A rating of 5 in any one or more categories does not rule an alloy
out of commercial usefulness if its other attributes are especially favorable. However, ratings of 5 may present manufacturing difficulties.

Copper
Alloy

UNS No.

Die Casting Characteristics Other Characteristics

Approximate
Melting Point

Resistance to
Hot Cracking

Pressure
Tightness

Die Filling
Capacity

Anti-Solder
to Die

A Corrosion
Resistant

Machining Polishing Electroplating
High

Temperature
Strength

C85800 1600–1650 2 3 3 2 4 3 1 3 1 3
C87800 1510–1680 2 2 2 1 1 1 5 4 2 1
A Surface smoothness-as cast.
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Designation: B 187/B 187M – 03

Standard Specification for
Copper, Bus Bar, Rod, and Shapes and General Purpose
Rod, Bar, and Shapes 1

This standard is issued under the fixed designation B 187/B 187M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 establishes the requirements for cop-
per conductor bar, rod, and shapes for electrical (bus) applica-
tions and rod, bar, and shapes for general applications.

1.1.1 The products for electrical (bus) applications shall be
made from the following coppers:3

Copper UNS No.3 Reference Designation

C10100 OFE
C10200 OF
C10300 OFXLP
C10400, C10500, C10700 OFS
C10920, C10930, C10940 —
C11000 ETP
C11300, C11400, C11500,
C11600

STP

1.1.1.1 The product may be furnished from any copper
listed unless otherwise specified in the contract or purchase
order.

1.2 The product for general applications shall be made from
any of the coppers in 1.1.1 or the following coppers:

Copper UNS No.3 Reference Designation

C10800 OFLP
C12000 DLP
C12200 DHP

1.2.1 The product may be furnished from any copper listed
above unless otherwise specified in the contract or purchase
order. Other coppers may be used upon agreement between
supplier and purchaserer.

1.3 Units—The values stated in either inch-pound units or
in SI units are to be regarded separately as the standard. Within
the text, the SI units are shown in brackets. The values stated
in each system are not exact equivalents; therefore, each
system shall be used independently of the other. Combining

values from the two systems may result in nonconformance
with the specification.

NOTE 1—Material for hot forging will be found in Specification
B 124/B 124M.

2. Referenced Documents

2.1 ASTM Standards:
2.1.1 The following documents in the current issue of the

Book of Standards form a part of this specification to the extent
referenced herein.

B 124/B 124M Specification for Copper and Copper Alloy
Forging Rod, Bar, and Shapes4

B 170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes4

B 193 Test Method for Resistivity of Electrical Conductor
Materials5

B 216 Specification for Tough-Pitch Fire-Refined Copper—
Refinery Shapes4

B 224 Classification of Coppers4

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes and
Forgings4

B 577 Test Methods for Detection of Cuprous Oxide (Hy-
drogen Embrittlement Susceptibility) in Copper4

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast4

B 846 Terminology for Copper and Copper Alloys4

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry6

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)6

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition6

E 478 Test Methods for Chemical Analysis of Copper
Alloys6

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved Apr. 10, 2003. Published May 2003. Originally
approved in 1944. Last previous edition approved in 2002 as B 187 – 02.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-187 in Section II of that Code.

3 Refer to Practice E 527 for an explanation of the Unified Numbering System.

4 Annual Book of ASTM Standards, Vol 02.01.
5 Annual Book of ASTM Standards, Vol 02.03.
6 Annual Book of ASTM Standards, Vol 03.05.

1
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E 527 Practice for Numbering Metals and Alloys (UNS)7

3. General Requirements

3.1 The following sections of Specification B 249/B 249M
are a part of this specification:

3.1.1 Terminology,
3.1.2 Material and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Test Methods,
3.1.7 Specimen Preparation,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Test Reports, and
3.1.13 Packaging and Package Marking.
3.2 Identical sections in this specification supplement the

referenced section.

4. Terminology

4.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

4.2 Definitions:

4.2.1 bus bar, n—includes material of solid rectangular or
square cross section or a solid section with two plane parallel
surfaces and round or other simple regularly shaped edges up
to and including 12 in. in width and 0.090 in. and over in
thickness.

4.2.2 bus conductor stock, n—a bar, rod, or shape of high
conductivity copper used to make electrical conductors.

4.2.3 bus rod, n—includes solid round and regular polygons
of six and eight sides.

4.2.4 bus shapes, n—a solid section other than regular rod,
bar, plate, sheet, strip, or flat wire, that may be oval, half oval,
half round, triangular, pentagonal, or of any special cross
section furnished in straight lengths. Shapes shall not include
tube and pipe or other hollow sections.

4.3 Definitions of Terms Specific to This Standard:
4.3.1 orange peel, n—the surface roughness resulting from

working metal of large grain size. The surface is similar in
texture to that of the outside surface of an orange.

5. Ordering Information

5.1 Include the following information in orders for product
under this specification:

5.1.1 ASTM specification designation and year of issue,
5.1.2 Copper UNS No. (see 7.1 and Table 1),
5.1.3 Temper required (see 8.1 and Table 2),
5.1.4 Dimensions and form,
5.1.5 When product is ordered forASME Boiler and Pres-

sure Vessel Codeapplications (see Section 16),
7 Annual Book of ASTM Standards, Vol 01.01.

TABLE 1 Chemical Requirements

NOTE 1—If the type of silver-bearing copper is not specified (that is whether tough pitch, phosphorized, or oxygen-free), any one of the three types
may be supplied at the option of the manufacturer.

Composition % Maximum (Unless shown as a range or minimum)

Copper
UNS No.

Copper
(Incl. Silver)

Phos-
phorus

Silver Oxygen Tellurium Tin

C10100 99.99Amin B B B B B

C10200 99.95Cmin ... ... 0.0010 ... ...
C10300 99.95Dmin 0.001–0.005 ... ... ... ...
C10400E 99.95Cmin ... 8F 0.0010 ... ...
C10500E 99.95Cmin ... 10F 0.0010 ... ...
C10700E 99.95Cmin ... 25F 0.0010 ... ...
C10800 99.95Dmin 0.005–0.012 ... ... ... ...
C10920 99.90 min ... ... 0.02 ... ...
C10930 99.90 min ... 13F 0.02 ... ...
C10940 99.90 min ... 25F 0.02 ... ...
C11000 99.90 min ... ... G ... ...
C11300H 99.90 min ... 8F G ... ...
C11400H 99.90 min ... 10F G ... ...
C11500H 99.90 min ... 16F G ... ...
C11600H 99.90 min ... 25F G ... ...
C12000 99.90 min 0.004–0.012 ... ... ... ...
C12200 99.90 min 0.015–0.040 ... ... ... ...

A Copper value is determined by the difference between the impurity total and 100 %. The copper value is exclusive of Ag.
B Impurity maximums in ppm of C10100 shall be: antimony 4, arsenic 5, bismuth 1, cadmium 1, iron 10, lead 5, manganese 0.5, nickel 10, oxygen 5, phosphorus 3,

selenium 3, silver 25, sulfur 15, tellurium 2, tin 2, and zinc 1.
C Copper value is determined by the difference between the impurity total and 100 %.
D Copper (includes silver) + phosphorus, min.
E C10400, C10500, and C10700 are oxygen-free coppers with the addition of a specified amount of silver. The compositions of these alloys are equivalent to C10200

plus the intentional addition of silver.
F Values are minimum silver in Troy ounces per Avoidupois ton (1 oz/ton is equivalent to 0.0034 %).
G Oxygen and trace elements may vary depending on the process.
H C11300, C11400, C11500, and C11600 are electrolytic tough-pitch copper with silver additions. The compositions of these alloys are equivalent to C11000 plus the

intentional addition of silver.
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5.1.6 Shapes; dimensional tolerances required and agreed
upon (see 13.3),

5.1.7 Quantity; number of pounds, pieces, or footage re-
quired,

5.1.8 Length: stock or specific (see 13.5), and
5.1.9 When material is purchased for agencies of the U.S.

government (see Section 12).
5.2 The following options are available and should be

specified in the contract or purchase order when required:
5.2.1 Heat identification or traceability details required,
5.2.2 Hydrogen embrittlement test,
5.2.3 Bend test,
5.2.4 Certification,
5.2.5 Mill test reports,
5.2.6 Special packaging requirements,
5.2.7 Edges other than finished edges (see 6.2.1.2), and
5.2.8 Edge contours other than square edge (see 13.7).

6. Materials and Manufacture

6.1 Material:
6.1.1 The materials shall conform to the published compo-

sitional requirements of the Copper or Copper Alloy UNS No.
designation specified in the ordering information.

6.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

6.2 Manufacture:
6.2.1 Edges:
6.2.1.1 Bar shall be furnished with finished edges (see 13.7)

unless otherwise specified at the time of order placement.

6.2.1.2 Bar may be furnished with sawed edges and de-
burred corners upon agreement between the manufacturer or
supplier and the purchaser (see 5.2.7).

7. Chemical Composition

7.1 The specified copper shall conform to the chemical
requirements prescribed in Table 1.

7.2 These specification limits do not preclude the possible
presence of other elements. Limits for unnamed elements may
be established and analysis required by agreement between the
manufacturer or the supplier and the purchaser.

8. Temper

8.1 Tempers available under this specification and as de-
scribed in Classification B 601 are as follows:

Temper Designation
Standard Former

O60 soft anneal
H04 hard

9. Physical Property Requirements

9.1 Electrical Resistivity—Bar, rod, and shapes of alloys
Copper UNS Nos. C10100, C10200, C10300, C10400,
C10500, C10700, C10920, C10930, C10940, C11000, C11300,
C11400, C11500, and C11600, shall conform to the electrical
resistivity limits prescribed in Table 2 for specified copper,
temper, form, and size when determined in accordance with
Test Method B 193.

TABLE 2 Mechanical (All Alloys) and Electrical Requirements A (Conductor Alloys Only)

Temper Designation

Diameter or
Distance
Between
Parallel

Surfaces, in.

Tensile Strength,
ksi, [MPa]B

Yield Strength,
ksi, [MPa] MinC

Elongation
in 4 3

Diameter
or Thickness
of Specimen

Min. %D

Bend Test
Angle of
Bend °

Electrical Resistivity,E Max, V·g/m2 at 20°C (68°F)

Standard Former Min Max Min C10100

C10200, C10400,
C10500, C10700,
C10920, C10930,
C10940, C11000,
C11300, C11400,
C11500, C11600

C10300

Rockwell
Hardness
F Scale,

60-kg Load,
1⁄16-in.
Ball

O60 Soft
anneal

Rod and bar:

All sizes 28 [195] 37 [255] 8 [55]C 25 180 0.151 76 0.153 28 0.156 14 50 max
H04 Hard Rod:

Up to 3⁄8 [10] incl. 45 [310] 60 [410] — 12 120 0.155 85 0.157 37 0.159 40 —
Over 3⁄8 [10] to
1 [25] incl.

40 [275] 55 [380] — 12 120 0.155 85 0.157 37 0.159 40 80 min

Over 1 [25] to
2 [50] incl.

35 [240] 50 [345] — 15 120 0.155 85 0.157 37 0.159 40 75 min

Over 2 [50] to
3 [75] incl.

33 [230] 48 [330] — 15 120 0.154 25 0.155 77 0.159 40 65 min

Over 3 [75] 30 [205] 48 [330] — 15 120 0.154 25 0.155 77 0.159 40 —
Bar:

Up to 3⁄8 [10] incl.
thickness and
up to 4 [110] incl.
in width

37.5 [260] 50 [345] — 10 120 0.155 85 0.157 37 0.159 40 80 min

All other sizes 33 [230] 50 [345] — 15 120 0.154 25 0.155 77 0.159 40 65 min
Channels, angles
and shapes

F F — 15 — 0.154 25 0.155 77 0.159 40 —

A See 9.1.
B ksi = 1000 psi.
C Light-straightening operation is permitted.
D In any case, a minimum gage length of 1 in. shall be used.
E See Appendix X1.
F Special agreement shall be made between the manufacturer or supplier and the purchaser.
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10. Mechanical Property Requirements

10.1 Tensile Requirements:
10.1.1 The bars and rod shall conform to the tensile, yield,

and elongation requirements of Table 2.
10.1.1.1 For shapes, the tensile requirements (if any) shall

be by agreement between the manufacturer and the purchaser.
10.2 Rockwell Hardness—Rockwell hardness tests offer a

quick and convenient method of checking copper of any
temper for general conformity to the requirements of tensile
strength. The approximate Rockwell hardness values for the
specified tempers are given in Table 2 for general information
and assistance in testing.

11. Performance Requirements

11.1 Bending Requirements:
11.1.1 When specified in the contract or purchase order, for

bar, bus bar, flat wire, and rod, test specimens shall withstand
being bent cold (right way bend) through an angle as specified
in Table 2 for the specified temper and size without fracture on
the outside of the bent portion and with no evidence of slivers,
cracks, orange peel, or similar surface defects being visible to
the unaided eye.

11.1.2 The bend shall be made on a radius equal to the
minimum cross-sectional dimension of the specimen, and this
dimension shall be radial to the bend.

11.1.3 The axis of the bend shall be at an angle of 90° to the
direction of rolling, drawing, or extrusion (right way bend).

11.1.4 Edgewise and wrong way bend test requirements for
bar or bus bar shall be by agreement between the manufacturer
or supplier and the purchaser.

11.2 Microscopical Examination:
11.2.1 Copper UNS Nos. C10100, C10200, C10300,

C10400, C10500, C10700, C10800, and C12000 shall be
substantially free of cuprous oxide as determined by Procedure
A, Microscopical Examination, of Test Methods B 577.

11.2.2 In case of dispute, testing shall be in accordance with
Procedure C, Closed Bend Test, of Test Methods B 577.

11.3 Embrittlement Test:
11.3.1 When specified in the contract or purchase order,

Copper UNS Nos. C10100, C10200, C10300, C10400,
C10500, C10700, C10800, and C12000 shall pass the em-
brittlement test described in Procedure B, Microscopical Ex-
amination of Thermally Treated Specimens, in Test Methods
B 577.

11.3.2 In case of dispute, testing shall be in accordance with
Procedure C, Closed Bend Test, of Test Methods B 577.

12. Orders for U.S. Government Agencies

12.1 Orders for agencies of the U.S. government shall
conform to the special government requirements stipulated in
the Supplemental Requirements section.

13. Dimensions, Mass, and Permissible Variations

13.1 The dimensions and tolerances for material manufac-
tured under this specification shall be as specified in the
following tables:

13.2 Diameter or Distance Between Parallel Surfaces:
13.2.1 Rod: Round, Hexagonal, Octagonal—See Table 3.
13.2.2 Bar: Rectangular and Square:
13.2.2.1Thickness Tolerances for Rectangular and Square

Bar—See Table 4 for rolled or drawn edges and Table 5 for
sawed edges with deburred corners.

13.2.2.2 Width Tolerances for Rectangular and Square
Bar—See Table 6 for rolled or drawn edges and Table 7 for
sawed edges with deburred corners.

13.3 Shapes—The dimensional tolerances of shapes shall be
as agreed upon by the manufacturer or supplier and the
purchaser and shall be specified in the order.

13.4 Coils—The coil size shall be as agreed upon between
the manufacturer or supplier and the purchaser and shall be
specified in the order.

13.5 Length:
13.5.1 Specified Length—When exact lengths are ordered,

the lengths shall be not less than the ordered length and shall
not exceed it by more than the amount specified in Table 8.

13.5.2 Stock Lengths—For material ordered in stock
lengths, full-length pieces shall be not less than the designated
length and shall not exceed it by more than 1 in. Short lengths
may be included as prescribed in Table 9.

13.6 Straightness—Unless otherwise specified in the con-
tract or purchase order, the material shall be supplied in straight
lengths. The deviation from absolute straightness of any
longitudinal surface or edge shall not exceed the limitations
prescribed in Table 10.

13.6.1 To determine compliance with this section, rod and
bar shall, in case of disagreement, be checked by the following
method:

13.6.1.1 Place the rod or bar on a level table so that the arc
or departure from straightness is horizontal. Measure the
maximum depth of arc to the nearest1⁄32 in. [0.8 mm] using a
steel scale and a straight edge.

13.7 Edge Contours:
13.7.1 Angles—All polygonal sections shall have substan-

tially exact angles and sharp corners.

TABLE 3 Diameter Tolerances for Cold-Drawn Rod (H04 and O60 Tempers)

Diameter or Distance Between
Parallel Surfaces, in. [mm]

Tolerances, Plus and Minus,A in. [mm]

Round Hexagonal or Octagonal

Up to 0.150 [3.8] incl. 0.0013 [0.035] 0.0025 [0.06]
Over 0.150 [3.8] to 0.500 [12] incl 0.0015 [0.04] 0.003 [0.08]
Over 0.500 [12] to 1.00 [25] incl. 0.002 [0.05] 0.004 [0.10]
Over 1.00 [25] to 2.00 [50] incl. 0.0025 [0.06] 0.005 [0.13]
Over 2.00 [50] 0.15B 0.30B

A When tolerances are specified as all plus or all minus, double the values given.
B Percent of specified diameter or distance between parallel surfaces expressed to the nearest 0.001 in. [0.025 mm].
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13.7.2 Square Corners—Unless otherwise specified in the
contract or purchase order, bar shall be finished with commer-
cially square corners with the maximum permissible radius
shown in Table 11.

13.7.3 Rounded Corners—When specified in the contract or
purchase order, bar may be finished with corners rounded as
shown in Fig. 1 to a quarter circle with a radius as shown in
Table 12. The tolerance on the radius shall be625 %.

13.7.4 Rounded Edge—When specified in the contract or
purchase order, bar may be finished with edges rounded as
shown in Fig. 2, with a radius of curvature as shown in Table
13.

13.7.5 Full Rounded Edge—When specified in the contract
or purchase order, bar may be finished with substantially

uniform round edges, the radius of curvature being approxi-
mately one half the thickness of the product as shown in Fig.
3, but in no case to exceed one half the thickness of the product
by more than 25 %.

13.7.6 Shapes—Products with edge or corner contours other
than described in 13.7.1-13.7.5 are classified as shapes.

NOTE 2—For the purpose of determining conformance with the dimen-
sional requirements prescribed in this specification, any measured value
outside the specified limiting values for any dimension may be cause for
rejection.

14. Specimen Preparation

14.1 Microscopical Examination—Specimen preparation
shall be in accordance with Procedure A of Test Methods
B 577.

15. Test Methods

15.1 Refer to Specification B 249/B 249M for the appropri-
ate mechanical test method.

TABLE 4 Thickness Tolerances for Drawn or Rolled Rectangular and Square Bar Plus and Minus, A in. [mm]

Thickness
Width, in. [mm]

2 [50]
and Under

Over 2 [50]
to 4 [100] incl.

Over 4 [100]
to 8 [200] incl.

Over 8 [200]
to 12 [300] incl.

Up to 0.500 [13], incl. 0.003 [0.08] 0.004 [0.10] 0.0045 [0.11] 0.0055 [0.14]
Over 0.500 [13] to 1.000 [25], incl. 0.004 [0.10] 0.0045 [0.11] 0.005 [0.13] 0.006 [0.15]
Over 1.000 [25] to 2.000 [50], incl. 0.0045 [0.11] 0.005 [0.13] 0.006 [0.15] ...

A When tolerances are specified as all plus or all minus, double the values given.

TABLE 5 Thickness Tolerances for Sawed Edge, Deburred Corner Rectangular and Square Bar,
Plus and Minus, A in. [mm] for Widths Given in Inches [mm]

Thickness 2 [50] and Under incl.
Over 2 [50] to 4

[100] incl.
Over 4 [100] to 8

[200] incl.
Over 8 [200] to 12

[300] incl.

Up to 0.250 [6], incl. 0.0025 [0.06] 0.003 [0.08] 0.0035 [0.09] 0.005 [0.13]
Over 0.250 [6]

to 0.375 [10] incl.
0.003 [0.08] 0.004 [0.10] 0.0045 [0.11] 0.005 [0.13]

Over 0.375 [10]
to 0.500 [13] incl.

0.0035 [0.09] 0.0045 [0.11] 0.005 [0.13] 0.006 [0.15]

Over 0.500 [13]
to 0.750 [19] incl.

0.0055 [0.14] 0.0055 [0.14] 0.0055 [0.14] 0.007 [0.18]

Over 0.750 [19]
to 1.000 [25] incl.

0.007 [0.18] 0.007 [0.18] 0.007 [0.18] 0.009 [0.23]

Over 1.000 [25]
to 1.500 [38] incl.

0.015 [0.38] 0.020 [0.50] 0.022 [0.55] 0.025 [0.60]

Over 1.500 [38]
to 2.000 [50] incl.

0.020 [0.50] 0.024 [0.60] 0.026 [0.65] 0.030 [0.75]

A When tolerances are specified as all plus or all minus, double the values given.

TABLE 6 Width Tolerances for Drawn or Rolled Rectangular and
Square Bar

Width, in. [mm]
Tolerances, Plus and Minus,A

in. [mm]

2 [50] and under 0.008 [0.2]
Over 2 [50] to 4 [100], incl. 0.012 [0.3]
Over 4 [100] to 12 [310] incl. 0.30B

A When tolerances are specified as all plus or all minus, double the values given.
B Percent of specified width expressed to the nearest 0.001 in. [0.01 mm].

TABLE 7 Width Tolerances for Sawed Edge with Deburred
Corner Rectangular and Square Bar, Plus and Minus, in. [mm] A

Thickness
Width, in. [mm]

12 [300] and under incl. Over 12 [300]

Up to 1.500 [40], incl 1⁄32[0.8] 1⁄16[1.6]
Over 1.500 [40] 1⁄16[1.6] 1⁄16[1.6]

A When tolerances are specified as all plus or all minus, double the values given.

TABLE 8 Length Tolerances for Rod, Bar, and Shapes (Full-
Length Pieces Specific and Stock Lengths

with or without Ends)

Length Classification
Tolerances, All Plus, in. [mm]

(Applicable Only to
Full-Length Pieces)

Specific lengths
Up to 6 ft. [1800 mm] 1⁄8[3]
Over 6 to 15 ft. [1800 to 4500 mm] 1⁄4[6]
Over 15 ft. [4500 mm] 1⁄2[13]

Specific lengths with ends 1 [25]
Stock lengths with or without ends 1 [25]
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15.2 Chemical composition shall, in case of disagreement
be determined as follows:

Element ASTM Test Method

Copper E 53
Phosphorus E 62
Selenium Refer to Annex, Specification B 216
Silver E 478
Tellurium Refer to Annex, Specification B 216

15.2.1 For Copper No. C10100, refer to the Annex of
Specification B 170 for test methods.

15.2.2 Test method(s) for the determination of element(s)
resulting from contractual or purchaser order agreement shall
be as agreed upon between the manufacturer or supplier and
the purchaser.

16. Certification

16.1 When product is ordered to meet the requirements of
the ASME Boiler and Pressure Vessel Code, the certification
requirements of Specification B 249/B 249M are mandatory.

TABLE 9 Schedule of Lengths (Specific and Stock) with Ends

Diameter or Distance
Between Parallel Surfaces

for Round Hexagonal,
Octagonal Rod and
Square Bar, in. [mm]

Rectangular Bar
Area,A in2 [mm2]

Nominal Length, ft
[mm]

Shortest
Permissible

LengthB % of
Nominal Length

Maximum Permissible
Weight of Ends, % of

Lot Weight

1⁄2[13]
and under

0.250 [160] and under 6 to 14
[1800 to 4300] incl.

75 20

Over 1⁄2to 1
[13 to 25] incl.

Over 0.250 to 1
[160 to 650] incl.

6 to 14
[1800 to 4300] incl.

70 30

Over 1 to 11⁄2
[25 to 40] incl.

Over 1 to 2.25
[650 to 1450] incl.

6 to 12
[1800 to 3600] incl.

60 40

Over 11⁄2 to 2
[40 to 50] incl.

Over 2.25 to 4
[1450 to 2600] incl.

6 to 12
[1800 to 3600] incl.

50 45

Over 2 to 3
[50 to 75] incl.

Over 4 to 9
[2600 to 5000] incl.

6 to 10
[1800 to 3000] incl.

40 50

A Width times thickness, disregarding any rounded corner or edges.
B Expressed to the nearest 1⁄2 ft [100 mm].

TABLE 10 Straightness Tolerances Applicable to Any
Longitudinal Surface or Edge

Maximum
Curvature

(Depth of Arc),
in. [mm]

Portion of Total Length
in Which Depth of Arc
Is Measured, in. [mm]

Rod 1⁄2[13] 120 [3000]
Shapes 1⁄2[13] 72 [1800]
Bar (except hard rectangular bar

listed in following line)

1⁄4[6] 60 [1500]

Hard rectangular bar 1⁄8 to 5⁄8 in.
[3 to 15 mm] incl., in thickness,
having widths ranging from
2 to 6 in. [50 to 150], incl.

1⁄8[3] 96 [2400]

TABLE 11 Radius for Square Corners

Specified Thickness, in. [mm]
Maximum Radius Permissible for

Square Corners, in. [mm]

Up to 3⁄16 [5] incl. 1⁄64[0.4]
Over 3⁄16 to 1 [5 to 25] incl. 1⁄32[0.8]
Over 1 [25] 1⁄16[1.6]

NOTE 1—The arc shall not necessarily be tangent at points,A, but the
product shall be commercially free from sharp, rough, or projecting edges.

FIG. 1 Rounded Corners

TABLE 12 Radius for Rounded Corners

Specified Thickness,
in. [mm]

Nominal Radius of Corners, in. [mm]

For Widths Up
to and Including
23 Thickness

For Widths More
Than 23 Thickness

Up to 1⁄8 [2], incl. 1⁄64[0.4] full rounded edges as
given in 13.7.5

Over 1⁄8 to 3⁄16[2 to 6],
incl.

1⁄32[0.8] 1⁄32[0.8]

Over 3⁄16 to 1 [6 to 25],
incl.

1⁄16[1.6] 1⁄16[1.6]

Over 1 [25] 1⁄8[3] 1⁄8[3]

NOTE 1—The arc shall be substantially symmetrical with the axis of the
product. The corners,A, will usually be sharp, but shall not have rough or
projecting edges.

FIG. 2 Rounded Edge

TABLE 13 Radius for Rounded Edge

Specified Thickness,
in. [mm]

Nominal Radius of
Rounded Edge,

in. [mm]

Tolerance on Radius,
Plus and Minus,

in. [mm]
Up to 3⁄16 [5], incl. 11⁄4 3 thickness 1⁄2 3 thickness
Over 3⁄16 [5] 11⁄4 3 thickness 1⁄4 3 thickness
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17. Keywords
17.1 bar; bus bar; copper; electrical conductors; embrittle-

ment test; rod; shapes; UNS No. C10100; UNS No. C10200;
UNS No. C10300; UNS No. C10400; UNS No. C10500; UNS
No. C10700; UNS No. C10920; UNS No. C10930; UNS No.
C10940; UNS No. C11000; UNS No. C11300; UNS No.
C11400; UNS No. C11500; UNS No. C11600; UNS No.
C10800; UNS No. C12000; UNS No. C12200

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:8

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standards:8

MIL-STD-105 Sampling Procedures and Table for Inspec-
tion by Attributes

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:8

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection:—Unless otherwise
specified in the contract or purchase order, the manufacturer is
responsible for the performance of all inspection and test
requirements specified. Except as otherwise specified in the
contract or purchase order, the manufacturer may use his own
or any other suitable facilities for the performance of the

inspection and test requirements unless disapproved by the
purchaser at the time the order is placed. The purchaser shall
have the right to perform any of the inspections or tests set
forth when such inspections and tests are deemed necessary to
ensure that the material conforms to prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade or class and shall be preserved and
packaged, Level A or C, packed Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

8 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

NOTE 1—The arc shall not necessarily be tangent at points,A, but shall
be substantially symmetrical with the axis of the product, and the product
shall be commercially free from sharp, rough, or projecting edges.

FIG. 3 Full Rounded Edge
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APPENDIX

(Nonmandatory Information)

X1. RESISTIVITY

X1.1 “Resistivity” is used in place of “conductivity.” The

value of 0.153 28V·g/m2 at 20°C (68°F) is the international
standard for the resistivity of annealed copper equal to 100 %
conductivity. This term means that a wire 1 m in length and
weighing 1 g would have a resistance of 0.153 28V. This is
equivalent to a resistivity value of 875.20V·lb/mile2, which
signifies the resistance of a wire 1 mile in length weighing 1 lb.
It is also equivalent, for example, to 1.7241 µV/cm of length of
a bar 1 cm2 in cross section. A complete discussion of this

subject is contained inNBS Handbook 100of the National

Institute of Standards Technology.9 Relationships that may be
useful in connection with the values of resistivity prescribed in
this specification are as shown in Table X1.1, each column
containing equivalent expressions at 20°C (68°F):

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 187 – 00e1) that may impact the use of this standard (approved Oct. 10, 2002).

(1) Combination of the SI and inch-pound documents.
(2) Changes to Chemical Table to conform to latest UNS
revision.
(3) Clarification of usage of thickness and width tolerance
tables. Rolled or drawn edges to use Table 4 and Table 6.
Sawed deburred bar to use Table 5 and Table 7.
(4) Clarified Table 3 with respect to O60 and H04 Tempers.

(5) Clarified Title and Scope to reflect Bus (electrical) and
general purpose (non electrical) requirements.

(6) Addition of Minimum Yield Strength requirement for O60
Tempers.

(7) Corrected typographical error in Table X1.1 Resistivity
Relationships from 98.16 to 96.16.

Committee B05 has identified the location of selected changes to this standard since the last issue (B 187 – 02)
that may impact the use of this standard (approved Apr. 10, 2003).

(1) AddedASME Boiler and Pressure Vessel Codeinformation
to Section 5 and the new Section 16.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

9 Available from National Institute of Standards and Technology (NIST), 100
Bureau Dr., Stop 3460, Gaithersburg, MD 20899-3460.

TABLE X1.1 Resistivity Relationships

Conductivity at
68°F,%

101.0 100.0 98.40 98.16 97.40 96.16 90.0 88.0

V·g/m2 0.151 76 0.153 28 0.155 77 0.156 14 0.157 37 0.159 40 0.170 31 0.174 18
V·lb/mile2 886.53 875.20 889.42 891.60 898.55 910.15 972.44 994.55
V·cmil/ft 10.268 10.371 10.539 10.565 10.648 10.785 11.523 11.785
V·mm2/m 0.017 070 0.017 241 0.017 521 0.017 564 0.017 701 0.017 930 0.019 156 0.019 592
µV·in. 0.672 07 0.678 79 0.689 81 0.691 51 0.696 90 0.705 90 0.754 21 0.771 35
µV·cm 1.7070 1.7241 1.7521 1.7564 1.7701 1.7930 1.9157 1.9592
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Designation: B 188 – 02

Standard Specification for
Seamless Copper Bus Pipe and Tube 1

This standard is issued under the fixed designation B 188; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for seam-
less copper bus pipe and tube intended for use as electrical
conductors.

1.1.1 The product shall be made from one of the following
coppers, as denoted in the ordering information:2

Previously
Copper Used Desig-

UNS No.2 nation Type of Copper

C10100 OFE Oxygen-free, electronic
C10200 OF Oxygen-free without residual deoxidants
C10300 — Oxygen-free, extra low phosphorus
C10400, C10500,

C10700
OFS Oxygen-free, silver bearing

C11000 ETP Electrolytic tough pitch
C11300, C11400,

C11600
STP Silver-bearing tough pitch

C12000 DLP Phosphorized, low residual phosphorus

1.2 Unless otherwise specified, any one of the above cop-
pers may be furnished.

1.3 The values stated in inch-pound units are the standard.
The SI values given in parentheses are for information only.

2. Referenced Documents

2.1 ASTM Standards:
B 193 Test Method for Resistivity of Electrical Conductor

Materials3

B 428 Test Method for Angle of Twist in Rectangular and
Square Copper and Copper Alloy Tube4

B 577 Test Methods for Detection of Cuprous Oxide (Hy-
drogen Embrittlement Susceptibility) in Copper4

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast4

B 846 Terminology of Copper and Copper Alloys4

E 8 Test Methods for Tension Testing of Metallic Materials5

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials5

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications6

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry7

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)7

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes8

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition7

E 527 Practice for Numbering Metals and Alloys (UNS)9

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

3.2 Definitions:
3.2.1 bus pipe or tube—a high conductivity copper tubular

product used as an electrical conductor.

4. Ordering Information

4.1 Include the following information when placing orders
for product under this specification:

4.1.1 ASTM designation and year of issue,
4.1.2 Copper UNS designation,
4.1.3 Temper (Section 7),
4.1.4 Dimensions and form (Section 14),
4.1.5 Length (Section 14),
4.1.6 Total quantity of each size (Table 1),
4.1.7 Quantity of each item,
4.2 The following options are available under this specifi-

cation and should be specified in the contract or purchase order
when required:

4.2.1 Bend test (Section 10),
4.2.2 Hydrogen embrittlement susceptibility test (Section

12),

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved April 10, 2002. Published June 2002. Originally
published as B 188 – 44 T. Last previous edition B 188 – 00.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.03.
4 Annual Book of ASTM Standards, Vol 02.01.

5 Annual Book of ASTM Standards, Vol 03.01.
6 Annual Book of ASTM Standards, Vol 14.02.
7 Annual Book of ASTM Standards, Vol 03.05.
8 Annual Book of ASTM Standards, Vol 03.03.
9 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.
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4.2.3 Microscopical examination (Section 11),
4.2.4 Tension testing (Section 9),
4.2.5 Eddy-current test (Section 13),
4.2.6 Certification (Section 23),
4.2.7 Mill test report (Section 24), and
4.2.8 Special packaging, if required (Section 25).

5. Materials and Manufacture

5.1 Material:
5.1.1 The material of manufacture shall be cast billet of one

of the UNS copper alloy numbers included in the scope, and as
so specified in the contract or purchase order, and shall be of
such soundness as to be suitable for processing into lengths of
pipe or tube for the intended application.

5.2 Manufacture:
5.2.1 The material shall be manufactured by such hot-

working, cold-working, and annealing processing as to produce
a uniform, seamless wrought structure in the finished product.

5.2.2 The method of manufacture shall be such that the
finished material conforms to the specified temper properties
(see 7.1).

6. Chemical Composition

6.1 The material shall conform to the requirements in Table
2 for the copper UNS No. specified in the ordering information.

6.2 These composition limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established and analysis required by agreement between the
manufacturer or supplier and purchaser.

7. Temper

7.1 The material shall be furnished in either the O60 (soft
anneal) or H80 (hard drawn) temper as defined in Classification
B 601. The requirements are specified in Table 3.

8. Electrical Resistivity Requirements

8.1 The material shall conform to the maximum electrical
resistivity requirements prescribed in Table 3.

9. Mechanical Property Requirements

9.1 The product shall conform to the mechanical property
requirements prescribed in Table 3.

9.1.1 Tension testing for tensile and elongation information
need not be performed except when indicated by the purchaser
at the time of placing the order (see 4.2.4).

9.1.2 The tension test shall be used to resolve cases of
dispute.

9.2 All test specimens shall be tested in full size when
practicable. When a machined specimen becomes necessary
for any test required under this specification, enough metal

TABLE 1 Dimensions and Weights of Copper Pipe, Nominal or Standard Pipe Sizes A

Nominal or Standard
Pipe Size, in.

Dimensions, in. (mm) Cross-Sectional Area of
Wall, in.2(mm2)

Theoretical Weight, lb/ft
(kg/m)Outside Diameter Inside Diameter Wall Thickness

Regular

1⁄4 0.540(13.7) 0.376(9.55) 0.082(2.08) 0.118(0.761) 0.457(0.680)
3⁄8 0.675(17.1) 0.495(12.6) 0.090(2.29) 0.165(1.06) 0.641(0.954)
1⁄2 0.840(21.3) 0.626(15.9) 0.107(2.72) 0.246(1.59) 0.955(1.42)
3⁄4 1.050(26.7) 0.822(20.9) 0.114(2.90) 0.335(2.16) 1.30(1.93)

1 1.315(33.4) 1.063(27.0) 0.126(3.20) 0.471(3.04) 1.82(2.71)
11⁄4 1.660(42.2) 1.368(34.7) 0.146(3.71) 0.694(4.48) 2.69(4.00)
11⁄2 1.900(48.3) 1.600(40.6) 0.150(3.81) 0.825(5.32) 3.20(4.76)
2 2.375(60.3) 2.063(52.4) 0.156(3.96) 1.09(7.03) 4.22(6.28)
21⁄2 2.875(73.0) 2.501(63.5) 0.187(4.75) 1.58(10.2) 6.12(9.11)
3 3.500(88.9) 3.062(77.8) 0.219(5.56) 2.26(14.6) 8.75(13.0)
31⁄2 4.000 (102) 3.500(88.9) 0.250(6.35) 2.95(19.0) 11.4(17.0)
4 4.500 (114) 4.000 (102) 0.250(6.35) 3.34(21.5) 12.9(19.2)
5 5.562 (141) 5.062 (129) 0.250(6.35) 4.17(26.9) 16.2(24.1)
6 6.625 (168) 6.125 (156) 0.250(6.35) 5.01(32.3) 19.4(28.9)
8 8.625 (219) 8.001 (203) 0.312(7.92) 8.15(52.6) 31.6(47.0)

10 10.750 (273) 10.020 (255) 0.365(9.27) 11.9(76.8) 46.2(68.7)
12 12.750 (324) 12.000 (305) 0.375(9.52) 14.6(94.2) 56.5(84.1)

Extra Strong

1⁄4 0.540(13.7) 0.294(7.47) 0.123(3.12) 0.161(1.04) 0.625(0.930)
3⁄8 0.675(17.1) 0.421(10.7) 0.127(3.23) 0.219(1.41) 0.847(1.26)
1⁄2 0.840(21.3) 0.542(13.8) 0.149(3.78) 0.323(2.08) 1.25(1.86)
3⁄4 1.050(26.7) 0.736(18.7) 0.157(3.99) 0.440(2.84) 1.71(2.54)

1 1.315(33.4) 0.951(24.2) 0.182(4.62) 0.648(4.18) 2.51(3.73)
11⁄4 1.660(42.2) 1.272(32.3) 0.194(4.93) 0.893(5.76) 3.46(5.15)
11⁄2 1.900(48.3) 1.494(37.9) 0.203(5.16) 1.08(6.97) 4.19(6.23)
2 2.375(60.3) 1.933(49.1) 0.221(5.61) 1.50(9.68) 5.80(8.63)
21⁄2 2.875(73.0) 2.315(58.8) 0.280(7.11) 2.28(14.7) 8.85(13.2)
3 3.500(88.9) 2.892(73.6) 0.304(7.72) 3.05(19.7) 11.8(17.6)
31⁄2 4.000 (102) 3.358(85.3) 0.321(8.15) 3.71(23.9) 14.4(21.4)
4 4.500 (114) 3.818(97.0) 0.341(8.66) 4.46(28.8) 17.3(25.7)
5 5.562 (141) 4.812 (122) 0.375(9.52) 6.11(39.4) 23.7(35.3)
6 6.625 (168) 5.751 (146) 0.437(11.1) 8.50(54.8) 32.9(49.0)
8 8.625 (219) 7.625 (194) 0.500(12.7) 12.8(82.6) 49.5(73.7)

10 10.750 (273) 9.750 (248) 0.500(12.7) 16.1(104) 62.4(92.9)
A 1 in.2 = 1 270 000 cmil.
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shall be suitably removed from the sample to meet the
limitations of the testing facilities.

10. Bend Test Requirements

10.1 The product shall conform to the bend testing require-
ments prescribed in Table 3.

10.1.1 Bend testing need not be performed except when
indicated by the purchaser at the time of placing the order (see
4.2.4).

11. Microscopical Examination

11.1 The test specimens of material designated as Copper
UNS Nos. C10100, C10200, C10300, C10400, C10500,
C10700, and C12000 shall be free of cuprous oxide as

determined by Procedure A of Test Method B 577. In case of a
dispute, a referee method in accordance with Procedure C shall
be used.

11.1.1 The test need not be performed except when indi-
cated at the time of placing the order (see 4.2.3).

12. Hydrogen Embrittlement Susceptibility Test

12.1 When tested, material designated as Copper UNS Nos.
C10100, C10200, C10300, C10400, C10500, C10700, and
C12000 shall pass the embrittlement test of Procedure B of
Test Method B 577. The actual performance of this test is not
mandatory under the terms of this specification unless specified
in the ordering information (see 4.2.3). In case of dispute, a

TABLE 2 Chemical Requirements

NOTE 1—If the type of silver-bearing copper is not specified (that is, whether tough-pitch, phosphorized, or oxygen-free) any one of the three types
may be supplied at the option of the manufacturer.

Element
Composition, %
Copper UNS No.

C10100A C10200 C10300 C10400B C10500B C10700B C11000 C11300C C11400C C11600C C12000
Copper (incl silver), min 99.99D 99.95 99.95E 99.95 99.95 99.95 99.90 99.90 99.90 99.90 99.90
Phosphorus A ... 0.001–

0.005
... ... ... ... ... ... ... 0.004–

0.0012
Oxygen, max. 0.0005 0.0010 ... 0.0010 0.0010 0.0010 ... ... ... ... ...
Silver A ... ... 8F 10F 25F ... 8F 10F 25F ...

A Impurity maximums in ppm of C10100 shall be: antimony 4, arsenic 5, bismuth 1.0, cadmium 1, iron 10, lead 5, manganese 0.5, nickel 10, phosphorus 3, selenium
3, silver 25, sulfur 15, tellurium 2, tin 2, and zinc 1.

B C10400, C01500, and C10700 are oxygen-free coppers with the addition of a specified amount of silver. The compositions of these alloys are equivalent to C10200
plus the intentional addition of silver.

C C11300, C11400, C11500, and C11600 are electrolytic tough-pitch copper with silver additions. The compositions of these alloys are equivalent to C11000 plus the
intentional addition of silver.

D Copper shall be determined by difference between “impurity total” and 100 %.
E Copper (includes silver) + phosphorus, min.
F Values are minimum silver in troy ounces per avoirdupois ton (1 oz/ton is equivalent to 0.0034 %).

TABLE 3 Mechanical and Electrical Properties A

Temper Designation

Classification and Size

Tensile Strength ksi
(MPa)B

Elongation
in 2 in. (51

mm), min, %

Bend Test
Angle of
Bend,°

Electrical ResistivityB max at 20°C (68°F),
V·g/m2

Rockwell
Hardness (F
Scale) 60-kg
Load 1⁄16-in.

Ball

Copper UNS No.

Standard Former min max C10100

C10200,
C10400,
C10500,
C10700,
C11000,
C11300,
C11400,

and
C11600

C10300 C12000

O60 Soft All types, all sizes ... 37 (255) 25 180 0.15176 0.15328 0.15614 0.17031 50 max
H80 Hard Rectangular or square:

up to 6-in. (152-mm) major out-
side dimension, incl up to 3⁄16-

in. (4.8-mm) wall thickness,
incl

35 (240) ... 8 ... 0.15585 0.15737 0.15940 0.17418 75 min

over 3⁄16-in. (4.8-mm) wall thick-
ness

33 (230) ... 15 ... 0.15521 0.15673 0.15940 0.17418 65 min

over 6-in. (152-mm) major out-
side dimension

32 (220) ... 20 ... 0.15425 0.15577 0.15940 0.17418 65 min

Round (pipe and tube):
up to 4-in. (102-mm) outside

diameter, incl
40 (275) ... 3 90 0.15713 0.15865 0.15940 0.17418 80 min

over 4-in. (102-mm) outside diam-
eter

38 (260) ... 6 ... 0.15585 0.15737 0.15940 0.17418 75 min

A See 6.1.
B See Appendix X2.
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referee method in accordance with Procedure C of Method
B 577 shall be employed.

13. Nondestructive Testing

13.1 When specified (see 4.2.5), the product shall be tested
in the final size but may be tested before the final anneal or heat
treatment, when these thermal treatments are required, unless
otherwise agreed upon by the manufacturer or supplier and
purchaser.

13.2 Eddy-Current Test—When specified, each piece of
product from 1⁄8-in. (3.2-mm) up to and including 31⁄8-in.
(79.4-mm) nominal outside diameter, or 21⁄2-in. (63.5-mm)
distance between outside parallel surfaces, shall be subjected to
an eddy-current test. Testing shall follow the procedures of
Practice E 243 except for determination of “end effect.” The
product shall be passed through an eddy-current testing unit
adjusted to provide information on the suitability of the product
for the intended application.

13.2.1 Notch-depth standards rounded to the nearest 0.001
in. (0.025 mm) shall be 22 % of the nominal wall thickness.
The notch depth tolerance shall be60.0005 in. (0.013 mm).
Alternatively, when the test is performed using speed-
insensitive equipment that can select a maximum imbalance
signal, a maximum imbalance signal of 0.3 % shall be used.

13.2.2 Product that does not actuate the signaling device of
the eddy-current test shall be considered as conforming to the
requirements of this test. Product with discontinuities indicated
by the testing unit may be reexamined or retested, at the option
of the manufacturer, to determine whether the discontinuity is
cause for rejection. Signals that are found to have been caused
by minor mechanical damage, soil, or moisture shall not be
cause for rejection of the product provided the dimensions of
the product are still within prescribed limits and the product is
suitable for its intended application.

14. Dimensions, Weights, and Permissible Variations

14.1 General—For the purpose of determining conform-
ance with the dimensional requirements given in this specifi-

cation, any measured value outside the specified limiting
values for any dimension may be cause for rejection.

14.2 Dimensions and Weights—The dimensions and
weights for nominal or standard copper pipe of various outside
diameters shall be as prescribed in Table 1.

14.3 Weight Tolerances—The weight of the nominal or
standard pipe shall not vary from the theoretical weight per
foot prescribed in Table 1 by more than the following:

Nominal or Standard Pipe Size, in. Weight Tolerance, %

6 and under 5
Over 6 to 8, incl 7
Over 8 8

14.4 Thickness Tolerances—The wall thickness of nominal
or standard pipe at any point shall not be less than that
prescribed in Table 3 by more than the following:

Nominal or Standard Pipe Size, in. Thickness Tolerance, %A

6 and under 5
Over 6 to 8, incl. 7
Over 8 8

_______________
A Expressed to the nearest 0.001 in. (0.025 mm).

14.5 Copper Tube (Other than Pipe):
14.5.1 Round Tube—Wall thickness tolerances shall be in

accordance with Table 4. Diameter tolerances shall be in
accordance with Table 5.

14.5.2 Rectangular Including Square Tube—Wall thickness
tolerances shall be in accordance with Table 6. The tolerances
on distance between parallel surfaces for rectangular and
square tube in straight lengths only shall be in accordance with
Table 7 and Fig. 1.

14.5.3 Length and Length Tolerances—Tube ordered to
specific or stock lengths with or without ends shall conform to
the tolerances prescribed in Table 8 and Table 9.

14.5.3.1 Pipe ordered to specific stock lengths with or
without ends shall conform to tolerances prescribed in Table 10
and Table 11.

14.6 Roundness—For drawn unannealed tube or pipe in
straight lengths, the roundness tolerances shall be as follows:

TABLE 4 Wall Thickness Tolerances for Copper Tube (Not Applicable to Pipe)

NOTE 1—Maximum Deviation at Any Point:The following tolerances are plus and minus; if tolerances all plus or all minus are desired, double the
values given.

Wall Thickness, in. (mm)

Outside Diameter, in. (mm)

Over 1⁄8 (3.15)
to 5⁄8 (15.9),

incl

Over 5⁄8 (15.9)
to 1 (25.4),

incl

Over 1 (25.4)
to 2 (50.8),

incl

Over 2 (50.8)
to 4 (102),

incl

Over 4 (102)
to 7 (178),

incl

Over 7 (178)
to 10 (254),

incl

Up to 0.017 (0.432) incl 0.001 (0.025) 0.0015 (0.038) 0.002 (0.051) ... ... ...
Over 0.017 (0.432) to 0.024 (0.610) incl 0.002 (0.051) 0.002 (0.051) 0.0025 (0.064) ... ... ...
Over 0.024 (0.610) to 0.034 (0.864) incl 0.0025 (0.064) 0.0025 (0.064) 0.003 (0.076) 0.004 (0.10) ... ...
Over 0.034 (0.864) to 0.057 (1.45) incl 0.003 (0.076) 0.0035 (0.089) 0.0035 (0.089) 0.005 (0.13) 0.007 (0.18)
Over 0.057 (1.45) to 0.082 (2.08) incl 0.0035 (0.089) 0.004 (0.10) 0.004 (0.10) 0.006 (0.15) 0.008 (0.20) 0.010 (0.25)
Over 0.082 (2.08) to 0.119 (3.02) incl 0.004 (0.10) 0.005 (0.13) 0.005 (0.13) 0.007 (0.18) 0.009 (0.23) 0.011 (0.28)
Over 0.119 (3.02) to 0.164 (4.17) incl 0.005 (0.13) 0.006 (0.15) 0.006 (0.15) 0.008 (0.20) 0.010 (0.25) 0.012 (0.30)
Over 0.164 (4.17) to 0.219 (5.56) incl 0.007 (0.18) 0.0075 (0.19) 0.008 (0.20) 0.010 (0.25) 0.012 (0.30) 0.014 (0.36)
Over 0.219 (5.56) to 0.283 (7.19) incl ... 0.009 (0.23) 0.010 (0.25) 0.012 (0.30) 0.014 (0.36) 0.016 (0.41)
Over 0.283 (7.19) to 0.379 (9.63) incl ... 0.012 (0.30) 5A 5A 6A 6A

Over 0.379 (9.62) ... ... 5A 5A 6A 6A

A Percent of the specified wall expressed to nearest 0.001 in. (0.025 mm).
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t/D (Ratio of Wall
Thickness to Outside

Diameter)
Roundness Tolerance, % of Outside Diameter
(Expressed to the Nearest 0.001 in. (0.025 mm))

0.01 to 0.03 incl 1.5
Over 0.03 to 0.05, incl 1.0
Over 0.05 to 0.10, incl 0.8 or 0.002 in. (0.51 mm), whichever is greater
Over 0.10 0.7 or 0.002 in. (0.51 mm), whichever is greater

14.6.1 Compliance with the roundness tolerance shall be
determined by taking measurements on the outside diameter
only, irrespective of the manner in which the tube dimensions
are specified.

14.6.2 The deviation from roundness is measured as the
difference between major and minor diameters as determined at
any one cross section of the tube.

14.6.3 No tolerances have been established for as-extruded
tube, redrawn tube, annealed tube, any tube furnished in coils,
or drawn tube whose wall thickness is under 0.016 in. (0.406
mm).

14.7 Squareness of Cut—For pipe and tube in straight
lengths, the departure from squareness of the end of any pipe
or tube shall not exceed the following:

14.7.1 Pipe:
Specified Outside
Diameter, in. (mm) Tolerance

Up to 5⁄8 (15.9), incl 0.010 in. (0.25 mm)
Over 5⁄8 (15.9) 0.016 in./in. (0.016 mm/mm) of diameter

14.7.2 Round Tube:
Specified Outside
Diameter, in. (mm) Tolerance

Up to 5⁄8 (15.9), incl 0.010 in. (0.25 mm)
Over 5⁄8 (15.9) 0.016 in./in. (0.016 mm/mm) of diameter

14.7.3 Rectangular and Square Tube:
Specified Distance

Between Major
Outside Parallel

Surface Tolerance

Up to 5⁄8 (15.9), incl 0.016 in. (0.41 mm)
Over 5⁄8 (15.9) 0.025 in./in. (0.025 mm/mm) of distance

between outside parallel surfaces

14.8 Straightness Tolerances:
14.8.1 Round Tubes—For round tubes of any drawn temper,

1⁄4 to 31⁄2 in. (6.35 to 88.9 mm) in outside diameter, inclusive,
the straightness tolerances shall be in accordance with Table
12.

14.8.2 Rectangular and Square Tubes—For rectangular and
square tubes of any drawn temper, the straightness tolerance
shall be1⁄2-in. (13-mm) maximum curvature (depth of arc) in
any 6-ft (1.8-m) portion of the total length.

14.9 Unit Weight—For purpose of calculating weights,
cross sections, and so forth, the density of the copper shall be
taken as 0.323 lb/in.3 (8.94 g/cm3).

14.10 Corner Radius: Rectangular and Square Tubes—The
permissible radii for commercially square corners shall be in
accordance with Table 13.

14.11 Twist Tolerances: Rectangular and Square Tubes—
The maximum twist about the longitudinal axis of drawn
temper rectangular and square tubes shall not exceed 1°/ft
(1°/305 mm) of length, measured to the nearest degree, and the
total angle of twist shall not exceed 20° when measured in
accordance with Test Method B 428. The requirement is not
applicable to tubes in the annealed temper or to tubes whose
specified major dimension is less than1⁄2 in. (12.7 mm).

15. Workmanship, Finish, and Appearance

15.1 The product shall be free of defects of a nature that
would interfere with the intended application. It shall be well
cleaned and free from dirt.

16. Sampling

16.1 The lot size, portion size, and sample size of the
finished product shall be as follows:

16.1.1 Lot Size—An inspection lot shall be 10 000 lb (4540
kg) or portion thereof, subject to inspection at one time.

16.1.2 Portion Size—A portion shall be taken to be repre-
sentative of a lot according to the following schedule:

Number of Pieces
in Lot

Number of Pieces
to be TakenA

1 to 50 1
51 to 200 2
201 to 1500 3
Over 1500 0.2 % of the total number of pieces

in the lot, but not to exceed 10
pieces

_______________

A Each test portion shall be taken from a separate tube.

16.2 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
millings, and so forth shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 17.1 and combined into one composite sample. The
minimum weight of the composite sample shall be 150 g.

16.2.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semifinished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

TABLE 5 Average Diameter Tolerances for Copper and Copper-
Alloy Tube

Specified Diameter, in. (mm)
Diameter to Which
Tolerance AppliesA

Tolerance, plus
and minus, in.

(mm)

Up to 5⁄8 (15.9), incl inside or outside 0.002 (0.051)
Over 5⁄8 (15.9) to 1 (25.4), incl inside or outside 0.0025 (0.064)
Over 1 (25.4) to 2 (50.8), incl inside or outside 0.003 (0.076)
Over 2 (50.8) to 3 (76.2), incl inside or outside 0.004 (0.10)
Over 3 (76.2) to 4 (102), incl inside or outside 0.005 (0.13)
Over 4 (102) to 5 (127), incl inside or outside 0.006 (0.15)
Over 5 (127) to 6 (152), incl inside or outside 0.007 (0.18)
Over 6 (152) to 8 (203), incl inside or outside 0.008 (0.20)
Over 8 (203) to 10 (254), incl inside or outside 0.010 (0.25)
A The average outside diameter of a tube is the average of the maximum and

minimum outside diameters, as determined at any one cross-section of the tube.

B 188 – 02

5



16.2.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

16.2.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 lb
(4550 kg) or fraction thereof, except that not more than one
sample shall be required per piece.

16.2.1.3 Due to the discontinuous nature of the processing
of castings into wrought products, it is not practical to identify
specific casting analysis with a specific quantity of finished
material.

16.2.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

17. Number of Tests and Retests

17.1 Specimens taken from each sample piece selected in
accordance with Section 16 shall be subjected to the Rockwell
hardness test and to the electrical resistivity or conductivity test
to determine conformance to the requirements prescribed in
Table 3. The values for the Rockwell hardness number of each
specimen shall be established by taking the arithmetical
average of at least three readings.

17.2 One specimen taken from each sample piece shall be
tested for tensile properties and one for bending, if required, to
determine conformance to the requirements in Table 3.

17.3 In the case of coppers designated as oxygen-free or
deoxidized, a section of each sample piece selected in accor-
dance with Section 16 shall be submitted to microscopical
examination as specified in Section 11 and also to the em-
brittlement test, if specified, as prescribed in Section 12.

17.4 Retests:
17.4.1 If any test specimen shows defective machining or

develops flaws, it may be discarded and another specimen
substituted.

17.4.2 If the percentage elongation of any tension test
specimen is less than that specified and any part of the fracture
is outside the middle two thirds of the gage length or in a
punched or scribed mark within the reduced section, a retest on
an additional specimen either from the same sample piece or
from a new sample piece shall be allowed.

17.4.3 If a bend test specimen fails as a result of conditions
of bending more severe than required by the specification, a
retest shall be permitted on a new sample piece or on the
remaining portion of the first sample piece.

17.4.4 If the results of the test on one of the specimens fail
to meet the specified requirements, two additional specimens
shall be taken from different sample pieces and tested. The
results of the tests on both of these specimens shall meet the
specified requirements. Failure of more than one specimen to
meet the specified requirements for a particular property shall
be cause for rejection of the entire lot.

TABLE 6 Wall Thickness Tolerances for Copper Rectangular and Square Tube

NOTE 1—Maximum deviation at any point. The following tolerances are plus and minus; if tolerances all plus or all minus are desired, double the values
given.

Wall Thickness, in. (mm)

Distance Between Outside Parallel Surface, in.A (mm)

1⁄32 (0.794) to
1⁄8 (3.18), incl

Over 1⁄8 (3.18)
to 5⁄8 (15.9),

incl

Over 5⁄8
(15.9) to 1

(25.4),
incl

Over 1 (25.4)
to 2 (50.8),

incl

Over 2 (50.8)
to 4 (102),

incl

Over 4 (102)
to 7 (178),

incl

Over 7 (178)
to 10 (254),

incl

Up to 0.017 (0.432) incl 0.002 (0.051) 0.002 (0.051) 0.0025 (0.064) 0.003 (0.076) ... ... ...
Over 0.017 (0.432) to 0.024 (0.610) incl 0.003 (0.076) 0.0025 (0.064) 0.003 (0.076) 0.0035 (0.089) ... ... ...
Over 0.024 (0.610) to 0.034 (0.864) incl 0.0035 (0.089) 0.0035 (0.089) 0.0035 (0.089) 0.004 (0.10) 0.006 (0.15) ... ...
Over 0.034 (0.864) to 0.057 (1.45) incl 0.004 (0.10) 0.004 (0.10) 0.0045 (0.11) 0.005 (0.12) 0.007 (0.18) 0.009 (0.23) ...
Over 0.057 (1.45) to 0.082 (2.08) incl ... 0.005 (0.13) 0.006 (0.15) 0.007 (0.18) 0.008 (0.20) 0.010 (0.25) 0.012 (0.30)
Over 0.082 (2.08) to 0.119 (3.02) incl ... 0.007 (0.18) 0.008 (0.20) 0.009 (0.23) 0.010 (0.25) 0.012 (0.30) 0.014 (0.36)
Over 0.119 (3.02) to 0.164 (4.17) incl ... 0.009 (0.23) 0.010 (0.25) 0.011 (0.28) 0.012 (0.30) 0.014 (0.36) 0.016 (0.41)
Over 0.164 (4.17) to 0.219 (5.56) incl ... 0.011 (0.28) 0.012 (0.30) 0.013 (0.33) 0.015 (0.38) 0.017 (0.43) 0.019 (0.48)
Over 0.219 (5.56) to 0.283 (7.19) incl ... ... 0.015 (0.38) 0.016 (0.41) 0.018 (0.46) 0.020 (0.51) 0.022 (0.56)

A In the case of rectangular tube, the major dimension determines the thickness tolerance applicable to all walls.

TABLE 7 Tolerances on Distance Between Parallel Surfaces for
Copper Rectangular and Square Tube

NOTE 1—The following tolerances are plus and minus; if tolerances all
plus or all minus are desired, double the values given.

Dimensions a or b (Fig. 1), in. (mm) Tolerances, in. (mm)

Up to 1⁄8 (3.18), incl 0.003 (0.076)
Over 1⁄8 to 5⁄8 (3.18 to 15.9), incl 0.004 (0.10)
Over 5⁄8 to 1 (15.9 to 25.4), incl 0.005 (0.13)
Over 1 to 2 (25.4 to 50.8), incl 0.006 (0.15)
Over 2 to 3 (50.8 to 76.2), incl 0.007 (0.18)
Over 3 to 4 (76.2 to 102), incl 0.008 (0.20)
Over 4 to 5 (102 to 127), incl 0.009 (0.23)
Over 5 to 6 (127 to 152), incl 0.010 (0.25)
Over 6 to 8 (152 to 203), incl 0.011 (0.28)
Over 8 to 10 (203 to 254), incl 0.012 (0.30)

Nominal dimension a determines tolerance applicable to both a and c.
Nominal dimension b determines tolerance applicable to both b and d.

FIG. 1 Tolerances on Distance Between Parallel Surfaces for
Copper Rectangular and Square Tube (Table 7)
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18. Specimen Preparation

18.1 Chemical Analysis:
18.1.1 Preparation of the analytical specimens shall be the

responsibility of the reporting laboratory.
18.2 Tension Test Specimens:
18.2.1 The test specimens shall be of the full section of the

tube and shall conform to the requirements of the “Test
Specimen” section of Test Methods E 8, unless the limitation
of the testing machine precludes the use of such a specimen. In
this case, the test specimen conforming to Type No. 1 of Fig.
13 in Test Methods E 8 shall be used.

18.3 Rockwell Hardness Test Specimens:
18.3.1 The test specimen shall be of a size and shape to

permit testing by the available equipment.
18.3.2 The surface of the test specimen shall be sufficiently

flat and smooth so as to permit the accurate determination of
hardness.

18.3.3 The test specimen shall be free from scale and
foreign matter and care shall be taken to avoid any change in
condition, that is, heating or cold work.

18.4 Electrical Resistivity:

18.4.1 Test specimen preparation shall be in accordance
with the “Test Specimen” section of Test Method B 193.

18.4.2 When the test specimen is taken from material in
bulk, care shall be taken that the properties are not appreciably
altered in the preparation.

18.5 Bend Test Specimens:

18.5.1 The bend test specimens shall be of a full diameter of
tube, unless limitation of the testing machine precludes the use
of such a specimen, in which case the specimen shall be
machined to an acceptable size.

18.5.1.1 If a bend test specimen is machined, at least one of
its original surfaces shall be retained. This surface shall
constitute the outer periphery of the bend.

18.6 Specimen for Microscopical Examination:

18.6.1 The test specimen shall be prepared in accordance
with Procedure A of Test Method B 577 and the specimen
surface shall approximate a radial longitudinal section of round
tube or a longitudinal section of rectangular or square tube
perpendicular to, and bisecting, the major dimensional surface.

18.7 Hydrogen Embrittlement Test Specimen:

18.7.1 The test specimen shall conform to the appropriate
requirements of Procedure B or C as required, of Test Method
B 577.

TABLE 8 Length Tolerances for Tube

NOTE 1—Tolerances are all plus; if all minus tolerances are desired, use the same values; if tolerances plus and minus are desired, halve the values
given.

Length

Tolerances, in. (mm) Applicable Only to Full Length Pieces

For Major Outside
Dimensions up to 1
in. (25.4 mm), incl

For Major Outside Dimensions
over 1 in. (25.4 mm) to 4 in.

(102 mm) incl

For Major Outside
Dimensions over
4 in. (102 mm)

Specific lengths:
Up to 6 in. (152 mm), incl 1⁄32 (0.79) 1⁄16 (1.6)
Over 6 in. (152 mm) to 2 ft (610 mm), incl 1⁄16 (1.6) 3⁄32 (2.4) 1⁄8 (3.2)
Over 2 ft (610 mm) to 6 ft (1.83 m), incl 3⁄32 (2.4) 1⁄8 (3.2) 1⁄4 (6.4)
Over 6 ft (1.83 m) to 14 ft (4.27 m), incl 1⁄4 (6.4) 1⁄4 (6.4) 1⁄4 (6.4)
Over 14 ft (4.27 m) 1⁄2 (13) 1⁄2 (13) 1⁄2 (13)

Specific lengths with ends 1 (25) 1 (25) 1 (25)
Stock lengths with or without ends 1A (25) 1A (25) 1A (25)

A As stock lengths are cut and placed in stock in advance of orders, departure from this tolerance is not practicable.

TABLE 9 Schedule of Tube Lengths (Specific and Stock) with Ends

Major Outside Dimensions, in. (mm) Specific Length, ft (m)
Shortest Permissible

Length,A % of
Specific Length

Maximum Permissible
Weight of Ends, %

of Lot Weight

Up to 1 (25.4), incl 6 (1.83) to 20 (6.10), incl 70 20
Over 1 (25.4) to 2 (50.8), incl 6 (1.83) to 20 (6.10), incl 60 25
Over 2 (50.8) to 3 (76.2), incl 6 (1.83) to 20 (6.10), incl 55 30
Over 3 (76.2) to 4 (102), incl 6 (1.83) to 20 (6.10), incl 50 40

A Expressed to the nearest 1⁄2 ft (150 mm).

TABLE 10 Length Tolerances for Pipe Furnished in Straight
Lengths A

Length
Tolerances, in. (mm)
Applicable Only to
Full-Length Pieces

Specific Lengths:
Up to 6 in. (152 mm), incl 1⁄16(1.6)

Over 6 in. to 2 ft (152 to 610 mm), incl 3⁄32(2.4)
Over 2 to 6 ft (610 mm to 1.83 m), incl 1⁄3(3.2)
Over 6 ft to 14 ft (1.83 m to 4.27 m), incl 1⁄4(6.4)
Over 14 ft (4.27 m) 1⁄2(13)

Specific lengths with ends 1 (25)
Stock lengths with or without ends 1 (25)

A As stock lengths are cut and placed in stock in advance of orders, departure
from this tolerance is not practicable.
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19. Test Methods

19.1 The properties enumerated in this specification shall, in
cases of dispute, be determined in accordance with the follow-
ing applicable test methods:

Test ASTM Designation

Chemical Analysis of Copper E 53
Chemical Analysis of Phosphorus E 62
Electrical Resistivity B 193
Microscopical Examination B 577
Rockwell Hardness E 18
Tension E 8

19.2 When bend tests are made, the bend test specimen shall
stand being bent cold through the angle prescribed in Table 1
without fracture on the outside of the bent portion. For nominal
or standard pipe-size tubular sections, the bend shall be made
on a radius in accordance with the following schedule:

Nominal or Standard Pipe
Size, in.

Mandrel Radius,
in. (mm)

1⁄2 4.50 (114)
3⁄4 5.00 (127)
1 6.50 (165)
11⁄4 8.00 (203)
11⁄2 9.25 (235)
2 10.75 (273)
21⁄2 12.00 (305)
3 14.75 (375)
31⁄2 17.00 (432)
4 18.25 (464)

Other tubular sections shall be bent around a mandrel having
a radius equal to six times the section dimension radial to the

bend. Pipe and tube, before bending, may be filled with sand,
rosin, or other suitable material.

19.3 When a bend test specimen is machined at least one of
its original surfaces shall be retained. This surface shall
constitute the outer periphery of the bend, which shall be made
on a radius equal to that dimension of the machined specimen
radial to the bend.

20. Significance of Numerical Limits

20.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property
Rounded Unit for Calculated

or Observed Value

Chemical composition nearest unit in the last right-hand place of figures
of the specified limit

Hardness
Electrical resistivity nearest unit in the last right-hand place of figures
Electrical conductivity
Tensile strength nearest ksi (5 MPa)
Elongation: below 5 % nearest multiple of 0.5 %
5 % and over nearest 1 %

21. Inspection

21.1 The manufacturer shall inspect and make necessary
tests to verify that the material furnished conforms to the
requirements of this specification.

21.2 The manufacturer shall afford the inspector represent-
ing the purchaser, all reasonable facilities, without charge, to
demonstrate satisfactorily that the material is being furnished
in accordance with the specified requirements.

22. Rejection and Rehearing

22.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the manufacturer or the supplier promptly and in writing. In
case of dissatisfaction with the results of the test, the manu-
facturer or the supplier may make claim for a rehearing.

23. Certification

23.1 When specified in the purchase order or contract, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met.

24. Mill Test Report

24.1 When specified in the purchase order or contract, a
report of the test results shall be furnished.

25. Packing and Package Marking Requirements

25.1 The material shall be separated by size, composition,
and temper and prepared for shipment in such a manner as to

TABLE 11 Schedule of Pipe Lengths Specific and Stock with Ends Included

Major Outside Dimensions, in. (mm) Nominal Length, ft (m)
Shortest Permissible Length,A

percent of Nominal Length
Maximum Permissible Weight
of Ends, percent of Lot Weight

Up to 3 (76.2), incl 6 to 20 (1.85 to 6.10), incl 55 30
Over 3 to 31⁄2 (76.2 to 88.9), incl 6 to 20 (1.85 to 6.10), incl 50 40

A Expressed to the nearest 1⁄2 ft (150 mm).

TABLE 12 Straightness Tolerances for Tube A in Any Drawn
Temper

NOTE 1—Applies to round tube in any drawn temper from1⁄4 (6.35) to
31⁄2in. (88.9 mm), incl, in outside diameter.

Length, ftB (m)
Maximum Curvature (Depth of Arc),

in. (mm)

Over 3 (0.914) to 6 (1.83), incl 3⁄16 (4.8)
Over 6 (1.83) to 8 (2.44), incl 5⁄16 (7.9)
Over 8 (2.44) to 10 (3.05), incl 1⁄2(13)

A Not applicable to pipe, redraw tube, and extruded tube or any annealed tube.
B For lengths greater than 10 ft (3.05 m), the maximum curvature shall not

exceed 1⁄2 in. (13 mm) in any 10-ft (3.05-m) portion of the total length.

TABLE 13 Permissible Radii for Commercially Square Corners
for Rectangular and Square Tube

Wall Thickness, in. (mm)
Maximum Radii, in. (mm)

Outside Corners Inside Corners

Up to 0.058 (1.47), incl 3⁄64(1.2) 1⁄32(0.79)
Over 0.058 to 0.120 (1.47 1⁄16(1.6) 1⁄32(0.79)

to 3.03), incl
Over 0.120 to 0.250 (3.03 3⁄32(2.4) 1⁄32(0.79)

to 6.35), incl
Over 0.250 (6.35) none established none established
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ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

25.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper size,
shape, and total length or piece count (for material furnished on
a length basis) or both, or gross and net weights (for material
furnished on a weight basis), and name of supplier. The
specification number shall be shown when specified.

26. Keywords

26.1 copper bus pipe; copper bus tube; electrical conduc-
tors; extra strong; regular; standard sizes; Copper UNS Nos.
C10100; C10200; C10300; C10400; C10500; C10700;
C11000; C11300; C11400; C11600; C12000

APPENDIXES

(Nonmandatory Information)

X1. RESISTIVITY

X1.1 “Resistivity” is used in place of “Conductivity.” The
value of 0.153 28V·g/m2 at 20°C (68°F) is the international
standard for the resistivity of annealed copper equal to 100 %
conductivity. This term means that a wire 1 m in length and
weighing 1 g would have a resistance of 0.153 28V. This is
equivalent to a resistivity value of 875.20V·lb/mile2, which
signifies the resistance of a wire 1 mile in length weighing 1 lb.
It is also equivalent, for example, to 1.7241 µV·cm of length of
a bar 1 cm2 in cross section. A complete discussion of this

subject is contained inNBS Handbook 100of the National
Bureau of Standards.10 Relationships which may be useful in
connection with the values of resistivity prescribed in this
specification are as shown in Table X1.1, each column con-
taining equivalent expressions, at 20°C (68°F).

10 NBS Handbook 100, NIST is sold by the National Technical Information
Service, 5285 Port Royal Rd., Springfield, VA 22161.

TABLE X1.1 Resistivity Relationships

Conductivity at 20°C
(68°F), %

101.0 100.0 98.40 98.16 97.80 97.40 96.60 96.16 90.0 88.0

V·g/m2 0.151 76 0.153 28 0.155 77 0.156 14 0.156 73 0.157 37 0.158 65 0.159 40 0.170 31 0.174 18
V·lb/mile2 886.53 875.20 889.42 891.60 894.90 898.55 905.86 910.15 972.44 994.55
V·cmil/ft 10.268 10.371 10.539 10.565 10.604 10.648 10.734 10.785 11.523 11.785
V·mm2/m 0.017 070 0.017 241 0.017 521 0.017 564 0.017 629 0.017 701 0.017 845 0.017 930 0.019 156 0.019 592
µV·in. 0.672 07 0.678 79 0.689 81 0.691 51 0.694 06 0.696 90 0.702 57 0.705 90 0.754 21 0.771 35
µV·cm 1.7070 1.7241 1.7521 1.7564 1.7629 1.7701 1.7845 1.7930 1.9157 1.9592
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X2. METRIC EQUIVALENTS

X2.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference of Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 188 – 00)
that may impact the use of this standard.

(1) A comprehensive five-year review was conducted. Several
sections were modified to reflect current society and committee
practices of form and style.

(2) The Sampling section was updated with current industry
practices with regard to inspection lot size.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 194 – 01 e1

Standard Specification for
Copper-Beryllium Alloy Plate, Sheet, Strip, and Rolled Bar 1

This standard is issued under the fixed designation B 194; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

e1 NOTE—Referenced Documents were editorially corrected in November 2003.

1. Scope*

1.1 This specification establishes the requirements for copper-beryllium alloy plate, sheet, strip, and rolled bar. The following
alloys are specified:2

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper and Copper Alloys and is the direct responsibility of Subcommittee B05.01on Plate,
Sheet, and Strip.

Current edition approved Oct. 10, 2001. Published December 2001. Originally published as B 194 – 45 T. Last previous edition B 194 – 96.

1

This document is not an ASTM standard and is intended only to provide the user of an ASTM standard an indication of what changes have been made to the previous version. Because
it may not be technically possible to adequately depict all changes accurately, ASTM recommends that users consult prior editions as appropriate. Inall cases only the current version
of the standard as published by ASTM is to be considered the official document.

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



Copper Alloy Previously Used Commercial Nominal Beryllium
UNS No.2 Designations Content, %
C17000 Alloy 165 1.7
C17200 Alloy 25 1.9

1.2 Unless otherwise required, Copper Alloy UNS No. C17200 shall be the alloy furnished whenever Specification B 194 is
specified without any alloy designation.

1.3 Units—With the exception of Grain Size values, the values stated in inch-pound units are to be regarded as standard. The
values given in parentheses are mathematical conversions to SI units, which are provided for information only and not considered
standard.

1.4 The following hazard statement pertains only to the test method portions in the annex of this specification:
1.5 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility

of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date of material purchase form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:
B 248 Specification for General Requirements for Wrought Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled Bar3

B 601 Classification for Temper Designations for Copper and Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials4

E 112 Test Methods for Determining Average Grain Size4

E 527 Practice for Numbering Metals and Alloys (UNS)5

3. General Requirements

3.1 The following sections of Specification B 248 constitute a part of this specification:
3.1.1 Terminology
3.1.2 Materials and Manufacture
3.1.3 Dimensions, Weights, and Permissible Variations
3.1.4 Workmanship, Finish, and Appearance
3.1.5 Sampling
3.1.6 Number of Tests and Retests
3.1.7 Specimen Preparation
3.1.8 Test Methods
3.1.9 Significance of Numerical Limits
3.1.10 Inspection
3.1.11 Rejection and Rehearing
3.1.12 Certification
3.1.13 Mill Test Report
3.1.14 Packaging and Package Marking
3.2 In addition, when a section with a title identical to that referenced in 3.1 above appears in this specification, it contains

additional requirements that supplement those appearing in Specification B 248.

4. Terminology

4.1 For terms relating to copper and copper alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Include the following information in orders for products:
5.1.1 Quantity,
5.1.2 Copper Alloy UNS number (1.1),
5.1.3 Form of material: plate, sheet, strip, or rolled bar,

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple expansion of the former standard designation system accomplished by the addition of
a prefix “C” and a suffix “00.” The suffix can be used to accommodate composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 01.01.
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5.1.4 Temper (7.1),
5.1.5 Dimensions: thickness and width, and length if applicable.
5.1.6 How furnished: rolls, stock lengths with or without ends, specific lengths with or without ends,
5.1.7 Type of edge, if required: slit, sheared, sawed, square corners, rounded corners, rounded edges, or full-rounded edges

(Specification B 248, Section 5.6),
5.1.8 Type of width and straightness tolerances, if required: slit-metal tolerances, square-sheared-metal tolerances, sawed-metal

tolerances, straightened or edge-rolled-metal tolerances (Specification B 248, Section 5.3),
5.1.9 Special thickness tolerances, if required (Specification B 248, Table 3),
5.1.10 Tension test or hardness as applicable (Section 8),
5.1.11 Bend test, if required (Section 11),
5.1.12 Grain size or grain count if required (Section 9 or 10),
5.1.13 Certification if required (see Specification B 248, Section 14),
5.1.14 Mill Test Report, if required (see Specification B 248, Section 15),
5.1.15 Specification number and year of issue, and
5.1.16 Special tests or exceptions, if any.
5.2 When material is purchased for agencies of the U.S. government, this shall be specified in the contract or purchase order,

and the material shall conform to the Supplementary requirements as defined in the current issue of Specification B 248.

6. Chemical Composition

6.1 The material shall conform to the chemical requirements specified in Table 1.
6.2 These specification limits do not preclude the presence of other elements. Limits for unnamed elements may be established,

by agreement between manufacturer or supplier and purchaser. Copper may be given as remainder, and may be taken as the
difference between the sum of all elements analyzed and 100 %. When all elements in Table 1 are analyzed, their sum shall be
99.5 % minimum.

7. Temper

7.1 Tempers available under this specification are defined in Practice B 601. The standard tempers of product are as designated
in Table 2, Table 3, and Table 4. Plate is generally available in the TB00 (A), TD04 (H), TF00 (AT), and TH04 (HT) tempers.

8. Mechanical Property Requirements

8.1 For product less than 0.050 in. (0.127 mm) in thickness:
8.1.1 Tensile test results shall be the product acceptance criteria, when tested in accordance with Test Method E 8.
8.1.2 The tensile strength requirements are given in Table 2, Table 3, and Table 4.
8.2 For product 0.050 in. (1.270 mm) and greater in thickness.
8.2.1 Rockwell hardness is the product acceptance criteria, when tested in accordance with Test Method E 18.
8.2.2 The referee product rejection criteria shall be tensile test results, when tested in accordance with Test Method E 8.
8.2.3 Rockwell hardness and tensile strength requirements are given in Table 2, Table 3, and Table 4.
8.3 Product, as specified in 7.1, shall conform to the requirements specified in Table 2, in the solution heat-treated, or solution

heat-treated and cold-worked conditions, and in Table 3, after precipitation heat-treatment or Table 4 in the mill-hardened
condition. Precipitation heat-treatment parameters for Table 2 and Table 3 are shown in Section 12.

9. Grain Size

9.1 Material over 0.010 in. (0.254 mm) in thickness shall have an average grain size in accordance with Test Method E 112,
not exceeding the limits specified in Table 5. The determinations are made on the separate samples and in a plane perpendicular
to the surface and perpendicular to the direction of rolling.

10. Grain Count

10.1 The grain count of a sample of material, in any temper, over 0.004 to 0.010 in. (0.102 to 0.254 mm), inclusive, in thickness

TABLE 1 Chemical Requirements

Element

Composition, %

Copper Alloy UNS
No. C17000

Copper Alloy UNS
No. C17200

Beryllium 1.60–1.79 1.80–2.00
Additive elements:

Nickel + cobalt, min 0.20 0.20
Nickel + cobalt + iron, max 0.6 0.6

Aluminum, max 0.20 0.20
Silicon, max 0.20 0.20
Copper remainder remainder
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shall not be less than the limits specified in Table 6.
10.2 Grain count is the number of grains per stock thickness, averaged for five locations one stock thickness apart. Grain count

shall be determined in a plane perpendicular to the surface and perpendicular to the direction of rolling.

11. Bend-Test Requirements

11.1 The optional bend test is a method for evaluating the ductility of precipitation heat-treated copper-beryllium strip in thin
gages.

11.2 When specified in the order (see 5.1.6), material in any temper 0.004 to 0.020 in. (0.102 to 0.508 mm), inclusive, in
thickness shall conform to the requirements specified in Table 7, when tested in accordance with 14.2.

11.3 Five specimens,3⁄8 6 1⁄16 in. (9.526 1.59 mm) in width, of any convenient length, with the rolling direction parallel to
the3⁄8-in. dimension, shall be precipitation heat-treated in accordance with 12.2. To pass the bend test, at least four specimens out
of five, and at least 80 % of the total specimens tested from a lot shall withstand the 90° bend without visible crack or fracture,
when tested in accordance with 15.3.

12. Precipitation Heat-Treatment

12.1 Solution-heat-treated or solution-heat-treated and cold-worked material is normally precipitation hardened by the
purchaser after forming or machining. For the purpose of determining conformance to specified mechanical properties of Table 3,
a sample of the as-supplied material shall be heat treated as shown in Table 8. Other heat treating temperatures and times may be
preferred for end products of this material.

12.2 The solution-heat-treated and cold-worked test specimens shall be heat treated at a uniform temperature of 600 to 675°F
(316 to 357°C) for the time shown in Table 8.

12.3 Special combinations of properties such as increased ductility, electrical conductivity, dimensional accuracy, endurance
life, and resistance to elastic drift and hysteresis in springs may be obtained by special precipitation-hardening heat treatments. The
mechanical requirements of Table 3 do not apply to such special heat treatments.

12.4 Mill-hardened products have been precipitation heat-treated by the manufacturer. Further thermal treatment is not normally
required.

13. Sampling

13.1 Sampling shall be in accordance with Specification B 248, Section 7, except that the heat size is defined as 12 000 lbs (5455
kg) or fraction thereof.

14. Specimen Preparation

14.1 The tension specimen direction shall have the longitudinal test-axis parallel to the rolling direction, unless mutually agreed
upon between the supplier and purchaser at the time the order is placed.

14.2 When required, five bend-test specimens per test set shall be cut3⁄8 6 1⁄16 in. (9.52 6 1.59 mm) in width and any
convenient length. Specimens shall be precipitation heat-treated after cutting and prior to testing. Precipitation heat-treatment
parameters for these bend tests shall be in accordance with 12.2.

TABLE 2 Mechanical Property Requirements for Material in the Solution-Heat-Treated or Solution-Heat-Treated and Cold-Worked
Condition

Temper DesignationA Material Thickness, in. Tensile Strength,
ksiB (MPa)C

ElongationD in 2 in. or
50 mm, min,%

Rockwell HardnessE

Standard Former Over Incl B Scale 30T Scale 15T Scale

TB00 A ... ... 60–78
(410–540)

35 45–78 46–67 75–85

TD01 1⁄4 H ... 0.188 75–88
(520–610)

15 68–90 62–75 83–89

TD02 1⁄2 H ... 0.188 85–100
(590–690)

9 88–96 74–79 88–91

TD04 H ... 0.188 100–130
(690–900)

2 96–104 79–83 91–94

TD04 H 0.188 0.375 90–130
(660–900)

... 91–103 77 90

TD04 H 0.375 1.000 90–120
(620–830)

... 90–102 ... ...

TD04 H over 1.000 85–115
(590–800)

8 88–102 ... ...

A Standard designations defined in Practice B 601.
B ksi = 1000 psi.
C See Appendix X1.
D Elongation requirement applies to material 0.004 in. (0.102 mm) and thicker.
E The thickness of material that may be tested by use of the Rockwell hardness scales is as follows:

B Scale....................0.040 in. (1.016 mm) and over
30T Scale................0.020 to 0.040 in. (0.508 to 1.016 mm), excl.
15T Scale................0.015 to 0.020 in. (0.381 to 0.508 mm), excl.
Hardness values shown apply only to direct determinations, not converted values.
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15. Test Methods

15.1 The method for determining chemical analysis for compliance and preparation of certifications and test reports shall be at
the discretion of the reporting laboratory.

15.2 In case of dispute, the test methods found in Annex A1 shall be used for determining chemical requirements for the
elements and ranges shown in Table 1.

15.2.1 When analysis for unnamed or residual elements is required in the purchase order, the method of analysis shall be
mutually agreed upon between manufacturer or supplier and purchaser.

15.3 Bend-test specimens, shall be tested by clamping them firmly between a flat jaw and the test radius, as shown in Fig. 1.
The test specimen shall be bent approximately 90° around the test radius, using a tangential wiping motion with adequate radial
pressure to ensure continuous contact between the specimen and the test radius. Test specimens shall be bent to the full 90° bend
position. The test radius shall be within6 6 % of the nominal radius up to 0.010 in. (0.254 mm), exclusive, and within6 4 %
for radii 0.010 in. and over.

16. Keywords

16.1 C17000; C17200; copper-beryllium; flat products; copper plate; copper rolled bar; copper strip

TABLE 3 Mechanical Property Requirements After Precipitation Heat-Treatment A

Temper Designation Material Thickness, in.
Tensile Strength,

ksiB (MPa)C
Yield Strength, ksi

(MPa),
min, 0.2 % Offset

Elongation in
2 in.

(50 mm), min,
%D

Rockwell HardnessE, min

Standard Former Over Incl C Scale 30N Scale 15N Scale

Copper Alloy UNS No. C17000

TF00 AT ... 0.188 150–180F

(1030–1240)
130
(890)

3 33 53 76.5

TF00 AT 0.188 ... 165–195F (1140–1340) 130 3 36 56 78
TH01 1⁄4 HT ... ... 160–190F

(1100–1310)
135
(930)

2.5 35 55 77

TH02 1⁄2 HT ... ... 170–200F

(1170–1380)
145
(1000)

1 37 57 78.5

TH04 HT ... ... 180–210F

(1240–1450)
155
(1070)

1 38 58 79.5

Copper Alloy UNS No. C17200

TF00 AT ... ... 165–195F

(1140–1340)
140
(960)

3 36 56 78

TH01 1⁄4 HT ... 0.188 175–205F

(1210–1410)
150
(1030)

2.5 36 56 79

TH02 1⁄2 HT ... 0.188 185–215F

(1280–1480)
160
(1100)

1 38 58 79.5

TH04 HT ... 0.188 190–220F

(1310–1520)
165
(1140)

1 38 58 80

TH04 HT 0.188 0.375 180–215F

(1240–1480)
160
(1100)

1 38 58 80

TH04 HT 0.375 1.000 180–210F

(1240–1450)
155
(1070)

1 38 ... ...

TH04 HT 1.000 2.000 175–205F

(1210–1410)
150
(1030)

2 37 ... ...

TH04 HT over 2.000 165–200F

(1140–1380)
130
(890)

2 36 ... ...

A These values apply to mill products (Section 14). See 12.3 for exceptions in end products.
B ksi = 1000 psi.
C See Appendix X1.
D Elongation requirement applies to material 0.004 in. (0.102 mm) and thicker.
E The thickness of material that may be tested by use of the Rockwell Hardness scales is as follows:

C Scale....................0.040 in. (1.016 mm) and over
30N Scale...............0.020 to 0.040 in. (0.508 to 1.016 mm), excl.
15N Scale...............0.015 to 0.02 in. (0.381 to 0.508 mm), excl.
Hardness values shown apply only to direct determinations, not converted values.

F The upper limits in the tensile strength column are for design guidance only.
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TABLE 4 Strip Mechanical Property Requirements—Mill-Hardened Condition A

Temper Designation Tensile Strength,
ksiB (MPa)C

Yield Strength,
ksi (MPa),
0.2 % Offset

Elongation in 2
in. (50 mm),

min, %D

Rockwell HardnessE, min

Standard FormerB C Scale 30N Scale 15N Scale

Copper Alloy UNS No. C17000

TM00 AM 100–110F 70–95 18 18 37 67.5
(690–760) (480–660)

TM01 1⁄4 HM 110–120F 80–110 15 20 42 70
(760–830) (550–760)

TM02 1⁄2 HM 120–135F 95–125 12 24 45 72
(830–930) (660–860)

TM04 HM 135–150F 110–135 9 28 48 75
(930–1040) (760–930)

TM05 SHM 150–160F 125–140 9 31 52 75.5
(1030–1100) (860–970)

TM06 XHM 155–175F 135–165 3 32 52 76
(1070– 1210) (930–1140)

Copper Alloy UNS No. C17200

TM00 AM 100–110F 70–95 16 RB95 37 67.5
(690–760) (480–660)

TM01 1⁄4 HM 110–120F 80–110 15 20 42 70
(760–830) (550–760)

TM02 1⁄2 HM 120–135F 95–125 12 23 44 72
(830–930) (660–860)

TM04 HM 135–150F 110–135 9 28 48 75
(930–1030) (760–930)

TM05 SHM 150–160F 125–140 9 31 52 75.5
(1030–1100) (860–970)

TM06 XHM 155–175F 135–170 4 32 52 76
(1070–1210) (930–1170)

TM08 XHMS 175–190F 150–180 3 33 53 76.5
(1210–1310) (1030–1240)

A These values apply to mill products (Section 14). See 12.3 for exceptions in end products.
B ksi = 1000 psi.
C See Appendix X1.
D Elongation requirement applies to material 0.004 in. (0.102 mm) and thicker.
E The thickness of material that may be tested by use of the Rockwell Hardness scales is as follows:

C Scale....................0.040 in. (1.016 mm) and over
30N Scale................0.020 to 0.040 in. (0.508 to 1.016 mm), excl.
15N Scale................0.015 to 0.020 in. (0.381 to 0.508 mm), excl.
Hardness values shown apply only to direct determinations, not converted values.

F The upper limits in the tensile strength column are for design guidance only.

TABLE 5 Grain-Size Requirements for TB00 (Solution-Heat-
Treated) Material

Thickness, in. (mm)
Grain Size
Specified

Maximum
Average Grain

Size, mm

Over 0.010 to 0.030 (0.254 to 0.762), incl OS035 0.035
Over 0.030 to 0.090 (0.762 to 2.24), incl OS045 0.045
Over 0.090 to 0.188 (2.24 to 4.78), incl OS060 0.060

TABLE 6 Grain-Count Requirements

Thickness, in. (mm) Minimum Number of Grains

Over 0.004 to 0.006 (0.102 to 0.152), incl 6
Over 0.006 to 0.008 (0.152 to 0.203), incl 7
Over 0.008 to 0.010 (0.203 to 0.254), incl 8
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ANNEX

(Mandatory Information)

A1. TEST METHODS FOR DETERMINATION OF COMPLIANCE WITH COPPER-BERYLLIUM ALLOYS—CHEMICAL
COMPOSITION REQUIREMENTS

A1.1 Scope

A1.1.1 These test methods establish the procedure(s) for the determination of chemical composition of copper-beryllium alloys.
A1.1.2 The analytical procedures appear in the following order:

Procedure Sections
Test Method A—Copper by the Electrolytic Method A1.8 to A1.15
Test Method B—Aluminum, Beryllium, Cobalt, Iron, and Nickel
by the Flame Atomic Absorption Spectrophoto-
metric Method

A1.16 to A1.24

Test Method C—Silicon by the Ammonium Molybdate Spec-
trophotometric Method

A1.28.2 to A1.35

A1.2 Referenced Documents

A1.2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to Determine Conformance with Specifications6

E 50 Practices for Apparatus, Reagents, and Safety Considerations for Chemical Analysis of Metals, Ores, and Related
Materials7

E 55 Practice for Sampling Wrought Nonferrous Metals and Alloys for Determination of Color Composition7

E 60 Practice 60 Practice for Analysis of Metals, Ores, and Related Materials by Molecular Absorption Spectometry7

E 255 Practice for Sampling Copper and Copper Alloys for the Determination of Chemical Composition7

6 Annual Book of ASTM Standards, Vol 14.02.
7 Annual Book of ASTM Standards, Vol 03.05.

TABLE 7 Bend-Test Requirements After Precipitation Heat
Treatment

Temper Designation Test RadiusA

Standard Former

TF00 AT 5t
TH01 1⁄4 AT 6t
TH02 1⁄2 HT 9t
TH04 HT 15t

A The t refers to the measured average stock thickness to be tested.

TABLE 8 Precipitation-Heat-Treatment Time for Acceptance Tests

Temper Designation (Before Precipitation Heat
Treatment) Time at 600 to 675°F

(316 to 357°C), h
Standard Former

TB00 A 3
TD01 1⁄4 H 2
TD02 1⁄2 H 2
TD04 H 2

FIG. 1 Methods for Clamping Specimen to Radius for Bend Test
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E 663 Practice for Flame Atomic Absorption Analysis8

E 1024 Guide for Chemical Analysis of Metals and Metal Bearing Ores by Flame Atomic Absorption Spectrophotometry8

A1.3 Significance and Use

A1.3.1 These test methods are primarily intended to test for compliance with composition specifications. It is assumed that all
who use these test methods will be trained analysts capable of performing common laboratory procedures skillfully and safely. It
is expected that work will be performed in a properly equipped laboratory.

A1.4 Apparatus, Reagents, and Photometric Practice

A1.4.1 Apparatus and reagents required for each determination are listed in separate sections preceding the procedure. The
apparatus, standard solutions, and certain other reagents are referred to by number and shall conform to the requirements prescribed
in Practice E 50.

A1.4.2 Flame atomic-absorption spectrophotometric practice prescribed in these test methods shall conform to the requirements
prescribed in Practice E 663 and Guide E 1024.

A1.4.3 Spectrophotometric practice prescribed in these test methods shall conform to requirements prescribed in Practice E 60.

A1.5 Hazards

A1.5.1 For precautions to be observed in these test methods, refer to Practice E 50.
A1.5.2 Both beryllium metal and its compounds may be toxic. Exercise care to prevent contact of beryllium-containing

solutions with the skin. Especially avoid the inhalation of any beryllium-containing substance, either as a volatile compound or
as a finely divided powder. The proper precautions are to be observed in the disposition of beryllium-containing residues, especially
ignited oxide.

A1.6 Sampling

A1.6.1 Sampling shall conform to the requirements of Practice E 255.

A1.7 Rounding Off Calculated Values

A1.7.1 Calculated values shall be rounded off to the proper number of places in accordance with the method given in 3.4 and
3.5 of Practice E 29.

TEST METHOD A—COPPER BY ELECTROLYTIC DEPOSITION AND ATOMIC-ABSORPTION
SPECTROPHOTOMETRY

A1.8 Scope

A1.8.1 This test method establishes a procedure for the determination of copper in copper-beryllium alloys with silver reported
as copper.

A1.9 Summary of Test Methods

A1.9.1 The sample is dissolved in an acid mixture. A small amount of fluorohydric acid (HF) is added to minimize possible
interferences. Copper is electrolytically deposited on a tared platinum cathode. Copper remaining in the electrolyte is determined
by atomic absorption spectrophotometry.

A1.10 Interferences

A1.10.1 Elements normally present do not interfere.

A1.11 Apparatus

A1.11.1 Electrodes for Electrolysis—Apparatus No. 9, in Practice E 50.
A1.11.2 Atomic Absorption Spectrophotometer—Determine the instrument to be suitable for use as directed in Guide E 1024.

Instrument response must permit estimation of copper concentration to within 1 mg/
A1.11.3 Operating Parameters—Wavelength, fuel/oxidant, and flame conditions are as follows:

Wavelength, nm Fuel/Oxidant Flame Condition
Copper 327.5 Acetylene/air Oxidizing

A1.12 Reagents

A1.12.1 Sulfuric-Nitric Acid Mixture—While stirring, slowly add 500 mL of sulfuric acid (H2SO4) to 1 L of water. Cool and
transfer to a 2-L volumetric flask. Add 300 mL of nitric acid (HNO3). Cool, dilute to volume, and mix.

8 Annual Book of ASTM Standards, Vol 03.06.
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A1.12.2 Copper Standard Solution(1 mL = 1.0 mg Cu)— Transfer 1.000 g of copper metal (purity, 99.9 % min) into a 250-mL
beaker. Add 20 mL of the acid mixture. Cover the beaker and allow to stand until dissolution is nearly complete. Heat at 80 to 90°C
until dissolution is complete and brown fumes have been expelled. Cool, transfer into a 1-L volumetric flask, dilute to volume, and
mix.

A1.12.3 Calibration Solutions—Pipet 5, 10, 15, 20, and 25-mL portions of the copper standard solution into individual 1-L
volumetric flasks. Add 50 mL of the acid mixture to each flask, dilute to volume, and mix. These solutions are equivalent to 0.005,
0.010, 0.015, 0.020, and 0.025 g of copper respectively.

A1.12.4 Zero-Calibration Solution—Transfer 50 mL of the acid mixture into a 1-L volumetric flask, dilute to volume, and mix.

A1.13 Procedure

A1.13.1 Transfer a 2.500-g portion into each of two electrolysis beakers, normally 300-mL. Add 50 mL of the mixed acid, cover
the beaker, and allow to stand until the reaction subsides. Heat at 80 to 90°C until dissolution is complete and brown fumes have
been expelled. Cool and wash down cover glass and inside of beaker. Add 1.0 mL of HF (1 + 9) from a plastic pipet and dilute
to about half volume.

A1.13.2 Insert the electrodes and dilute to submerge the cathode. Cover the beaker with a pair of split cover glasses and
electrolyze at a current density of about 0.6 A/dm2 for about 16 h.

A1.13.3 Wash the cover glasses, the electrode stems, and inside the beaker with water, then continue the electrolysis for a
minimum of 15 min. Should copper plate-out on the newly exposed cathode surface, dilute a second time and continue electrolysis
for an additional 15 min. Copper deposition shall be considered completed, when no copper is deposited on a newly exposed
surface.

A1.13.4 Quickly withdraw the cathode from the electrolyte while maintaining current flow (should the electrolysis system
permit), and direct a gentle stream of water from a wash bottle over its surface. Rinse the cathode in a water bath and then dip
in two successive baths of ethanol or acetone. Dry at 110°C for 3 to 5 min, cool at balance room temperature, and weigh.

A1.13.5 Transfer the spent electrolyte into individual 1-L volumetric flask, dilute to volume, and mix.
A1.13.6 Set the atomic-absorption instrument parameters according to Practice E 663 and the manufacturer’s recommendations.

Ignite the burner and aspirate water until the instrument reaches thermal equilibrium.
A1.13.7 Adjust the wavelength, lamp position, fuel, oxidizer, burner, and nebulizer to obtain maximum absorbance, while

aspirating the highest calibration solution.
A1.13.8 Aspirate water until a steady signal is obtained and adjust the instrument read-out system to obtain zero absorbance.
A1.13.9 Aspirate the calibration solutions in order of increasing absorbance, starting with the zero calibration solution. When

a stable response is obtained, record the readings. Aspirate the test solutions and record their absorbance. Aspirate water between
samples to flush the nebulizer and burner systems. Repeat all measurements a minimum of two times.

A1.14 Calculation

A1.14.1 When necessary, convert the average readings for each solution to absorbance. Obtain the net absorbance for each
calibration solution by subtracting the average absorbance for the zero-calibration solution from the average absorbance of each
of the other calibration solutions.

A1.14.2 Obtain the net absorbance of the zero-calibration solution from the average absorbance of the test solution.
A1.14.3 Prepare a calibration curve by plotting net absorbance for the calibration solutions versus grams of copper.
A1.14.4 Convert the net absorbance of the test solution to grams of copper by means of the calibration curve.
A1.14.4.1 Most atomic-absorption spectrophotometers can be calibrated to yield direct concentration readings. This method

may be used, provided additional calibration solutions are analyzed as samples to test for precision and linearity. Should the
instrument be equipped for multi-point calibration, make sure that several additional solutions still are analyzed to ensure that error
has not been introduced by the curve-fitting routine.

A1.14.5 Calculate the concentration percent copper as follows:

Copper, %5 ~A 2 B 1 C! 3 100/D (A1.1)

where:
A = weight of cathode plus deposited copper, g,
B = weight of cathode, g,
C = weight of copper in spent electrolyte, g, and
D = sample used, g.

A1.15 Precision and Bias

A1.15.1 Precision—The precision of this test method is dependent upon the care and precision exercised during instrument
calibration and sample preparation, as well as, the purity of the reagents.

A1.15.2 Bias —The accuracy of this test method can be judged by analyzing material of known composition.
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TEST METHOD B—ALUMINUM, BERYLLIUM, COBALT, IRON, LEAD, AND NICKEL BY THE FLAME
ATOMIC-ABSORPTION SPECTROPHOTOMETRIC METHOD

A1.16 Scope

A1.16.1 This test method establishes a flame atomic-absorption spectrophotometric procedure for the determination of
aluminum, beryllium, cobalt, iron, lead, and nickel in copper-beryllium alloys.

A1.17 Summary of Test Methods

A1.17.1 The sample is dissolved in dilute nitric acid and aspirated into the flame of an atomic absorption spectrophotometer.
The absorption of the resonance line energy specific to each element is measured and compared with the absorption measured for
calibration solutions prepared in the same matrix.

A1.18 Interferences

A1.18.1 Elements normally present in copper-beryllium alloys do not interfere.

A1.19 Apparatus

A1.19.1 Atomic-Absorption Spectrophotometer—Determine the instrument to be suitable for use as directed in Guide E 1024.
Instrument response for each analyte element must be adequate to permit an estimation of analyte concentration to within 0.01 %
for aluminum, iron, and lead and 0.02 % for beryllium, cobalt, and nickel on a sample basis.

A1.19.2 Operating Parameters—The flame conditions and wavelengths for the analyte elements are as follows:
Element Wavelength, nm Fuel/Oxidant and Flame Condition

Aluminum 309.3 Acetylene/nitrous oxide and reducing
Beryllium 234.9 Acetylene/nitrous oxide and reducing
Cobalt 240.7 Acetylene/air and oxidizing
Iron 248.3 Acetylene/air and oxidizing
Lead 283.3 Acetylene/air and oxidizing
Nickel 341.5 Acetylene/air and oxidizing

A1.20 Reagents

A1.20.1 Copper Stock Solution—Transfer 50.0 g of copper (purity, 99.99 % min) into a 2-L beaker. Cover with 200 mL of
water. Cover the beaker and cautiously add 200 mL of nitric acid (HNO3) in small increments. Allow to stand until dissolution
is nearly complete. Boil to complete dissolution and expel brown fumes. Cool, transfer the solution into a 1-L volumetric flask,
dilute to volume, and mix.

A1.20.2 Aluminum Standard Solution(1 mL = 0.15 mg Al)—Weigh 0.1500 g of aluminum wire (purity, 99.9 % min) into a
400-mL beaker. Add 20 mL of water and cover with a watch glass. Cautiously add 40 mL of HNO3 (1 + 1) in small increments.
Add a small crystal of mercurous nitrate (HgNO3) and two drops of hydrochloric acid (HCl) after the first increment to catalyze
the reaction. Boil to expel the brown fumes. Rinse the watch glass and inside of the beaker with water. Transfer the solution into
a 1-L volumetric flask.

A1.20.3 Beryllium Standard Solution(1 mL = 1.25 mg Be):
A1.20.3.1 Transfer 1.250-g equivalent of beryllium,9 containing less than 1000 ppm each of cobalt, iron, lead, and nickel, into

a 600-mL beaker, add 20 mL of water and cover with a watch glass. Cautiously add 35 mL of HNO3 in small increments. Add
two drops of HCl after the first increment to catalyze the reaction. After the reaction subsides, rinse the watch glass and inside of
the beaker with water and dilute to approximately 200 mL. Boil to expel the brown fumes. Filter hot water through a fine porosity
ashless paper into a 1-L plastic volumetric flask. Rinse the beaker several times with water and filter, collecting the rinse solutions
into the volumetric flask. Rinse the filter paper ten times with small portions of hot water, collecting the rinse solutions in the
volumetric flask.

A1.20.3.2 Transfer the filter paper into a platinum crucible and reduce to a white ash over a Meker type burner, heating gently
initially to avoid losses. Allow the crucible to cool and add 5 drops of HF and 10 drops of sulfuric acid (H2SO4). Place the crucible
on a hot plate and slowly evaporate just to dryness.Do not bake.Allow the crucible to cool. Add 5 mL of HNO3, 1 drop of
fluorohydric (HF), and heat to boiling. Allow the crucible to cool, add 10 mL of water, and filter the solution through a medium
porosity filter paper collecting the solution into the original 1-L volumetric flask. Rinse the filter paper a minimum of four times,
collecting the rinse solutions into the same 1-L volumetric flask.

A1.20.3.3 Dilute the combined solutions to volume and mix.
A1.20.4 Cobalt Standard Solution(1 mL = 1.5 mg Co)—Dissolve 1.500 g of cobalt (purity, 99.9 % min) in 80 mL of HNO3

(1 + 1). Boil to expel the brown fumes. Cool, transfer into a 1-L volumetric flask, dilute to volume, and mix.
A1.20.5 Iron Standard Solution(1 mL = 0.3 mg Fe)—Dissolve 0.3000 g of iron (purity, 99.9 % min) in 80 mL of HNO3 (1 + 1).

Boil to expel the brown fumes. Cool, transfer into a 1-L volumetric flask, dilute to volume, and mix.

9 Beryllium reference material NBL-85 (99.0 Be), available from U.S. Department of Energy, New Brunswick Laboratory, 9800 South Cass Avenue, Argonne, IL, has been
found suitable. A1.263 g-portion of this reference material contains 1.250 g of beryllium.
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A1.20.6 Lead Standard Solution(1 mL = 0.3 mg Pb)—Dissolve 0.3000 g of lead (purity, 99.9 % min) in 80 mL of HNO3

(1 + 1). Boil to expel the brown fumes, cool, dilute to volume, and mix.
A1.20.7 Nickel Standard Solution(1 mL = 1.25 mg Ni)—Dissolve 1.250 g of nickel (purity, 99.9 % min) in 80 mL of HNO3

(1 + 1). Boil to expel the brown fumes, cool, dilute to volume, and mix.

A1.21 Calibration

A1.21.1 Calibration Solutions—Label eight plastic 500-mL volumetric flasks A, B, C, D, E, F, G, and H respectively. Transfer
by pipet 50 mL of the copper stock solution into each flask. To the 8 volumetric flasks add the volumes of the standard solutions
and HNO3 (1 + 4) as in Table A1.1.

A1.21.1.1 The concentration percent of the analyte elements on a sample basis for each calibration solution are as in Table A1.2.
A1.21.2 Zero-Calibration Solution—Transfer by pipet 50 mL of the copper stock solution into a 500-mL volumetric flask, add

50 mL of HNO3, dilute to volume, and mix.

A1.22 Procedure

A1.22.1 Test Solutions—Transfer two portions of 2500 g each into individual 400-mL beakers and cover with 50 mL of water.
Cover the beaker, add 20 mL of HNO3, and allow to stand until dissolution is nearly complete. Heat at 80 to 90°C until dissolution
is complete. Cool, wash down the cover glass and inside of the beaker. Transfer each of the solutions into individual 500-mL
volumetric flasks, dilute to volume, and mix.

A1.22.2 Reagent Blank—Carry a reagent blank through the entire procedure starting with A1.22.1.
A1.22.3 Final Dilution —Immediately prior to analysis, transfer by pipet aliquots of the calibration solutions, test solutions, and

reagent blank into respective volumetric flasks and dilute to volume as in Table A1.3.
A1.22.4 Atomic-Absorption Measurements:
A1.22.4.1 Set the required instrument parameters according to Practice E 663 and the manufacturer’s recommendations. Light

the burner and aspirate water until the instrument reaches thermal equilibrium.
A1.22.4.2 Adjust the wavelength, lamp position, fuel, oxidant, burner and nebulizer to obtain maximum absorbance, while

aspirating the appropriate dilution of the highest calibration solution.
A1.22.4.3 Aspirate water until a steady signal is obtained and adjust the instrument readout system to obtain zero absorbance.
A1.22.4.4 Aspirate the appropriate dilutions of the calibration solutions in order of increasing absorbance starting with the

zero-calibration solution. When a stable response is obtained, record the readings. Aspirate the appropriate dilution of the reagent
blank and the test solutions and record their absorbance readings. Aspirate water between samples to flush the nebulizer and burner
system. Repeat all measurements at least two times.

A1.23 Calculation

A1.23.1 When necessary, convert the average readings of each solution to absorbance. Obtain the net absorbance for each
calibration solution by subtracting the average absorbance for the zero-calibration solution from the average absorbance of each
of the calibration solutions.

A1.23.2 Obtain the net absorbance of each test solution by subtracting the average absorbance of the reagent blank from the
average absorbance of the test solutions.

A1.23.3 Prepare a calibration curve by plotting net absorbance for the calibration solutions versus percent analyte element for
each of the five analytes.

A1.23.4 Convert the net absorbance of the test solutions to percent analyte by means of the calibration curve.
A1.23.4.1 Most state-of-the-art atomic-absorption spectrophotometers can be calibrated to yield a direct concentration reading.

This method of calibration may be used provided that additional calibration solutions are analyzed as samples to test for precision
and linearity. Should the instrument be equipped for multi-point calibration, several additional calibration solutions shall be
analyzed to ensure that error has not been introduced by the curve-fitting routine.

A1.24 Precision and Bias

A1.24.1 Precision—The precision of this test method is dependent upon the care and precision exercised during instrument

TABLE A1.1 Calibration Solutions

FlaskA
Volume of Standard Solution, mL HNO3

Aluminum Beryllium Cobalt Iron Lead Nickel (1 + 4)

A 5 5 2.5 2.5 2.5 2.5 47
B 10 10 5 5 5 5 44
C 15 15 7.5 7.5 7.5 7.5 40
D 20 20 10 10 10 10 35
E 25 30 20 20 20 20 26
F 30 40 30 30 30 30 18
G 40 50 40 40 40 40 9
H 50 60 50 50 50 50 0

A Dilute each flask to volume and mix.
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calibration and sample preparation, as well as, the purity of the reagents.
A1.24.2 Bias —The accuracy of this test method can be judged by analyzing material of known composition

TEST METHOD C—SILICON BY THE ALUMINUM MOLYBDATE SPECTROPHOTOMETRIC METHOD

A1.25 Scope

A1.25.1 This test method establishes a procedure for the spectrophotometric determination of silicon in concentrations from
0.01 to 0.30 % in copper-beryllium alloys.

A1.26 Summary of Test Methods

A1.26.1 The sample is dissolved in a mixture of nitric and fluorohydric (HF) acids. Silicon present in the sample is converted
to silicic or fluosilicic acid. An acidic solution of silicic or fluosilicic acid between pH 1.10 and 1.20, when treated with an excess
of ammonium molybdate, forms yellow molybdisilicic acid in less than 10 min under the conditions described in this test method.
Spectrophotometric measurement is made at 400 nm.

A1.26.1.1 With this test method, better results are normally obtained at 400 nm than at the absorption maximum at 355 nm, due
to high and variable background absorption at 355 nm.

A1.27 Color Stability

A1.27.1 Full color develops in less than 10 min and gradually fades. A uniform for color development should be established
and then used for both calibration and test solutions.

A1.28 Interferences

A1.28.1 Samples in contact with soft glass, such as spectrophotometer cells, may dissolve silica slowly from the glass giving
an increased color reading even in the presence of excess boric acid (H3BO3). Samples should be transferred to the
spectrophotometer cell just prior to reading.

A1.28.2 Phosphorous present in the final solution in excess of 0.05 mg will interfere unless the solution is treated with citric
acid to selectively destroy molybdiphosphoric acid.

A1.29 Apparatus

A1.29.1 Spectrophotometer—Determine the instrument suitable for use as directed in Practice E 60. Instrument response must
be adequate to permit an estimation of silicon to within 0.01 % on a sample basis.

A1.30 Reagents

A1.30.1 Ammonium Molybdate Solution(95 g (NH4)6-

TABLE A1.2 Concentration of Analyte Elements

Solution
Sample Basis Analyte Concentration, %

Aluminum Beryllium Cobalt Iron Lead Ni

A 0.03 0.25 0.15 0.03 0.035 0.125
B 0.06 0.50 0.30 0.06 0.07 0.25
C 0.09 0.75 0.45 0.09 0.105 0.375
D 0.12 1.00 0.60 0.12 0.14 0.50
E 0.15 1.50 1.20 0.24 0.28 1.00
F 0.18 2.00 1.80 0.36 0.42 1.50
G 0.24 2.50 2.40 0.48 0.56 2.00
H 0.30 3.00 3.00 0.60 0.70 2.50

TABLE A1.3 Calibration Solutions at Final Dilution

Solutions, % Aliquot (mL) Final Volume
Applicable
Calibrated
Solution

Aluminum (0.01 to 0.30) 50 50 A—H
Beryllium (0.02 to 1.00) 25 1000 A—D
Beryllium (1.00 to 3.00) 5 1000A D—H
Cobalt (0.06 to 0.60) 25 250 A—D
Cobalt (0.60 to 3.00) 20 1000 D—H
Iron (0.01 to 0.12) 50 100 A—D
Iron (0.12 to 0.60) 50 500 D—H
Lead (0.01 to 0.14) 50 50 A—D
Lead (0.14 to 0.70) 50 250 D—H
Nickel (0.02 to 0.50) 25 100 A—D
Nickel (0.50 to 2.50) 25 500 D—H

A Employ serial dilution to achieve the final dilution: Dilute 50 mL to 500 mL and
then dilute 50 mL of the second dilution to 1000 mL.
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Mo 7O24/L)—Dissolve (100 g of (NH4)6Mo 7O24·4H2O) in water. When turbid, filter and dilute to 1 L.
A1.30.2 Boric Acid Solution (Saturated)—Dissolve 60 g of H3BO 3 in hot water. Cool to ambient, allowing the excess boric

acid to recrystallize, and filter.
A1.30.3 Citric Acid Solution(50 g/L)—Dissolve 5.0 g of citric acid in water and dilute to 100 mL. This solution shall be freshly

prepared as needed.
A1.30.4 Copper (Low Silicon)—Copper containing less than 0.10 mg silicon.
A1.30.5 Silicon Standard Solution(1 mL = 0.10 mg Si)—Fuse 0.2139 g of anhydrous silicon oxide (SiO2) with 2.0 g of

anhydrous sodium carbonate (Na2CO3) in a platinum crucible. Cool the melt, dissolve completely in water, and dilute to 1 L in
a plastic volumetric flask. Store in plastic container.

A1.30.6 Urea Solution(100 g/L)—Dissolve 10 g urea in water and dilute to 100 mL. This solution shall be freshly prepared
as needed.

A1.31 Calibration Curve Preparation

A1.31.1 Calibration Solutions—Transfer 1.00-g portions of low-silicon copper into each of eight TFE-fluoropolymer 100-mL
beakers. Add to each beaker 0.4 mL of HF followed by 11.0 mL HNO3 (1 + 2). Cover the beakers with TFE-fluoropolymer watch
glasses and let stand for 5 min. Should dissolution not be complete, the beakers may be heated in a water bath at 60 to 65°C. Add
25 mL of the boric acid solution to each of 8 200-mL plastic volumetric flasks. Transfer each of the cool solutions from the beakers
into individual volumetric flasks through plastic funnels. Dilute to approximately 100 mL and mix. To seven of the flasks add 2.0,
5.0, 10.0, 15.0, 20.0, 30.0, and 40.0-mL portions respectively. These correspond to silicon concentrations of 0.02, 0.05, 0.10, 0.15,
0.20, 0.30, and 0.40 % respectively on a sample basis. Continue as directed in A1.31.3.

A1.31.1.1 Copper salts decrease the color intensity of the molybdisilicic acid complex. Therefore, it is necessary to have the
same amount of copper,6 100 mg, present in the final dilutions of both the calibration and test solutions.

A1.31.1.2 The dissolving acid mixture is designed to convert the silicon quantitatively to fluosilicic acid. The HF is necessary
to obtain dissolution of refractory silicides and also to prevent the formation of colloidal silicic acid, which does not react with
ammonium molybdate.

A1.31.2 Zero-Calibration Solution—Treat the solution from A1.31.1 to which no silicon has been added as directed in A1.31.3.
A1.31.3 Color Development—Add 10 mL of the urea solution and swirl the flask vigorously. Let stand for 1 to 2 min to allow

nitrogen to escape. Add 10.0 mL ammonium molybdate solution, dilute to volume and mix. Let stand for 10 min. Measure the
absorbance of the solutions as directed in A1.33.1.

A1.32 Procedure

A1.32.1 Test Solutions:
A1.32.1.1 Transfer three 1.000-g portions of the sample to individual 100-mL TFE fluorocarbon beakers. Add 0.4 mL of HF

and 11.0 mL of HNO3(1 + 2). Cover the beakers with TFE-fluorocarbon watch glasses and let stand 5 min. Should dissolution not
be complete, the beakers may be heated in a water bath at 60 to 65°C. When dissolution is complete, add 25 mL of boric acid
solution to three 200-mL plastic flasks. Transfer the solutions from the three beakers into individual plastic flasks through a plastic
funnel. Dilute to approximately 100 mL and mix. Reserve one portion for measurement of the background color and treat the
remaining two in accordance with A1.32.2.

A1.32.1.2 Fine particles of metal and light feathery drillings should be avoided, as they react too vigorously with the dissolving
mixture. Heavy pieces of metal should also be avoided, as they dissolve too slowly.

A1.32.2 Color Development:
A1.32.2.1 Should less than 0.1 phosphorous be present in the final solution, develop the color as described in A1.31.3.
A1.32.2.2 Should 0.1 to 0.5 mg of phosphorous be present in the final solution, develop the color as described in A1.31.3

through the addition of ammonium molybdate solution; then dilute to about 180 mL, mix, and let stand for 10 min. Add 10.0 mL
of citric acid, dilute to volume and mix.

A1.32.2.3 Without delay, take the absorbance reading as described in A1.33.1.
A1.32.3 Background Color—Treat the solution reserved in A1.32.1 as described in A1.32.2 omitting the addition of the

ammonium molybdate solution. Measure the absorbance as described in A1.33.1.

A1.33 Spectrophotometric Measurements

A1.33.1 Adjust the wavelength setting of the spectrophotometer to 400 nm. Transfer a portion of the zero-calibration solution
to a 1-cm pathlength spectrophotometer cell and adjust the instrument readout system to obtain zero absorbance. While maintaining
these adjustments, obtain the absorbance readings for the calibration solution, test solutions, and the background color solution
using matched 1-cm pathlength cells.

A1.34 Calculation

A1.34.1 Plot the absorbance readings for the calibration solutions versus percent silicon.
A1.34.2 Obtain the net absorbance of the test solutions by subtracting the absorbance of the background color solution from

the absorbance of the test solutions.
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A1.34.3 Convert the net absorbance of the test solutions to percent silicon by means of the calibration curve.
A1.34.3.1 Some spectrophotometers can be calibrated to yield a direct concentration reading. This method of calibration may

be used provided additional calibration solutions are analyzed as samples to test for the precision and linearity. Should the
instrument be equipped for multi-point calibration, several additional calibration solutions should be analyzed to ensure error has
not been introduced by the curve-fitting routine.

A1.35 Precision and Bias

A1.35.1 Precision—The precision of this test method is dependent upon the care and precision exercised during instrument
calibration and sample preparation, as well as, the purity of the reagents.

A1.35.2 Bias —The accuracy of this test method can be judged by analyzing material of known composition.
A1.35.3 The precision and bias of these test methods are being determined.

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in accordance with the International System of Units (SI). The derived
SI unit for force is the newton (N), which is defined as that force which when applied to a body having a mass of one kilogram
gives it an acceleration of one metre per second squared (N = kg·m/s2). The derived SI unit for pressure or stress is the newton
per square metre (N/m2), which has been named the pascal (Pa) by the General Conference on Weights and Measures. Since 1
ksi = 6 894 757 Pa the metric equivalents are expressed as megapascal (MPa), which is the same as MN/m2 and N/mm2.

SUMMARY OF CHANGES

This section identifies principle changes to this specification that have been incorporated since the 1996 issue
as follows:

(1) Document was revised to meet the requirements ofForm and Style for ASTM Standards(Blue Book) and the Committee B05
Outline of Form of Specifications(OFS).
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
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Designation: B 196/B 196M – 03

Standard Specification for
Copper-Beryllium Alloy Rod and Bar 1

This standard is issued under the fixed designation B 196/B 196M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes the requirements for
copper-beryllium alloy rod and bar in straight lengths. The
following three alloys are included:
Copper Alloy
UNS No.

Previously Used
Designations

Nominal Beryllium
Content, %

C17000 Alloy 165 1.7
C17200 Alloy 25 1.9
C17300 1.9

+0.4 lead

1.2 Unless otherwise required, Copper Alloy UNS No.
C17200 shall be the alloy furnished whenever Specification
B 196/B 196M is specified without any alloy designation.

1.3 The values stated in either inch-pounds or SI units are to
be regarded separately as the standard. Within the text, the SI
units are shown in brackets. The values stated in each system
may not be exact equivalents; therefore, each system shall be
used independently of the other. Combining values from the
two systems may result in nonconformance with the specifi-
cation.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standards form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:
B 194 Specification for Copper-Beryllium Alloy Plate,

Sheet, Strip and Rolled Bar

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes, and
Forgings

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast

B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods of Tension Testing of Metallic Materials
E 8M Test Methods of Tension Testing of Metallic Materi-

als [Metric]

3. General Requirements

3.1 The following sections of Specification B 249/B 249M
constitute a part of this specification:

3.1.1 Terminology;
3.1.2 Dimensions and Permissible Variations;
3.1.3 Workmanship, Finish, and Appearance;
3.1.4 Sampling;
3.1.5 Number of Tests and Retests;
3.1.6 Specimen Preparation;
3.1.7 Test Methods;
3.1.8 Significance of Numerical Limits;
3.1.9 Inspection;
3.1.10 Rejection and Rehearing;
3.1.11 Certification;
3.1.12 Mill Test Report;
3.1.13 Packaging and Package Marking; and
3.1.14 Heat Identification
3.2 In addition, when a section with a title identical to that

referenced in 3.1 above appears in this specification, it contains
additional requirements which supplement those appearing in
Specification B 249/B 249M.

4. Terminology

4.1 For terms related to copper and copper alloys, refer to
Terminology B 846.

4.2 Definitions of Terms Specific to This Standard:
4.2.1 grain count—the number of grains per stock thick-

ness.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved Oct. 1, 2003. Published November 2003. Originally
approved in 1945 to replace portions of B 120 – 41 T. Last previous edition
approved in 2001 as B 196/B 196M – 01.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



5. Ordering Information

5.1 Orders for products should include the following infor-
mation, as applicable:

5.1.1 ASTM specification designation and year of issue,
5.1.2 Quantity,
5.1.3 Copper Alloy UNS No. designation (Section 1),
5.1.4 Form of material (rod or bar and cross section, such as

round, hexagonal, and so forth),
5.1.5 Temper (Section 8),
5.1.6 Dimensions (diameter or distance between parallel

surfaces, and length),
5.1.7 How furnished (stock or specific lengths, with or

without ends), and
5.1.8 When material is ordered for agencies of the U.S.

government (See Section 11).
5.2 The following options are available and should be

specified in the contract or purchase order when required:
5.2.1 Type of edge (square corners, rounded corners,

rounded edge, full-rounded edge),
5.2.2 Mechanical properties (tension test and hardness)

(Section 10),
5.2.3 Certification, and
5.2.4 Mill Test Report.

6. Materials and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be Copper Alloy

UNS No. C17000, C17200, or C17300, cast and worked and of
such purity and soundness as to be suitable for processing into
the products prescribed herein.

6.1.2 Heat traceability shall be maintained and reported on
the Mill Test Report or Certification.

6.2 Manufacture:
6.2.1 The product shall be produced with a combination hot

working, cold working, and thermal processing to produce a
uniform wrought structure and the specified temper.

7. Chemical Composition

7.1 The material shall conform to the chemical composition
requirements prescribed in Table 1 for Copper Alloy UNS No.
designation specified in the ordering information.

7.2 These composition limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established and analysis required by agreement between the
manufacturer, or supplier, and purchaser.

7.3 Copper is customarily given as remainder, but may be
taken as the difference between the sum of all elements
analyzed and 100 %.

7.4 When all the elements in Table 1 are determined, the
sum of results shall be 99.5 % min.

8. Temper

8.1 The standard temper designations available under this
specification and as specified in Practice B 601 are solution
heat-treated TB00 (A), and cold-drawn hard TD04 (H), (see
Table 2) to be precipitation heat treated by the user. Also
available are products already precipitation heat treated by the
manufacturer, tempers TF00 (AT) and TH04 (HT). These
products meet property requirements in Table 3 and normally
require no further heat treatment by the user.

9. Precipitation Heat Treatment

9.1 The precipitation heat treatment is performed on TB00
(A) and TD04 (H) tempers by the purchaser, after machining or
forming.

9.2 Conformance to the TF00 (AT) and TH04 (HT) speci-
fication limits shown in Table 3, for products supplied in the
TB00 (A) or the TD04 (H) tempers, shall be determined by
testing test specimens heat treated at a uniform temperature of
600 to 675°F (316 to 357°C) for the times shown in Table 4.

9.3 End products may be heat treated at other times and
temperatures for specific applications. These special combina-
tions of properties such as increased ductility, electrical con-
ductivity, dimensional accuracy, endurance life, and resistance
to elastic drift and hysteresis in springs, may be obtained by
special precipitation-hardening heat treatments. The mechani-
cal requirements of Table 3 do not apply to such special heat
treatments. Specific test requirements as needed shall be agreed
upon between the manufacturer or supplier and purchaser of
the end product.

9.4 TF00 (AT) and TH04 (HT) tempers as standard mill-
hardened products have been precipitation heat treated and
tested by the manufacturer for conformance to the specification
limits shown in Table 3. Further thermal treatments of these
tempers are not normally required.

10. Mechanical Property Requirements

10.1 Tensile Test Requirements:
10.1.1 The tension test, in accordance with Test Methods

E 8 or 8M, shall be the standard test for rod (round, hexagonal,
and octagonal) and bar (square) having a nominal diameter or
distance between parallel surfaces up to3⁄8 in. [1 mm] incl, and
other shapes having a nominal cross-sectional area up to 0.141
in.2 [3.6 mm], incl. The tensile strength requirements shall be
prescribed in Table 2 and Table 3 after precipitation heat
treatment in accordance with 8.1.

10.2 Rockwell Hardness Requirements:
10.2.1 Hardness shall be the standard test for round, hex-

agonal, octagonal, and square rod larger than3⁄8 in. [1 mm]
nominal diameter or distance between parallel surfaces and
other shapes having a nominal cross-sectional area exceeding
0.141 in.2 [3.6 mm]. The hardness requirements shall be as
prescribed in Table 2 for solution heat treated or solution heat

TABLE 1 Chemical Requirements

Element

Composition,%

Copper Alloy UNS No.

C17000 C17200 C17300

Beryllium 1.60–1.79 1.80–2.00 1.80–2.00
Nickel + cobalt, min 0.20 0.20 0.20
Nickel + cobalt

+ iron, max
0.6 0.6 0.6

Aluminum, max 0.20 0.20 0.20
Silicon, max 0.20 0.20 0.20
Lead ... ... 0.20–0.6
Copper remainder remainder remainder
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treated and cold worked and in Table 4 after prescribed heat
treatment. The tension test should not be made except when
indicated by the purchaser.

10.2.2 Where agreement on Rockwell hardness tests cannot
be reached, the tensile strength requirements of Tables 2 and 3
shall be the basis for acceptance or rejection.

11. Purchases for U. S. Government

11.1 When specified in the contract or purchase order,
product purchased for an agency of the U. S. government shall
conform to the special government requirements specified in
the Supplementary Requirements section of Specification
B 249/B 249M.

12. Dimensions and Permissible Variations

12.1 The dimensions and tolerances for material covered by
this specification shall be as prescribed in the current edition of
Specification B 249/B 249M:

12.2 Diameter or Distance Between Parallel Surfaces:
12.2.1 Rod, Round, Hexagonal, Octagonal
12.2.2 Rod, Hot-Rolled, Round
12.2.3 Rod, As-Extruded
12.2.4 Bar, Rectangular and Square
12.2.5 Bar, As-Extruded
12.3 Length
12.4 Straightness
12.5 Edge Contours

13. Workmanship, Finish and Appearance

13.1 The product shall be free of defects, but blemishes of
a nature that do not interfere with the intended application are
acceptable.

14. Sampling

14.1 Sampling shall be in accordance with Specification
B 249/B 249M, except that the heat size is defined as 12 000
lbs (5455 kg) or fraction thereof.

14.2 Sample pieces shall be taken from a heat and lot of
material processed simultaneously in the same equipment, as
follows:

14.2.1 Heat—A heat shall be the result of castings poured
simultaneously from the same source of molten metal.

14.2.2 Lot—The lot shall be a heat or fraction thereof.

15. Number of Tests and Retests

15.1 Section 9 of Specification B 249/B 249M constitutes a
part of this specification.

15.2 Test specimens shall be taken from the sample pieces
selected in accordance with 14.1.

15.2.1 In the case of product shipped in the TB00 or TD04
condition, two test specimens shall be taken from each sample
piece. One is to be tested in the as-sampled condition, and one
in the precipitation heat-treated condition.

15.2.2 In the case of product shipped in the precipitation
heat-treated condition, one specimen from each sample shall be
tested.

15.3 Retests—If any lot of material fails to conform to the
requirements of this specification as a result of inaccurate heat
treatment, new samples of material may be resubmitted for test
after proper heat treatment. Only two such reheat treatments
shall be permitted.

16. Specimen Preparation

16.1 Section 10 of Specification B 249/B 249M constitutes
a part of this specification.

16.2 Test Specimens—Tension test specimens, when re-
quired, shall be prepared in a full cross-sectional area if
practicable and in the direction of final working unless other-
wise specified. Full cross section or machined specimens shall
be as specified in Test Methods E 8 or E8M.

NOTE 1—Mechanical property data determined on other than round
cross sections, for sizes under 0.125 in., may be compromised and be
inaccurate as a result of the stress riser effect on the corner.

17. Test Methods

17.1 Section 11 of Specification B 249/B 249M constitutes
a part of this specification.

17.2 Chemical Analysis—The Chemical Composition sec-
tion is amended to include in the group of chemical analysis
techniques, Specification B 194 Annex.

17.3 Test methods to be followed for the determination of
element(s) resulting from contractural or purchase order agree-
ment shall be agreed upon between the supplier and the
purchaser.

18. General Requirements

18.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification B 249/B 249M.

19. Keywords

19.1 beryllium copper bar; beryllium copper rod; copper
beryllium bar; copper beryllium rod; UNS Alloy No. C17000;
UNS Alloy No. C17200; UNS Alloy No. C17300

TABLE 2 Solution Heat-Treated and Solution Heat-Treated and Cold-Worked Mechanical Property Requirements

Temper Designation Diameter or Maximum
Distance Between
Parallel Surfaces Tensile

Strength,
ksi

Tensile
Strength,

MPa
Yield Strength, min

0.2 % offset, ksi

Rockwell
Hardness,
B Scale

Elongation in
4 3 DA,
min, %

Standard Former
in. mm MPa

TB00 Solution heat treated (A) all sizes all sizes 60–85 410–590 20 140 45–85 20

TD04 Hard (H) up to 3⁄8 , incl. up to 1 90–130 660–900 75 520 88–103 8
over 3⁄8 to 1 incl. over 1 to 25.4 incl. 90–125 620–860 75 520 88–102 8
over 1 to 3, incl. over 25.4 to 76.2 85–120 590–830 75 520 88–101 8

A 4 3 D = 4 3 diameter.

B 196/B 196M – 03

3



TA
B

LE
3

P
re

ci
pi

ta
tio

n
H

ea
t-

Tr
ea

te
d

M
ec

ha
ni

ca
lP

ro
pe

rt
y

R
eq

ui
re

m
en

ts
A

Te
m

pe
r

D
es

ig
na

tio
n

D
ia

m
et

er
or

M
ax

im
um

D
is

ta
nc

e
B

et
w

ee
n

P
ar

al
le

lS
ur

fa
ce

s

C
op

pe
r

A
llo

y
U

N
S

N
o.

E
lo

ng
at

io
n

in
4

3
D

B
,

m
in

,
%

C
17

00
0

C
17

20
0

an
d

C
17

30
0

S
ta

nd
ar

d
F

or
m

er
Te

ns
ile

S
tr

en
gt

h,
ks

i

Te
ns

ile
S

tr
en

gt
h

M
P

a

Y
ie

ld
S

tr
en

gt
h,

m
in

,
0.

2
%

of
fs

et
,

ks
i

R
oc

kw
el

l
H

ar
dn

es
s,

C
S

ca
le

Te
ns

ile
S

tr
en

gt
h,

ks
i

Y
ie

ld
S

tr
en

gt
h,

m
in

,
0.

2
%

of
fs

et
,

ks
i

R
oc

kw
el

l
H

ar
dn

es
s,

C
S

ca
le

in
.

m
m

M
P

a
M

P
a

M
P

a

T
F

00
S

ol
ut

io
n

he
at

tr
ea

te
d

(A
T

)
up

to
3,

in
cl

.
up

to
76

.2
15

0–
19

0C
10

30
–1

31
0C

12
5

86
0

32
–3

9
16

5–
20

0C
11

40
–1

38
0C

14
5

10
00

36
–4

2
4

ov
er

3
ov

er
76

.2
15

0–
19

0C
10

30
–1

31
0C

12
5

86
0

32
–3

9
16

5–
20

0C
11

40
–1

38
0C

13
0

90
0

36
–4

2
3

T
H

04
H

ar
d

(H
T

)
up

to
3
⁄8

,
in

cl
.

up
to

1
17

0–
21

0C
12

10
–1

45
0C

14
5

10
00

35
–4

1
18

5–
22

5C
12

80
–1

55
0C

16
0

11
00

39
–4

5
2

ov
er

3
⁄8

to
1,

in
cl

.
ov

er
1

to
25

.4
,

in
cl

.
17

0–
21

0C
11

70
–1

41
0C

14
5

10
00

35
–4

1
18

0–
22

0C
12

40
–1

52
0C

15
5

10
70

38
–4

4
2

ov
er

1
to

3,
in

cl
.

ov
er

25
.4

to
76

.2
,

in
cl

.
16

5–
20

0C
11

40
–1

38
0C

13
5

93
0

34
–3

9
17

5–
21

5C
12

10
–1

48
0C

14
5

10
00

37
–4

4
4

A
T

he
se

va
lu

es
ap

pl
y

to
st

an
da

rd
qu

al
ifi

ca
tio

n
he

at
tr

ea
tm

en
t,

se
e

8.
1.

B
4

3
D

=
4

3
di

am
et

er
.

C
T

he
up

pe
r

lim
its

in
th

e
te

ns
ile

st
re

ng
th

co
lu

m
n

ar
e

fo
r

de
si

gn
gu

id
an

ce
on

ly
.

B 196/B 196M – 03

4



SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 196/B 196M – 01) that may impact the use of this standard. (Approved Oct. 1, 2003.)

(1) Added 12.2.3 and 12.2.5 to Section 12 to refer As-Extruded
Bar and Rod to the appropriate table in Specification B 249/
B 249M.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 4 Standard Precipitation Heat Treatment Time for Acceptance Tests

Temper Designation Diameter or Distance Between
Parallel Surfaces, in. Time at 600 to 675°F,

Standard Former
in. mm h

TB00 Solution heat treated (A) all sizes all sizes 3
TD04 Hard (H) up to 3⁄4 , incl. up to 19.1, incl. 2

over 3⁄4 over 19.1 3

B 196/B 196M – 03
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Designation: B 197/B 197M – 01

Standard Specification for
Copper-Beryllium Alloy Wire 1

This standard is issued under the fixed designation B 197/B 197M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for
copper-beryllium alloy wire in coils, spools, or other than
straight lengths, of any uniform cross section. Copper Alloy
UNS Nos. C17200 and C173002 are included.

1.2 Unless otherwise required, Copper Alloy UNS No.
C17200 shall be the alloy furnished whenever Specification
B 197/B 197M is specified without any alloy designation.

1.3 The values stated in either inch-pounds or SI units are to
be regarded separately as the standard. Within the text, the SI
units are shown in brackets. The values stated in each system
are not exact equivalents; therefore, each system shall be used
independently of the other. Combining values from the two
systems may result in nonconformance with the specification.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standards form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:
B 194 Specification for Copper-Beryllium Alloy Plate,

Sheet, Strip, and Rolled Bar3

B 250 Specification for General Requirements for Wrought
Copper-Alloy Wire3

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]4

E 112 Test Methods for Determining Average Grain Size4

E 527 Practice for Numbering Metals and Alloys (UNS)5

3. General Requirements

3.1 The following sections of Specification B 250 constitute
a part of this specification:

3.1.1 Terminology,
3.1.2 Material and Manufacturer,
3.1.3 Chemical Composition,
3.1.4 Dimensions and Permissible Variations,
3.1.5 Workmanship, Finish, and Appearance,
3.1.6 Sampling,
3.1.7 Number of Tests and Retests,
3.1.8 Specimen Preparation,
3.1.9 Test Methods,
3.1.10 Significance of Numerical Limits,
3.1.11 Inspection,
3.1.12 Rejection and Rehearing,
3.1.13 Certification,
3.1.14 Mill Test Report, and
3.1.15 Packaging and Package Marking.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 above, appears in this specification, it
contains additional requirements which supplement those ap-
pearing in Specification B 250.

4. Terminology

4.1 For terms related to copper and copper alloys, refer to
Terminology B 846.

4.2 Definition of Term Specific to This Standard:
4.2.1 grain count—the number of grains per stock thick-

ness.

5. Ordering Information

5.1 Orders for products should include the following infor-
mation:

5.1.1 ASTM specification designation and year of issue,
5.1.2 Copper (Alloy) UNS No. designation,
5.1.3 Temper (Section 7),
5.1.4 Dimensions, diameter, or distance between parallel

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved April 10, 2001. Published August 2001. Originally
published as B 197 – 45 T. Last previous edition B 197/B 197M – 99.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards,Vol 02.01.
4 Annual Book of ASTM Standards,Vol 03.01. 5 Annual Book of ASTM Standards,Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.



surfaces, and length if applicable,
5.1.5 Form of material: cross section such as round, hex-

agonal, octagonal, oval, trapezoidal, and so forth,
5.1.6 How furnished: coils spools, reels, or bucks, and

specific lengths with or without ends or stock lengths with or
without ends if applicable, and

5.1.7 When material is ordered for agencies of the U.S.
Government (see Section 15).

5.2 The following options are available and should be
specified in the contract or purchase order when required:

5.2.1 Type of edge: square corners, round edge, full-
rounded edge (see the Edge Contours section in the Dimen-
sions and Permissible Variations Section of Specification
B 250),

5.2.2 Grain size (Section 9.1),
5.2.3 Grain count (Section 9.2),
5.2.4 Mechanical properties (tensile strength and hardness)

(Section 10),
5.2.5 Bend test (after precipitation heat treatment) (11.1),
5.2.6 Heat identification or traceability details,
5.2.7 Special packaging requirements,
5.2.8 Certification, and
5.2.9 Mill test report.

6. Chemical Composition

6.1 The material shall conform to the chemical composition
requirements prescribed in Table 1 for copper alloy UNS No.
designation specified in the ordering information.

6.2 These composition limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established and analysis required by agreement between the
manufacturer or supplier and purchaser.

6.3 Copper is customarily given as remainder, but may be
taken as the difference between the sum of all elements
analyzed and 100 %.

6.4 When all the elements in Table 1 are determined, the
sum of results shall be 99.5 % min.

7. Temper

7.1 The standard tempers available under this specification
and as specified in Practice B 601 are TB00 (solution heat
treated), or with varying degrees of cold work TD00 to TD04
to be precipitation heat treated by the user. Also available are
products already precipitation heat-treated by the manufac-
turer, tempers TF00 (AT), TH00 to TH04. These products meet
property requirements in Tables 2 and 3 and generally do not
require further heat treatment by the user.

7.2 The pretempered product TL08 shown in Table 4 is
prepared by the manufacturer for special applications.

NOTE 1—Special or nonstandard tempers are subject to negotiation
between the supplier and the purchaser.

8. Precipitation Heat Treatment

8.1 The precipitation heat treatment is normally performed
by the purchaser after forming. The heat treatment specified
herein is applicable to mill products. Other treatment times and
temperatures may be preferable for end products made from
this material.

8.2 Conformance to the TF00 (AT) through TH04 (HT)
specification limits shown in Tables 2 and 3 for products
supplied in the TB00 (A) through TD04 (H) tempers, shall be
determined by testing test specimens heat-treated at a uniform
temperature of 600 to 625°F [316 to 329°C] for the times
shown in Table 5.

8.3 Special combinations of properties such as increased
ductility, electrical conductivity, dimensional accuracy, endur-
ance life, and resistance to elastic drift and hysteresis in springs
may be obtained by special precipitation-hardening heat treat-
ments. The mechanical requirements of Tables 2 and 3 do not
apply to such special heat treatments.

9. Physical Property Requirements

9.1 Grain Size—The average grain size of each of two
samples of rectangular other than square wire, in thicknesses
over 0.010 in. [0.25 mm] taken after precipitation heat treat-
ment (see 8.2), shall not exceed the limits specified in Table 6
when determined in accordance with Test Methods E 112 and
taken on a plane perpendicular to the direction of rolling or
drawing.

9.2 Grain Count:
9.2.1 The grain count of each of two samples of rectangular

other than square wire, in thicknesses over 0.004 to 0.010 in.
[0.10 to 0.25 mm] inclusive, taken after precipitation heat
treatment (see 8.2), shall not be less than the limits specified in
Table 7 when tested in accordance with 9.2.2.

TABLE 1 Chemical Requirements

Element

Composition, %

Copper Alloy UNS
No. C17200

Copper Alloy UNS
No. C17300

Beryllium 1.80–2.00 1.80–2.00
Additive elements:

Nickel + cobalt, min 0.20 0.20
Nickel + cobalt + iron, max 0.6 0.6
Lead . . . 0.20–0.60

Aluminum, max 0.20 0.20
Silicon, max 0.20 0.20
Copper remainder remainder

TABLE 2 Tensile Strength Requirements for Round, Hexagonal,
Octagonal, and Square Wire After Precipitation Heat Treatment

(See 11.2)

Temper Designation Tensile Strength,A

Standard Former ksiB MPa

TF00 Precipitation
hardened (AT)

160–200C [1105–1380]

TH01 1⁄4 hard and
precipitation heat
treated (1⁄4 HT)

175–210C [1205–1450]

TH02 1⁄2 hard and
precipitation heat
treated (1⁄2 HT)

185–215 [1275–1480]

TH03 3⁄4 hard and
precipitation heat
treated (3⁄4 HT)D

190–230 [1310–1585]

TH04 Hard and
precipitation heat
treated (HT)

195–230 [1345–1585]

AThese values apply to mill products (see 11.2).
Bksi = 1000 psi.
CCorrected editorially.
DTH03 (3⁄4 HT) condition is generally available up to 0.080 in. [2.0 mm],

inclusive, in diameter or distance between parallel surfaces.

B 197/B 197M
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9.2.2 Grain count is the number of grains per stock thick-
ness, averaged for five locations one stock thickness apart.
Grain count shall be determined in a plane perpendicular to the
direction of rolling or drawing.

10. Property Requirements

10.1 The property requirement basis for acceptance or
rejection for product in all forms and tempers is listed in the
Tables as follows:

10.1.1 For round, hexagonal, octagonal, and square wire:
10.1.1.1 In the solution heat-treated, and solution heat-

treated and cold worked conditioning—Table 8,
10.1.1.2 After precipitation heat-treatment—Table 2,
10.1.1.3 In the pretempered (mill-hardened) condition—

Table 4.

10.1.2 For rectangle other than square wire:
10.1.2.1 Rockwell hardness shall be the basis of acceptance

or rejection for wire 0.015 in. (0.040 mm) thick or over unless
otherwise specified—Table 9.

10.1.2.2 For wire less than 0.015 in. (0.40 mm), or when
agreement on hardness tests cannot be reached, the tensile
strength requirements shall apply.

10.1.2.3 In the solution heat-treated and solution heat-
treated and cold-worked condition—Table 9.

10.1.2.4 After precipitation heat-treatment—Table 3.

11. Performance Requirements

11.1 Bend Tests Requirements:
11.1.1 Round, hexagonal, octagonal, and square wire in

tempers shown in Table 8 shall withstand being bent cold

TABLE 3 Mechanical Property Requirements A for Rectangular Other Than Square Wire After Precipitation Heat Treatment (See 11.2)

NOTE 1—Rockwell hardness values apply only to direct determinations, not converted values.

Temper Designation Tensile StrengthA Rockwell hardnessB

Standard Former ksiC MPa C Scale, min 30N Scale, min 15N Scale, min

TF00 Precipitation hardened (AT) 165–190 [1140–1310] 36 56 78
TH01 1⁄4 hard and precipitation heat treated (1⁄4 H) 175–200 [1210–1380] 38 58 79
TH02 1⁄2 hard and precipitation heat treated (1⁄2 HT) 185–210 [1280–1450] 39 59 79.5
TH04 Hard and precipitation heat treated (HT) 190–215 [1310–1480] 40 60 80

AThe upper limit in the tensile strength column applies to material thicker than 0.020 in. [0.50 mm].
BThe thickness of material that may be tested in the case of the Rockwell hardness scales is as follows:

C Scale 0.032 in. and over [0.80 mm and over]
30N 0.020 to 0.032 in., excl [0.50 to 0.80 mm, excl]
15N Scale 0.015 to 0.020 in., excl [0.38 to 0.50 mm, excl]

Cksi = 1000 psi.

TABLE 4 Tensile Strength Requirements for Round, Hexagonal, Octagonal, and Square Wire After Mill Hardening (Pretempered TL08-
Former Designation XHT)

Diameter or Distance Between
Parallel Surfaces, in.

Tensile Strength,
ksiA

Diameter or Distance Between
Parallel Surfaces, mm

Tensile Strength,
MPa

Over 0.050 to 0.075, excl 140–165 [Over 1.2 to 1.9, excl] [965–1140]
0.075 to 0.100, excl 120–140 [1.9 to 2.5, excl] [830–965]
0.100 to 0.114, incl 115–130 [2.5 to 2.9, excl] [795–895]

Aksi = 1000 psi.

TABLE 5 Standard Precipitation Heat Treatment Time for
Acceptance Test

Temper Designation Before Hardening
Time at 600 to 625°F, h

[316–329°C]

Standard Former

Round,
Hexagonal,
Octagonal,
and Square

Wire

Rectangular
Other Than
Square Wire

TB00 Solution heat treated (annealed) 3 3
TD01 Quarter-hard 2 21⁄2
TD02 Half-hard 11⁄2 2
TD03 Three-quarter hard 1 2
TD04 Hard 1 2

TABLE 6 Grain Size Requirements for Rectangular Other Than
Square Wire

Thickness, in.
Maximum Average

Grain Size, mm
Thickness, mm

Over 0.010 to 0.030, incl 0.035 [Over 0.25 to 0.75, incl]
Over 0.030 to 0.090, incl 0.045 [Over 0.75 to 2.30, incl]
Over 0.090 to 0.188, incl 0.060 [Over 2.3 to 4.8, incl]

TABLE 7 Grain Count Requirements for Rectangular Other Than
Square Wire

Thickness, in.
Minimum
Number of

Grains
Thickness, mm

Over 0.004 to 0.006, incl 6 [Over 0.10 to 0.15, incl]
Over 0.006 to 0.008, incl 7 [Over 0.15 to 0.20, incl]
Over 0.008 to 0.010, incl 8 [Over 0.20 to 0.25, incl]

TABLE 8 Tensile Strength Requirements for Round, Hexagonal,
Octagonal, and Square Wire

Temper Designation Tensile Strength,

Standard Former ksiA MPa

TB00 Solution heat treated (annealed) (A) 58–78 [400–540]
TD01 Quarter-hard (1⁄4 H) 90–115 [620–795]
TD02 Half-hard (1⁄2 H) 110–135 [760–930]
TD03 Three-quarter hardB (3⁄4 H) 130–155 [895–1070]
TD04 Hard (H) 140–165 [965–1140]

Aksi = 1000 psi.
BTD03 (3⁄4 H) and TD04 (H) tempers are generally available up to 0.080 in. [2.0

mm], inclusive, in diameter or distance between parallel surfaces.

B 197/B 197M
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through five successive turns on a radius equal to the diameter
or distance between parallel surfaces of the wire.

11.1.1.1 The specimens shall not develop cracks visible to
the unaided eye.

11.2 When specified (see 5.2.5), rectangular other than
square wire after precipitation heat treatment, according to
Table 5 and having dimensions of 0.004 to 0.020 in. [0.10 to
0.50 mm], inclusive in thickness, and having a width of at least
four times its thickness, shall conform to the requirements
specified in Table 10 when tested in accordance with 14.2.

12. Dimensions and Permissible Variations

12.1 The dimensions and tolerances for material covered by
this specification shall be as specified in the current edition of
Specification B 250, with particular reference to the Dimen-
sions and Permissible Variations Section and the following
tables of that specification:

12.2 Diameter or Distance Between Parallel Surfaces—See
6.2, Table 2.

12.3 Thickness6 —See 6.3, Table 4,
12.4 Width6 —See 6.4, Table 6,
12.5 Length6 —See 6.5, Tables 7 and 8,
12.6 Straightness6 —See 6.6, Table 9.

13. Specimen Preparation

13.1 Tension test specimens, when required, shall be pre-
pared in a full cross-section area if practicable. Full cross-
section or machined specimens shall be as specified in Test
Methods E 8 and E 8M.

NOTE 2—Mechanical property data determined on other than round
cross section, for sizes under 0.125 in. [3.2 mm], may be compromised
and be inaccurate due to the stress riser effect on the corner.

14. Test Methods

14.1 Chemical Analysis—In case of dispute, the test method
in Specification B 194 Annex shall be used for determining
chemical requirements for the elements and ranges shown in
Table 1.

14.2 Bend Test—Five specimens of any convenient length
that have been precipitation heat treated in accordance with
Table 5, shall be clamped firmly between a flat jaw and test
radius, as shown in Fig. 1. The test radius shall be within66 %
of the specimen thickness up to 0.010 in. [0.25 mm], and
within 64 % of the specimen thickness 0.010 in. [0.25 mm]
and over. The test specimen shall be bent approximately 90
degrees around the test radius, using a tangential wiping
motion with adequate radial pressure to ensure continuous
contact between the specimen and the test radius. To pass the
bend test, at least four out of five, and at least 80 % of the total
specimens tested from a lot must withstand the 90 degree bend
without visible cracks or fractures when observed in the full 90
degree bend position.

15. Orders for U.S. Government Agencies

15.1 Orders for agencies of the U.S. Government shall
conform to the special government requirements stipulated in
the Supplement Requirements Section in Specification B 250.

16. Keywords

16.1 copper-beryllium; wire

6 Applicable to flat (rectangular and square) wire only.

TABLE 9 Mechanical Property Requirements for Rectangular Other Than Square Wire

NOTE 1—Hardness values shown apply only to direct determinations, not converted values.

Temper Designation Tensile Strength ElongationA in
2 in. [50 mm],

min, %

Rockwell HardnessB

Standard Former ksiC MPa B Scale 30T Scale 15T Scale

TB00 Solution heat treated (annealed) (A) 60–78 [410–510] 35 45–78 46–67 75–85
TD01 Quarter-hard (1⁄4 H) 75–88 [510–610] 10 68–90 62–75 83–89
TD02 Half-hard (1⁄2 H) 85–100 [590–690] 5 88–96 74–79 88–91
TD04 Hard (H) 100–120 [690–830] 2 96–102 79–83 91–94

AElongation requirement applies only to wire 0.004 in. [0.50 mm] and thicker.
BThe thickness of material that may be tested in the case of the Rockwell hardness scales is as follows:

B Scale 0.032 in. and over [0.80 mm and over]
30T Scale 0.020 to 0.032 in., excl [0.50 to 0.80 mm, excl]
15T Scale 0.015 to 0.020 in., excl [0.38 to 0.50 mm, excl]

Cksi = 1000 psi.

TABLE 10 Bend Test Requirements for Rectangular Other Than
Square Wire

Temper Designation
Test RadiusA

Standard Former

TF00 Precipitation hardened (AT) 5t
TH01 1⁄4 hard and precipitation heat treated (1⁄4 HT) 6t
TH02 1⁄2 hard and precipitation heat treated (1⁄2 HT) 9t
TH04 Hard and precipitation heat treated (HT) 15t

AThe trefers to the measured average stock thickness to be tested.

FIG. 1 Methods for Clamping Specimen to Radius for Bend Test

B 197/B 197M
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SUMMARY OF CHANGES

This section identifies the principle changes to B 197/B 197M that have been incorporated since the 1999
version.

(1) Section 10, Property Requirements, has been changed.
(2) Paragraph 11.2 was changed.
(3) Section 12, Dimensions and Permissible Variations, was
changed.

(4) Paragraph 14.2 was changed.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Designation: B 206/B206M – 97 (Reapproved 2002)

Standard Specification for
Copper-Nickel-Zinc (Nickel Silver) Wire and Copper-Nickel
Alloy Wire 1

This standard is issued under the fixed designation B 206/B206M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for wire
in round, hexagonal, octagonal, rectangular, and square form of
UNS Alloy Nos. C71000, C74500, C75200, C75700, C76400,
C77000, and C79200.

1.2 This specification is general in that the product is used in
many applications where the requirements are too particular to
be specified by standard test results.

1.2.1 For particular or critical applications it is advisable for
the purchaser to submit samples or drawings to the manufac-
turer to secure an adjustment of anneal or temper to suit the
application for which the product is intended.

1.3 The following information is intended to assist the
purchaser in the application of this specification:

1.3.1 For most general applications—UNS Alloy Nos.
C71000, C74500, C75200, and C75700.

1.3.2 For hard or spring tempers—UNS Alloy Nos. C76400
and C77000.

1.3.3 For ease of machining—UNS Alloy No. C79200.
1.4 The values stated in inch-pound units or SI units are to

be regarded separately as standard. Within the test, SI units are
shown in brackets. The values in each system are not exact
equivalents; therefore, each system shall be used independently
of the other. Combining values from the two systems may
result in nonconformance with the specification.

2. Referenced Documents

2.1 ASTM Standards:
B 250/B 250M Specification for General Requirements for

Wrought Copper-Alloy Wire2

B 601 Classification for Temper Designations for Copper
and Copper Alloy-Wrought and Cast2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]3

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)4

E 112 Test Methods for Determining Average Grain Size3

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

3. Terminology

3.1 For the definition of general terms related to copper and
copper alloys, refer to Terminology B 846.

3.2 Description of Terms Specific to This Specification:
3.2.1 unaided eye—permits the use of corrective optical

lenses necessary to obtain normal vision.

4. Ordering Information

4.1 Include the following information when placing pur-
chase orders or contracts for products to this specification:

4.1.1 ASTM designation and year of issue,
4.1.2 Copper Alloy UNS No. (Section 1),
4.1.3 Temper designation (Section 7),
4.1.4 Quantity—Total weight or length or number of pieces

of each temper, form, or alloy.
4.1.5 Dimensions—Diameter, distance between parallel

faces,
4.1.6 How furnished—specific lengths, coils, reels, and so

forth, and
4.1.7 When product is purchased for agencies of the U.S.

Government (B 250/B 250M).
4.2 The following options are available to this specification

and should be specified in the contract or purchase order when
required:

4.2.1 Heat identification or traceability details,
4.2.2 Certification (B 250/B 250M), and
4.2.3 Mill Test Reports (B 250/B 250M).

5. Material and Manufacture

5.1 Material—The material shall be made from cast or
wrought billets, logs or rods of Copper Alloy UNS Nos.
C71000, C74500, C75200, C75700, C76400, C77000, or
C79200, and shall be of such soundness and structure as to
enable them to be processed into the desired product.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes and Forgings.

Current edition approved Feb. 10, 1997. Published April 1997. Originally
published as B 206 – 46T. Last previous edition B 206 – 93.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01. 4 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.
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5.2 Manufacture—The product shall be manufactured by
such hot-working, cold-working, straightening, coiling or reel-
ing and annealing processing needed to produce a uniform
wrought structure and obtain the finish properties specified in
the purchase order or contract.

6. Chemical Composition

6.1 The material composition shall conform to the require-
ments of Table 1 for the Copper Alloy UNS No. specified in the
ordering information:

6.1.1 These compositional limits do not preclude the pres-
ence of other elements. When required, limits may be estab-
lished and analysis required for unnamed elements by agree-
ment between the supplier and the purchaser.

6.2 For UNS No. C71000, in which copper is listed as the
remainder, the copper content may be determined as the
difference between the sum of results for all elements analyzed
and 100 %.

6.3 For those copper alloys in which zinc is specified as the
remainder, either copper or zinc may be taken as the difference
between the sum of all elements analyzed and 100 %. When
copper is so determined, that difference value shall conform to
the requirements given in Table 1.

6.4 When all elements listed in Table 1 for the Copper Alloy
UNS No. prescribed in the ordering information are deter-
mined, the sum of results shall be 99.5 % minimum.

7. Temper

7.1 Tempers, as defined in Classification B 601, available to
this specification are as prescribed in Table 2, Table 3, and
Table 4 in the various alloys and sizes listed.

7.2 Hexagonal, octagonal, rectangular, and square wire are
normally furnished in H01 (quarter-hard) temper.

7.3 UNS Alloy Nos. C76400 and C77000 are normally
furnished in the H04 (hard), H08 (spring), or H14 (extra
spring) tempers.

8. Mechanical Property Requirements

8.1 Tensile Requirements:
8.1.1 Round wire 0.020 through 0.250 in. [0.50 through 6.0

mm] in diameter of the Copper Alloy UNS No. specified in the
ordering information shall conform to the requirements of
Table 2 or Table 3 for the prescribed H (cold-worked) temper
ordered.

8.1.1.1 Tensile strength shall be the standard temper test for
round wire in the size range noted above when ordered in the
H (cold-worked) condition. Acceptance or rejection based

upon mechanical properties shall depend upon the tensile test
results obtained when tested in accordance with Test Methods
E 8 or E 8M.

8.1.2 Requirements for round wire in sizes smaller than
0.020 in. [0.50 mm] or larger than 0.250 in. [6.0 mm] shall be
by agreement between the supplier and the purchaser.

8.1.3 Requirements for wire other than round shall be by
agreement between the supplier and the purchaser.

9. Grain Size for Annealed Wire

9.1 Product furnished in the OS (annealed) condition shall
conform to the requirements specified in Table 4 for the temper
and Copper Alloy UNS No. designated in the ordering infor-
mation, when tested in accordance with Test Methods E 112.

9.1.1 Grain size shall be the standard temper test for product
ordered in the OS (annealed) condition and acceptance or
rejection based upon grain size shall depend upon the average
grain size test results obtained.

10. Performance Requirements

10.1 Bending Requirements:
10.1.1 Wire of tempers H04 (hard), H08 (spring), and H14

(extra spring) in sizes up to 0.250 in. [6 mm] inclusive, shall
withstand being bent cold through an angle of 120° on a radius
equal to the diameter or distance between parallel surfaces of
the wire, without developing cracks or other flaws visible to the
unaided eye.

11. Dimensions, Mass and Permissible Variations

11.1 Refer to the appropriate paragraphs in Specification
B 250/B 250M with particular reference to the following
tables:

11.1.1 Diameter or Distance Between Parallel Surfaces—
Table 2,

11.1.2 Thickness, Tables 3 and 4,
11.1.3 Width, Tables 4 and 6,
11.1.4 Length, Tables 5, 6, 7, and 8, and
11.1.5 Straightness, Table 9.

12. Test Methods

12.1 Chemical Analysis:
12.1.1 Material composition shall, in case of dispute, be

determined as follows:

TABLE 1 Chemical Requirements

Copper Alloy UNS
No.

Composition, %

Copper Nickel (incl cobalt) Lead Iron, max Manganese, max Zinc

C71000 remainder 19.0-23.0 0.05 max 1.0 1.0 1.0 max
C74500 63.5-66.5 9.0-11.0 0.05 max 0.25 0.50 remainder
C75200 63.0-66.5 16.5-19.5 0.05 max 0.25 0.50 remainder
C75700 63.5-66.5 11.0-13.0 0.05 max 0.25 0.50 remainder
C76400 58.5-61.5 16.5-19.5 0.05 max 0.25 0.50 remainder
C77000 53.5-56.5 16.5-19.5 0.05 max 0.25 0.50 remainder
C79200 59.0-66.5 11.0-13.0 0.8-1.4 0.25 0.50 remainder
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Element Test Method

Copper E 478
Nickel and Cobalt E 478 (Gravimetric)
Lead E 478 (AA)
Iron E 478
Manganese E 62
Zinc (1 % max) E 478 (AA)
Zinc (>1 %) E 478 (Titrimetric)

12.1.2 Test Method(s) to be followed for the determination
of elements required by contractual or purchase order agree-
ment shall be as agreed upon between the supplier and the
purchaser.

13. General Requirements

13.1 The following sections of Specification B 250/B 250M
constitute a part of this specification:

13.1.1 Terminology,
13.1.2 Materials and Manufacture,
13.1.3 Workmanship, Finish and Appearance,
13.1.4 Sampling
13.1.5 Number of Tests and Retests,
13.1.6 Specimen Preparation,
13.1.7 Test Methods,
13.1.8 Significance of Numerical Limits,
13.1.9 Inspection,
13.1.10 Rejection and Rehearing,
13.1.11 Certification,
13.1.12 Test Reports (Mill),
13.1.13 Packaging and Package Marking, and

TABLE 2 Mechanical Requirements for Round Wire 0.020 to 0.250 in., Inclusive, in Diameter

Temper Designation
Tensile Strength, ksi

Copper Alloy UNS No.

Standard Former C71000 C74500 and C75700 C75200
C76400 and

C77000
C79200

H01 quarter-hard 55 73 68 74 70
72 88 84 93 90

H02 half-hard 67 88 83 92 90
83 103 97 110 110

H04 hard 77 108 99 112 104
92 123 111 128 124

H08 spring
0.020 to 0.0253 in., incl 90 min 130 min ... 130 min ...
Over 0.0253 to 0.0625 in., incl 88 min 125 min ... 125 min ...
Over 0.0625 to 0.125 in., incl 85 min 120 min ... 120 min ...
Over 0.125 to 0.250 in., incl 83 min 112 min ... 120 min ...
H14 super spring
0.020 to 0.040 in. 100 ... ... ... ...

115 ... ... ... ...

TABLE 3 Mechanical Requirements for Round Wire 0.50 to 6.0 mm, Inclusive, in Diameter

Temper Designation
Tensile Strength, MPa

Copper Alloy UNS No.

Standard Former C71000
C74500 and

C75700
C75200

C76400
and

C77000
C79200

H01 quarter-hard 380 505 470 510 485
495 605 580 640 620

H02 half-hard 460 605 570 635 620
570 710 670 760 760

H04 hard 530 740 685 770 715
635 850 765 885 850

H08 spring
Over 0.50 to 0.65 mm, incl 620 min 900 min ... 900 min ...
Over 0.65 to 1.60 mm, incl 605 min 860 min ... 860 min ...
Over 1.60 to 3.0 mm, incl 585 min 830 min ... 830 min ...
Over 3.0 to 6.0 mm, incl 570 min 770 min ... 830 min ...
H14 super spring 690 ... ... ... ...
0.50 to 1.0 mm, incl 790 ... ... ... ...

TABLE 4 Grain Size Requirements for Annealed Wire

Copper Alloy UNS No. Temper
Grain Size, mm

Nominal Minimum Maximum

C71000 OS015 0.015 ... 0.030
C71000 OS035 0.035 0.025 0.050
C74500, C75200,
C75700, C76400,
C77000, and C79200

OS015 0.015 ... 0.030

C74500, C75200,
C75700, C76400,
C77000, and C79200

OS035 0.035 0.025 0.050

C74500, C75200,
C75700, C76400, and
C77000

OS070 0.070 0.050 0.100

B 206/B206M – 97 (2002)
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13.1.14 Supplemental Requirements.
13.2 In addition, when a section with a title identical to one

of those referenced in 13.1 appears in this specification, it
contains additional requirements that supplement those which
appear in Specification B 250/B 250M.

14. Keywords

14.1 copper-alloy wire; copper-nickel wire; general purpose
wire; high strength wire; nickel silver wire; non-electrical wire;

UNS No. C71000 wire; UNS No. C74500 wire; UNS No.
C75200 wire; UNS No. C76400 wire; UNS No. C77000 wire;
UNS No. C79200 wire

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 206/B 206M – 97) that may impact the use of this standard.

(1) This standard was reapproved in October 2002 with
editorial changes.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 208 – 04 Endorsed by
American Foundrymen’s Society

Standard Practice for
Preparing Tension Test Specimens for Copper Alloy Sand,
Permanent Mold, Centrifugal, and Continuous Castings 1

This standard is issued under the fixed designation B 208; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This practice establishes procedures for preparing test
coupons and specimens (machined and unmachined) for ten-
sion tests of copper alloys for sand, permanent mold, centrifu-
gal and continuous castings.

1.2 The values stated in inch-pound units are the standard.
SI values given in parentheses are for information only.

2. Referenced Documents

2.1 ASTM Standards:2

B 846 Terminology for Copper and Copper Alloys

3. Terminology

3.1 Definitions of terms relating to copper alloys can be
found in Terminology B 846.

4. Significance and Use

4.1 The mechanical properties determined from test bars for
sand, permanent mold, and centrifugal castings poured in
accordance with this practice represent the properties of the
metal going into castings poured from the same heat. These
mechanical properties may not be the same as the properties of
the corresponding castings because of the solidification effects
of varying size, section, and design.

4.2 Test bars for continuous castings are taken from the
castings and therefore represent the properties of the castings.

5. Test Coupons

5.1 Sand Castings—The test bar coupons shall be made by
the same manufacturing process as the castings they represent
wherever possible. If the castings are cast entirely in green
sand, partial cores shall be permitted for the test bars but in no

case shall chills be permitted. Unless otherwise agreed upon
between the manufacturer and purchaser, test bars may be
poured in cores on a production line. The use of filters in the
gating system is permitted.

5.1.1 High-Shrinkage Sand-Cast Alloys—The test specimen
coupons for copper casting alloys exhibiting high shrinkage
during freezing and cooling shall be cast to the form and
dimensions shown in Fig. 1 (a or b) or 2 (a or b). If specimens
having threaded ends are to be used in the tension tests, the
length of the keel blocks in Fig. 1a may be reduced to 61⁄4 in.
(159 mm). See Appendix X1 for SI equivalents.

5.1.2 Low-Shrinkage Sand-Cast Alloys—The test specimen
coupons for copper casting alloys exhibiting low shrinkage
during freezing and cooling shall be cast to the form and
dimensions shown in Fig. 2 (A or B), Fig. 3, or Fig. 4 or as may
be prescribed in the casting specifications.

5.2 Centrifugal Castings—Unless otherwise specified by
the purchaser, the manufacturer shall pour the test bars in the
same type of mold as the castings themselves. That is, test bars
for sand mold castings shall be poured in sand molds, and test
bars for chill mold castings shall be poured in chill molds.

5.2.1 The centrifugally cast test specimen coupons shall be
cast to the form and dimensions of Fig. 5.

5.3 Continuous Castings—Test bars shall be taken from the
continuous cast product. Test bars may be taken before
mechanical straightening.

5.3.1 Test bar coupons shall be taken in a longitudinal
direction from the continuous cast product at the mid-wall of
hollow castings or at one-half the distance between the center
and the side of solid castings as illustrated in Fig. 6.

5.3.2 For irregular shapes, the location of the test bar
coupon shall be as agreed upon between the manufacturer and
purchaser.

5.3.3 Transverse test specimens are allowed for continuous
cast product having a cross section thickness, diameter, or wall
of 4 in. or more. The cross sections are the diameter of a round
solid, the distance across flats of a solid hexagon, the thickness
of a rectangle, and the wall thickness of a tube.

5.4 Permanent Mold Castings—The test bar coupons shall
be made in the permanent die for test bars shown in Fig. 7 or
Fig. 9. The runner, gate, and risers shall be coated with an

1 This practice is under the jurisdiction of ASTM Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.05 on Castings
and Ingots for Remelting.

Current edition approved May 1, 2004. Published June 2004. Originally
approved in 1946. Last previous edition approved in 2003 as B 208 – 96 (2003).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.
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(a) Bottom Gating

(b) Bottom Gating (Lower Weight Version)

NOTE 1—Where this type of test bar design is used, bottom gating is recommended for alloys such as aluminum bronze, where turbulence and oxidation
are factors.

FIG. 1 Double Keel Block Test Bar
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FIG. 2a Double Horizontal Full-Web Type Test Bars

FIG. 2 b Triple Full-Web Type Test Bar
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(a) Gating Design for Double Vertical Full-Web or Grip-Web Type Bars (Full-Web Bars Being Cast)

(b) Design of the Vertical Grip-Web Bar (Gating and Risering System as in ( a))

FIG. 3 Double Vertical Full-Web and Grip-Web Type Test Bars
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insulating spray. The test bar cavity shall be coated with a
graphite spray. Test bar casting shall be poured in the tilted
position and rotated to the vertical position during pouring.

6. Test Specimens

6.1 Sand Cast—Tension test specimens shall be machined
from the coupons described in 5.1.1 and 5.1.2 and shown in
Fig. 1, Fig. 2, and Fig. 3. They shall be of the form and
dimensions shown in Fig. 11 for the 0.500-in. standard test bar
specimen.

6.1.1 In the case of test specimens prepared from the
coupons in Fig. 4, the manufacturer shall have the option of
testing the specimens without machining the gage length. If the
specimens are machined, the gage length, parallel sections, and
fillets shall be machined to the dimensions shown in Fig. 11.

6.2 Centrifugally Cast—Tension test specimens shall be
machined from the coupons described in 5.2.1 and shown in
Fig. 5. They shall be of the form and dimensions shown in Fig.
11.

6.3 Continuous Cast—Tension test specimens shall be ma-
chined from the continuous cast product as described in 5.3.1
and shown in Fig. 6. They shall be of the form and dimensions
as shown in Fig. 11.

6.4 Permanent Mold—Tension test specimens shall be cut
from the test bar coupon shown in Fig. 7 or Fig. 9 and shall be
of the form and dimensions shown in Figs. 8 and 10.

NOTE 1—The dimensions for the die shown in Fig. 7 or Fig. 9 are
“standard rule.” After solidification and cooling, a tension test specimen of
the form and dimensions of Figs. 8 and 10 will be produced by the die
shown in Fig. 7 or Fig. 9.

FIG. 4 Optional Coupon for As-Cast Tension Test Specimen, Button Head

FIG. 5 Centrifugal Cast Test Bar
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6.4.1 The gage length and reduced section shall be as cast,
but the ends may be machined to fit the holders of the testing
machine in such a way that the load shall be axial.

7. Keywords

7.1 copper alloys; copper alloy castings; tension test speci-
mens

FIG. 6 Continuous Cast Test Bar
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FIG. 7 Permanent Mold Test Bar Die
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FIG. 8 Permanent Mold As-Cast Test Bar Obtained from Permanent Mold Die in Fig. 7

FIG. 9 Permanent Mold Test Bar Die
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FIG. 10 Permanent Mold As-Cast Test Bar Obtained from Permanent Mold Die in Fig. 9

Dimensions

Nominal Diameter

Standard Specimen Small-Size Specimens Proportional to Standard

in. in. in. in. in.

0.500 0.350 0.250 0.160 0.113

G—Gage length 2.000 6 0.005 1.400 6 0.005 1.000 6 0.005 0.640 6 0.005 0.450 6 0.005
D—Diameter (Note 1) 0.500 6 0.010 0.350 6 0.007 0.250 6 0.005 0.160 6 0.003 0.113 6 0.002
R—Radius of fillet, min 3⁄8 1⁄4 3⁄16 5⁄32 3⁄32

A—Length of reduced section, min Note 2 ) 21⁄4 13⁄4 11⁄4 3⁄4 5⁄8

NOTE 1—The reduced section may have a gradual taper from the ends toward the center, with the ends not more than 1 % larger in diameter than the
center (controlling dimension).

NOTE 2—If desired, the length of the reduced section may be increased to accommodate an extensometer of any convenient gage length. Reference
marks for the measurement of elongation should, nevertheless, be spaced at the indicated gage length.

NOTE 3—The gage length and fillets may be as shown, but the ends may be of any form to fit the holders of the testing machine in such a way that
the load shall be axial (see Figs. 8 and 10). If the ends are to be held in wedge grips it is desirable, if possible, to make the length of the grip section
great enough to allow the specimen to extend into the grips a distance equal to two thirds or more of the length of the grips.

NOTE 4—On the round specimens in Fig. 11 and Figs. 8 and 10, the gage lengths are equal to four times the nominal diameter. In some product
specifications other specimens may be provided for, but unless the 4-to-1 ratio is maintained within dimensional tolerances, the elongation values may
not be comparable with those obtained from the standard test specimen.

NOTE 5—The use of specimens smaller than 0.250-in. diameter shall be restricted to cases when the material to be tested is of insufficient size to obtain
larger specimens or when all parties agree to their use for acceptance testing. Similar specimens require suitable equipment and greater skill in both
machining and testing.

NOTE 6—Five sizes of specimens often used have diameters of approximately 0.505, 0.357, 0.252, 0.160, and 0.113 in., the reason being to permit easy
calculations of stress from loads, since the corresponding cross-sectional areas are equal or close to 0.200, 0.100, 0.0500, 0.0200, and 0.0100 in.2,
respectively. Thus, when the actual diameters agree with these values, the stresses (or strengths) may be computed using the simple multiplying factors
5, 10, 20, 50, and 100, respectively. (The metric equivalents of these five diameters do not result in correspondingly convenient cross-sectional areas and
multiplying factors.)

FIG. 11 Standard 0.500-in. Round Tension Test Specimen with 2-in. Gage Length and Examples of Small-Size Specimens Proportional
to the Standard Specimen
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APPENDIX

(Nonmandatory Information)

X1. SI EQUIVALENTS FOR NUMERICAL VALUES SHOWN IN Figs. 1-10

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 208 – 96
(2003)) that may impact the use of this standard. (Approved May 1, 2004.)

(1) A Referenced Document section was added. (2) New figures Fig. 9 and Fig. 10 were added.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 SI Equivalents for Numerical Values Shown in
Figs. 1-10

in. mm in. mm in. mm

0.005 0.13 7⁄8 22.2 21⁄2 63.5
0.01 0.25 15⁄16 23.8 23⁄4 69.8
0.50 12.7 1 25.4 3 76.2

1⁄16 1.59 11⁄16 27.0 31⁄16 77.8
1⁄8 3.18 11⁄8 28.6 33⁄8 85.7
1⁄4 6.35 13⁄16 30.2 31⁄2 88.9

33⁄4 95.2

9⁄32 7.14 11⁄4 31.8 4 102
5⁄16 7.94 15⁄16 33.3 41⁄4 108
3⁄8 9.52 17⁄16 36.5 41⁄2 114

43⁄4 121
5 127
51⁄2 140

7⁄16 11.1 11⁄2 38.1 6 152
15⁄32 11.9 15⁄8 41.3 61⁄4 159
1⁄2 12.7 111⁄16 52.9 61⁄2 165

5⁄8 15.9 13⁄4 44.4 8 203
11⁄16 17.5 2 50.8 81⁄16 205
3⁄4 19.0 21⁄16 52.4 81⁄4 210

13⁄16 20.6 21⁄4 57.2 9
91⁄2
1015⁄16

229
241
278
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Designation: B 216 – 97 (Reapproved 2003)

Standard Specification for
Tough-Pitch Fire-Refined Copper—Refinery Shapes 1

This standard is issued under the fixed designation B 216; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification establishes the requirements for
tough-pitch fire-refined copper wire bars, cakes, slabs, and
billets for fabricating into wrought products and ingot and
ingot bars for use in the manufacture of copper and copper
alloy castings. This copper is not intended for electrical
purposes.

1.2 Copper under this specification corresponds to the
designation “FRTP” (UNS C12500) as shown in Classification
B 224. This copper may also be used to produce copper,
corresponding to the designation “DPTE” (UNS C14520).

1.3 Although this specification includes certain UNS desig-
nations as described in Practice E 527, these designations are
for cross reference only and are not specification requirements.
Therefore, in case of conflict, this ASTM specification shall
govern.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.5 The following safety hazard caveat pertains only to the
test method described in the annex of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 224 Classification of Coppers2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications3

E 50 Practice for Apparatus, Reagents, and Safety Precau-

tions for Chemical Analysis of Metals, Ores, and Related
Materials4

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry4

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition4

E 527 Practice for Numbering Metals and Alloys (UNS)5

3. Terminology

3.1 For definitions of terms in this specification, refer to
Classification B 224.

4. Ordering Information

4.1 Contracts or purchase orders for product under this
specification should include the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Shape and Size: wire bar, cake, slab, billet, ingot, or

ingot bar,
4.1.3 Quantity: total weight or number of pieces for each

shape and size, and
4.2 When material is purchased for the U.S. government,

this shall be specified in the contract or purchase order, and the
material shall conform to the supplementary requirements as
defined herein.

4.3 The following options are available and should be
specified in the contract or purchase order when required:

4.3.1 Certification (Section 16),
4.3.2 Test Report (Section 17).

5. Material

5.1 Any copper may be used that will yield a product with
a chemical composition conforming to the requirements of
Table 1.

6. Chemical Composition

6.1 The product material shall conform to the requirements
of Table 1.1 This test method is under the jurisdiction of ASTM Committee B05 on Copper

and Copper Alloys and is the direct responsibility of Subcommittee B05.07 on
Refined Copper.

Current edition approved Apr. 10, 2003. Published June 2003. Originally
approved in 1946. Last previous edition approved in 1997 as B 216 – 97.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 14.02.

4 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



6.2 These specification limits do not preclude the presence
of other elements. Limits may be established and analysis
required by agreement between the manufacturer or supplier
and the purchaser.

7. Dimensions, Mass, and Permissible Variations

7.1 A permissible variation of65 % in weight and61⁄4 in.
(6.35 mm) in any dimension from the manufacturer’s pub-
lished list or the purchaser’s specified size shall be considered
good delivery; provided, however, that cakes may vary63 %
from the listed or specified size in any dimension greater than
8 in. (203.2 mm). The weight of copper in ingots and ingot bars
shall not exceed that specified by more than 10 %, but
otherwise its variation is not important.

8. Workmanship, Finish, and Appearance

8.1 Shapes intended for fabrication shall be substantially
free of shrink holes, cold sets, pits, sloppy edges, concave tops,
and similar defects in set or casting. This requirement shall not
apply to ingots or ingot bars, in which physical defects are of
no consequence.

9. Sampling

9.1 For routine sampling, the sampling practice shall be at
the discretion of the sampler.

9.2 In case of dispute the lot size, portion size, and selection
of pieces shall be as follows:

9.2.1 Lot Size—An inspection lot shall consist of all pieces
the same shape and size from the same production lot or
fraction thereof.

9.2.2 Portion Size—The portion shall be four or more
pieces randomly selected to be representative of the lot. Should
the lot consist of less than five pieces, each piece shall be
sampled.

9.3 Chemical Analysis:
9.3.1 In case of dispute the sample for chemical analysis

shall be taken from the pieces selected in 9.2.2 and combined
into one composite sample in accordance with Practice E 255
for a product in its final form. The minimum weight of the
composite sample shall be 150 g.

9.3.2 Instead of sampling in accordance with 9.2.2, the
manufacturer shall have the option of taking samples at the
time the castings are poured.

9.3.2.1 When composition of the material has been deter-
mined during the course of manufacture, sampling of the
finished product by the manufacturer is not required.

9.3.3 The number of samples to be taken for determination
of chemical composition shall be as follows:

9.3.3.1 When sampled at the time the castings are poured, at
least two samples, one soon after the start of the pour and one
near the end of the pour, shall be taken for each group of
castings poured from the same source of molten metal.

10. Number of Tests and Retests

10.1 Tests—The chemical composition shall be determined
as the average of results obtained from at least two replicate
analyses for each specified element.

10.2 Retests:
10.2.1 When requested by the manufacturer or supplier, a

retest shall be permitted when test results obtained by the
purchaser fail to conform with the product specification re-
quirement(s).

10.2.2 Retesting shall be as directed in the product specifi-
cation for the initial test except for the number of test
specimens which shall be twice that required for the original
test. Test results for all specimens shall conform to the product
specification requirement(s) in retest and failure to comply
shall be cause for lot rejection.

11. Specimen Preparation

11.1 The preparation of the analytical specimen is the
responsibility of the reporting laboratory.

12. Test Methods

12.1 For routine analysis, the method of analysis shall be at
the discretion of the reporting laboratory.

12.2 In case of dispute concerning copper content, the
method of analysis shall be in accordance with Test Methods
E 53.

12.3 In case of dispute concerning antimony, arsenic, bis-
muth, lead, nickel, selenium, or tellurium content, the method
of analysis shall be by electrothermal atomization atomic
absorption spectrometry as described in the Annex.

12.4 Test method(s) for the determination of element(s)
resulting from contractual or purchase order agreement shall be
as agreed upon between the manufacturer or supplier and the
purchaser.

13. Significance of Numerical Limits

13.1 Calculated values shall be rounded to the nearest unit
in the last right-hand significant digit used in expressing the
limiting value in accordance with the rounding method in
Practice E 29.

14. Inspection

14.1 The producer shall inspect the product and conduct
such tests as are necessary to verify that the specified require-
ments are met.

15. Rejection and Rehearing

15.1 Rejection:
15.1.1 Product that fails to conform to the requirements of

the product specification may be rejected.
15.1.2 Rejection shall be reported to the manufacturer, or

supplier, promptly and in writing.
15.1.3 In case of disagreement or dissatisfaction with the

results of the test upon which rejection was based, the
manufacturer or supplier may make claim for a rehearing.

TABLE 1 Chemical Requirements A

Element Composition, %

Copper (including silver), min 99.88
Arsenic, max 0.012
Antimony, max 0.003
Bismuth, max 0.003
Lead, max 0.004
Nickel, max 0.05
Selenium + Tellurium, max 0.025

A Analytical variance is not incorporated into the specified limits, refer to 10.1.

B 216 – 97 (2003)
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15.2 Rehearing—As a result of product rejection, the manu-
facturer or supplier may make claim for retest to be conducted
by the manufacturer or supplier and the purchaser. Samples of
the rejected product shall be taken in accordance with the
product specification and tested by both parties as directed in
the product specification, or, alternatively, upon agreement by
both parties, an independent laboratory may be selected for the
tests using the test methods prescribed in the product specifi-
cation.

16. Certification

16.1 When specified in the purchase order or contract, the
purchaser shall be furnished certification that samples repre-
senting each lot have been tested and inspected as directed in
the product specification and the requirements have been met.

17. Test Report

17.1 When specified in the purchase order or contract, the
manufacturer or supplier shall furnish to the purchaser a
manufacturer’s test report showing the results of the required
tests.

18. Product Marking

18.1 All shapes intended for fabrication shall be identified
with the producer’s brand, furnace charge, or other identifying
number.

18.2 Ingots and ingot bars shall have a brand identification
but need have no other number.

19. Packing and Package Marking

19.1 The producer shall arrange carload or lots so that, as far
as possible, each shall contain shapes bearing a single identi-
fying number.

20. Keywords

20.1 fire refined copper; refinery shapes; tough pitch copper

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:6

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels.

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standard:6

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:6

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the manufacturer is
responsible for the performance of all inspection and test
requirements specified. Except as otherwise specified in the
contract or purchase order, the manufacturer may use his own
or any other suitable facilities for the performance of the
inspection and test requirements unless disapproved by the

purchaser at the time the order is placed. The purchaser shall
have the right to perform any of the inspections or tests set
forth when such inspections and tests are deemed necessary to
ensure that the material conforms to prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, packed, Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

6 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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ANNEX

(Mandatory Information)

A1. TEST METHOD FOR DETERMINATION OF COMPLIANCE WITH CHEMICAL COMPOSITIONAL REQUIREMENT
FOR ANTIMONY, ARSENIC, BISMUTH, LEAD, NICKEL, SELENIUM, AND TELLURIUM IN SPECIFICATION B 216 BY

ELECTROTHERMAL ATOMIZATION ATOMIC ABSORPTION SPECTROMETRY

A1.1 Scope*

A1.1.1 This test method covers the analysis of antimony,
arsenic, bismuth, lead, nickel, selenium, and tellurium in
tough-pitch fire-refined copper.

A1.1.2 This standard may involve hazardous materials,
operations, and equipment. This standard does not purport to
address all of the safety concerns associated with its use. It is
the responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

A1.2 Summary of Test Method

A1.2.1 The test sample is dissolved in nitric acid and the
solution diluted to a known volume. An aliquot is introduced
into an electrothermal atomic absorption spectrometer, with
background correction capability. The absorbance of the reso-
nance line energy from the spectrum of the element is
measured and compared with that of calibration solutions of
the same element in a matched matrix.

A1.3 Significance and Use

A1.3.1 This test method is primarily intended to test tough-
pitch fire-refined copper for compliance with chemical com-
positional requirements of Specification B 216.

A1.3.2 It is assumed that all who use this test method will be
trained analysts capable of performing common laboratory
procedure skillfully and safely. It is expected that work will be
performed in a properly equipped laboratory.

A1.4 Interferences

A1.4.1 Elements normally present in tough-pitch fire-
refined copper do not interfere.

A1.4.2 Potential background interference is eliminated by
instrumental background correction and by use of matrix-
matched calibration solutions.

A1.5 Apparatus

A1.5.1 Atomic Absorption Spectrometer and Electrothermal
Atomizer—The instrument shall be equipped with a back-
ground corrector, and high-speed read-out electronics or a
high-speed recorder, or both. The instrument should be capable
of using single-element hollow cathode lamps or electrodeless
discharge lamps. Follow the manufacturer’s manual for instal-
lation and operations.

A1.5.2 Graphite Tubes—Pyrolytically coated graphite tubes
and L’vov platforms for use in the electrothermal atomizer.

A1.5.3 Micropipets—5 to 100 µL.
A1.5.4 Operating Parameters—Operating parameters vary

instrument to instrument and must be established for a particu-
lar instrument following the recommendations of the manufac-
turer.

A1.5.4.1 The analytical wavelengths are:
Elements Wavelength, nm

Antimony 217.6
Arsenic 193.9
Bismuth 223.0
Lead 283.3
Nickel 232.0
Selenium 196.0
Tellurium 214.3

A1.6 Reagents and Materials

A1.6.1 Argon—Purity: 99.98 %, min.
A1.6.2 Copper Solution(1 mL = 0.01 g Cu)—Dissolve 2 g

of well-characterized high-purity copper (National Bureau of
Standards, Standard Reference Material, NBS SRM 393) in 40
mL of HNO3 (1 + 1). Heat gently to dissolve the metal and
expel the brown fumes. Cool, transfer to a 200-mL volumetric
flask. Add 20 mL of HNO3, dilute to volume, and mix.

A1.6.3 Antimony Standard Solution(1 mL = 0.10 mg Sb)—
Dissolve 0.0548 g of potassium antimony tartrate
(KSbC4H4O7·1⁄2 H2O; purity: 99.9 %, min) with water and
transfer to a 100-mL volumetric flask, dilute to volume, and
mix.

A1.6.4 Arsenic Standard Solution(1 mL = 0.10 mg As)—
Dissolve 0.0264 g of arsenic trioxide (As2O3; purity: 99.9 %,
min) in 20 mL of water with one small pellet of potassium
hydroxide (KOH) and transfer to a 100-mL volumetric flask.
Add 10 mL of HNO3, dilute to volume and mix.

A1.6.5 Bismuth Standard Solution(1 mL = 0.10 mg Bi)—
Dissolve 10 mg of bismuth (Bi; purity: 99.9 %, min) in 5 mL
of HNO3(1 + 5). Heat gently to dissolve the metal. Transfer to
a 100-mL volumetric flask. Add 10 mL of HNO3, dilute to
volume, and mix.

A1.6.6 Lead Standard Solution(1 mL = 0.10 mg Pb)—
Dissolve 10 mg lead (Pb; purity: 99.9 %, min) in 5 mL of
HNO

3
(1 + 5). Heat gently to dissolve the lead. Transfer to a

100-mL volumetric flask. Add 10 mL of HNO3, dilute to
volume, and mix.

A1.6.7 Nickel Standard Solution(1 mL = 0.20 mg Ni)—
Dissolve 20 mg nickel (Ni; purity: 99.9 %, min) with 10 mL of
HNO3 (1 + 1). Heat gently to dissolve the nickel. Transfer to a
100-mL volumetric flask. Add 10 mL of HNO3, dilute to
volume, and mix.

A1.6.8 Selenium Standard Solution(1 mL = 0.10 mg Se)—
Dissolve 14.1 mg of selenium dioxide (SeO2; purity: 99.0 %,
min) in 10 mL of water. Transfer to a 100-mL volumetric flask.
Add 10 mL of HNO3, dilute to volume, and mix.

A1.6.9 Tellurium Standard Solution(1 mL = 0.10 mg Te)—
Dissolve 10 mg of tellurium in 2 mL of HNO3. Dilute to 10 mL
with water and transfer to a 100-mL volumetric flask. Add 10
mL of HNO3, dilute to volume, and mix.

B 216 – 97 (2003)
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A1.7 Hazards

A1.7.1 Safety Precautions:
A1.7.1.1 The ultraviolet radiation must be shielded at all

times to prevent eye damage.
A1.7.1.2 Warning—Arsenic trioxide (As2O3) is a hazard-

ous reagent and may be fatal if swallowed. Avoid inhalation
and prolonged or repeated skin contact.

A1.7.1.3 Selenium and selenium compounds are potentially
hazardous reagents. Avoid ingestion, inhalation, or prolonged
and repeated skin contact.

A1.7.1.4 Warning—Tellurium and tellurium compounds
are hazardous reagents and may be fatal if ingested. Avoid
inhalation and prolonged or repeated skin contact.

A1.7.1.5 For other specific hazards refer to Practice E 50.

A1.8 Calibration

A1.8.1 Calibration Solutions—Using micropipets, transfer
to individual 100-mL volumetric flasks the volume of each
standard solution as indicated in the following table:

Flask No. µL
ppmA

Nickel
ppmA Sb, As, Bi, Pb,

Se, Te

1 5 10 5
2 10 20 10
3 25 50 25
4 50 100 50
5 100 200 100
6 250 500 250

Note—Add 20 mL of copper standard solution to each flask.

A Concentration based upon 1 g/L.

A1.8.2 Calibration:
A1.8.2.1 Instrument Parameters—Set the required instru-

ment parameters and align the electrothermal atomizer in
accordance with the manufacturer’s recommendation. Deter-
mine the optimum electrothermal atomizer parameters for the
particular type atomizer, and sample size, as recommended by
the instrument manufacturer.

A1.8.2.2 Spectrometry:
(1) Zero the instrument or set the base line on the recorder,

or both.
(2) Check the zero stability and lack of spectral interfer-

ence within the atomization by running the preset heating
program for blank firing of the electrothermal atomizer. Repeat
to ensure baseline stability.

(3) Inject and atomize the calibration solutions in the order
of increasing concentrations. Inject each solution three times

and record the readings. Should good replication not be
achieved, repeat the process.

(4) Check for memory effects by running the blank firing
program and reset the zero or baseline, or both, if necessary.

(5) Plot the average reading from each calibration solution
versus the concentration of the analyte in the calibration
solution.

(6) For systems with direct instrument calibration, a
sufficient number of each calibration solution should be in-
jected and atomized to determine that proper calibration has
been achieved. Calibration should initially be checked as
described in (5) of the Calibration Section to ascertain that the
calibration is within the useful range of the curve.

A1.9 Procedure

A1.9.1 Dissolve 1-g sample, weighed to the nearest 1 mg, in
20 mL of HNO3 (1 + 1). Heat gently to dissolve the metal and
expel the brown fumes. Transfer to a 100-mL volumetric flask.
Cool, add 10 mL of HNO3, dilute to volume, and mix.

A1.9.2 Ensure that the test solution is within 1°C of the
calibration solutions.

A1.9.2.1 Inject and atomize the test solution for three
replicate readings and record the observations.

A1.9.2.1.1 Should a reading be beyond the useful range of
the calibration curve, make the necessary dilutions of the test
solution. Matrix concentration of test solution and calibration
solution must be the same. Repeat A1.9.2.1.

A1.10 Calculation

A1.10.1 Calculate the concentration of each element to be
determined using the calibration curves prepared in (5) of the
Calibration Section.

A1.10.2 Systems with direct reading capabilities will pro-
vide results in the calibration units.

A1.10.3 Calculated values shall be rounded to the desired
number of places in accordance with Practice E 29.

A1.11 Precision and Bias

A1.11.1 Precision—The precision of this test method is
dependent upon sampling, sample preparation, and preciseness
of calibration.

A1.11.2 Bias—The accuracy of this test method is depen-
dent to a great extent upon the care with which the calibration
solutions are prepared as well as the purity of the reagents
used.
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 216 – 96)
that may impact the use of this standard.

(1) The title of this specification has changed from Specifica-
tion for Tough-Pitch Fire-Refined Copper for Wrought Prod-

ucts and Alloys—Refinery Shapes to Specification for Tough-
Pitch Fire-Refined Copper—Refinery Shapes.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 224 – 04

Standard Classification of
Coppers 1

This standard is issued under the fixed designation B 224; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This is a classification of the various types of copper
currently available in refinery shapes and wrought products in
commercial quantities. It is not a specification for the various
types of copper.

1.2 In this classification, use is made of the standard copper
designations in use by the copper industry.

1.3 Although this classification includes certain UNS des-
ignations as described in Practice E 527, these designations are
for cross-reference only and are not requirements. Therefore, in
case of conflict, this ASTM classification shall govern.

1.4 This classification does not attempt to differentiate
between all compositions that could be termed either coppers
or copper-base alloys, but in conformance with general usage
in the trade, includes those coppers in which the copper is
specified as 99.85 % or more, silver being counted as copper.

NOTE 1—Coppers may contain small amounts of certain elements
intentionally permitted to impart specific properties, without excessively
lowering electrical conductivity. The total copper plus specific permitted
elements is usually specified as 99.85 % or more. These intentionally
permitted elements normally include, but are not limited to, arsenic,
cadmium, chromium, lead, magnesium, silver, sulfur, tellurium, tin, zinc,
and zirconium, plus deoxidizers, up to specific levels adopted by the
International Standards Organization.

1.5 Units—The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units, which are provided for
information only and are not considered standard.

2. Referenced Documents

2.1 ASTM Standards:2

B 5 Specification for High Conductivity Tough Pitch Cop-
per Refinery Shapes

B 115 Specification for Electrolytic Copper Cathode
B 170 Specification for Oxygen-Free Electrolytic Copper—

Refinery Shapes
B 216 Specification for Tough-Pitch Fire-Refined Copper

for Wrought Products and Alloys-Refinery Shapes
B 379 Specification for Phosphorized Coppers—Refinery

Shapes
E 527 Practice for Numbering Metals and Alloys (UNS)
F 68 Specification for Oxygen-Free Copper in Wrought

Forms for Electron Devices

3. Terminology

3.1 Appendix X1 describes the terms used in designating
the various coppers listed.

3.2 Appendix X2 describes the refinery shapes.
3.3 Appendix X3 describes the fabricators’ forms.

4. Significance and Use

4.1 This classification lists the types of copper available
from refineries or fabricators, or both, defines the common
terms used, and gives the characteristics of many of the
coppers available. It is useful to the neophyte looking for the
appropriate copper for a particular application.

5. Basis of Classification

5.1 Table 1 lists the standard designations, and the refinery
shapes and fabricators’ products currently produced. The listed
coppers are not necessarily available in the complete range of
sizes in the form shown, nor from any one supplier in all forms.

5.2 Existing ASTM specifications for refinery copper and
for wrought copper products may cover more than one of the
coppers listed in Table 1 or may include only part of the range
covered by any one of the coppers shown in this classification.

6. Keywords

6.1 classification, coppers

1 This classification is under the jurisdiction of ASTM Committee B05 on
Copper and Copper Alloys and is the direct responsibility of Subcommittee B05.07
on Refined Copper.

Current edition approved May 1, 2004. Published June 2004. Originally
approved in 1948. Last previous edition approved in 1998 as B 224 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



TABLE 1 Classification of Coppers

NOTE 1—Table 1 lists the standard designations, refinery shapes, and fabricator’s products.

DesignationsType of CopperA UNS Nos.B

Form in which Copper is AvailableC

From RefinersD From FabricatorsE

Wire Bars Billets Cakes

Ingots
and

Ingot
Bars

Flat Prod-
ucts

Pipe
and

Tube

Rod
and
Wire

Shapes

CATH Electrolytic cathode Cathodes only

Tough-Pitch Coppers
ETP Electrolytic tough-pitch C11000 X X X X X X X X
RHC Remelted, high-conductivity tough pitch C11010 X X X X X X X X
ETP Electrolytic tough-pitch (anneal resist) C11100 X X X X X X X

FRHC Fire-refined, high-conductivity tough-pitch C11020 X X X X X X X X
STP Silver-bearing, tough-pitch C11300,

C11400,
C11500,
C11600

X X X X X X X X

FRTP Fire-refined, tough-pitch C12500 X X X X X X X
FRSTP Fire-refined tough-pitch with silver C12900 X X X X X

Oxygen-Free Coppers (Without use of Deoxidants)

OFE Oxygen-free, electronic C10100 X X X X X X X
OF Oxygen-free C10200 X X X X X X X

OFS Oxygen-free, silver-bearing C10400,
C10500,
C10700

X X X X X X X

OFXLP Oxygen-free, extra low phosphorus C10300 X X X X X X X
OFLP Oxygen-free, low-phosphorus C10800 X X X X X X X

Deoxidized Coppers

DLP Phosphorized, low-residual phosphorus C12000 X X X X X
DLPSF Phosphorized, low-residual phosphorus silver-

bearing
C12100 X X X X X

DHPG Phosphorized, high-residual phosphorus C12200 X X X X X X
DHPSF Phosphorized, high-residual phosphorus silver-

bearing
C12300 X X X X

DPTEH Phosphorized, tellurium-bearing C14520 X X

Other Coppers

Sulfur-bearing C14700 X X
Zirconium-bearing C15000 X X X X

PTE Tellurium-bearing C14500 X X
A See Appendix X1.
B The chemical compositions associated with these numbers are listed in the product specifications and in the Standard Designations for Copper and Copper Alloys that

appear in this publication under “Related Material”.
C The “X” in the table indicates commercial availability.
D See Appendix X2.
E See Appendix X3.
F This includes oxygen-free copper to which phosphorus and silver have been added in amounts agreed upon.
G This includes oxygen-free copper to which phosphorus has been added.
H This includes oxygen-free tellurium-bearing copper to which phosphorus has been added in amounts agreed upon.
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APPENDIXES

(Nonmandatory Information)

X1. TERMS USED TO DESIGNATE THE COPPERS

(Alphabetical listing of these terms does not necessarily indicate relative order of commercial importance.)

X1.1 Terms Relating to Method of Refining

X1.1.1 electrolytic copper—copper of any origin, refined by
electrolytic deposition including electrowinning. Usually when
this term is used alone it refers to electrolytic tough pitch
copper. This designation applies to the following:

X1.1.1.1 Cathodes that are the direct product of the refining
operation as described in Specification B 115.

X1.1.1.2 Electrodeposited copper cast in refinery shapes
suitable for hot or cold working or both, and by extension, to
fabricators’ products made therefrom.

X1.1.1.3 Electrodeposited copper cast into ingots or ingot
bars suitable for remelting.

X1.1.2 fire-refined copper—copper of any origin or type
finished by furnace refining without having been processed at
any stage by electrolytic or chemical refining. Usually when
the term fire-refined copper is used alone it refers to fire-refined
tough pitch copper as described in Specification B 216. This
designation applies to the following:

X1.1.2.1 Copper cast in refinery shapes suitable for hot or
cold working or both, and by extension, to fabricators’ prod-
ucts made therefrom.

X1.1.2.2 Ingots or ingot bars suitable for remelting.

X1.2 Terms Relating to Characteristics Determined by
Method of Casting or Processing

X1.2.1 deoxidized copper—copper cast in the form of
refinery shapes, produced free of cuprous oxide, as determined
by metallographic examination at 753 under polarized light,
by the use of metallic or metalloidal deoxidizers. Oxygen may
be present as residual deoxidation products. By extension, the
term applies to fabricators’ products made therefrom.

X1.2.2 oxygen-free copper—electrolytic copper produced
free of cuprous oxide, as determined by metallographic exami-
nation at 753 under polarized light, without the use of metallic
or metalloidal deoxidizers. By extension, the term applies to
fabricators’ products made therefrom.

X1.2.3 tough pitch copper—copper of any origin cast in the
form of refinery shapes, as described in Specification B 5,
containing a controlled amount of oxygen in the form of
cuprous oxide. By extension the term is also applicable to
fabricators’ products made therefrom.

X1.3 Terms Relating to Specific Kinds of Copper and to
Products Made Therefrom

X1.3.1 deoxidized copper, high-residual phosphorus—
copper deoxidized with phosphorus residual in amounts 0.015

to 0.040 %. The copper is not susceptible to hydrogen em-
brittlement, as determined in Specification B 379. The copper
is of relatively low-electrical conductivity due to the amount of
phosphorus present.

NOTE X1.1—International Standards Organization specifications permit
up to 0.050 % phosphorus.

X1.3.2 deoxidized copper, low-residual phosphorus—
copper deoxidized with phosphorous residual in amounts 0.004
to 0.012 %. The copper is not readily susceptible to hydrogen
embrittlement, as determined in Specification B 379. The
copper in the annealed condition has a minimum conductivity
of 90 % IACS.

X1.3.3 high-conductivity copper—copper that in the an-
nealed condition has a minimum electrical conductivity of
100 % IACS as required in Specifications B 5, B 115 and
B 170.

X1.3.4 oxygen-free electronic copper—high-purity, high-
conductivity oxygen-free copper normally intended for elec-
tronic and ultra-high vacuum (Specification F 68) applications.
The copper has high resistance to hydrogen embrittlement, as
determined in Specification B 170 or F 68, or both. The copper
in the annealed condition has a minimum electrical conductiv-
ity of 101 % IACS.

X1.3.5 oxygen-free copper, extra low phosphorus—oxygen-
free copper containing 0.001 to 0.005 % phosphorus. The
copper is not readily susceptible to hydrogen embrittlement, as
determined in Specification B 379. The copper in the annealed
condition has a minimum conductivity of 98.16 % IACS.

X1.3.6 oxygen-free copper, low phosphorus—oxygen-free
copper containing 0.005 to 0.012 % phosphorus. The copper is
not susceptible to hydrogen embrittlement, as determined in
Specification B 379. The copper in the annealed condition has
a minimum conductivity of 90 % IACS.

X1.3.7 silver-bearing copper.

X1.3.8 sulfur-bearing copper.

X1.3.9 deoxidized, phosphorus-tellurium copper.

X1.3.10 zirconium-bearing copper.

X1.3.11 tellurium-bearing copper.

NOTE X1.2—Coppers listed in X1.3.7-X1.3.11 contain the designated
element or elements in amounts as agreed upon between the manufacturer
or supplier and the purchaser.
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X2. DEFINITIONS OF REFINERY SHAPES

X2.1 billet—refinery shape used for piercing or extrusion
into tubular products or for extrusion into rods, bars, and
shapes. Circular in cross section, usually 3 to 16 in. (76 to 406
mm) in diameter, normally ranging in weight from 100 to 4200
lb (45 to 1905 kg).

X2.2 cake—refinery shape used for rolling into plate, sheet,
strip, or shape. Rectangular in cross section and of various
sizes, normally ranging in weight from 140 to 62 000 lb (63 to
28 200 kg).

X2.3 cathode—unmelted, electrodeposited, and somewhat
rough flat plate normally used for melting. The customary size
is about 3 ft (0.914 m) square, about1⁄2 to 7⁄8 in. (12.7 to 22.2
mm) thick, weighing up to about 300 lb (136 kg), and may

have hanging loops attached. Cathodes may also be cut to
smaller dimensions.

X2.4 ingot and ingot bar—refinery shapes used for remelt-
ing (not fabrication). Ingots normally range in weight from 20
to 35 lb (9 to 16 kg) and ingot bars from 50 to 70 lb (23 to 32
kg). Both are usually notched to facilitate breaking into smaller
pieces.

X2.5 wire bar—refinery shape used for rolling into rod or
flat product for subsequent processing into wire, strip, or shape.
Approximately 31⁄2 to 5 in. (89 to 127 mm) square in cross
section, usually 54 in. (1372 mm) in length and ranging in
weight from 200 to 420 lb (91 to 191 kg). Usually tapered at
both ends.

X3. DEFINITIONS OF FABRICATORS’ COPPER PRODUCTS

X3.1 flat product—a rectangular or square, solid section of
relatively great length in proportion to thickness. Included in
the designation “flat product” depending on the width and
thickness, are plate, sheet, strip, and bar. Also included is the
product known as “flat wire.”

X3.2 pipe—tube conforming to the particular dimensions
commercially known as “Standard Pipe Sizes.”

X3.3 rod—a solid section, round, hexagonal, or octagonal
in straight lengths. Round rod for further processing into wire
(known as “hot-rolled rod,” “wire-rod,” “redraw wire,” or

“drawing stock”) is furnished coiled.

X3.4 shape—a solid section, other than flat product, rod or
wire, furnished in straight lengths. Shapes are usually made by
extrusion but may also be fabricated by drawing.

X3.5 tube—a unidirectionally elongated hollow product of
uniform round or other cross section having a continuous
periphery.

X3.6 wire—a solid section, including rectangular flat wire
but excluding other flat products, furnished in coils or on
spools, reels, or bucks.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 224 – 98)
that may impact the use of this standard. (Approved May 1, 2004.)

(1) Removed UNS Alloy Nos. C11030 (CRTP) and C12700,
C12800, and C13000 (FRSTP) from the document.
(2) Removed terms describing “chemically refined copper”
from the document.

(3) Removed Referenced Documents B 30 and B 584 from the
document.
(4) Table X1.1 renamed as Table 1, former Appendix X1
removed and subsequent Appendixes renumbered.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

B 224 – 04

4



Designation: B 248 – 01 e1

Standard Specification for
General Requirements for Wrought Copper and Copper-
Alloy Plate, Sheet, Strip, and Rolled Bar 1

This standard is issued under the fixed designation B 248; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

e1 NOTE—Referenced Documents were editorially corrected in November 2003.

1. Scope*

1.1 This specification covers a group of general require-
ments common to several wrought product specifications.
Unless otherwise specified in the purchase order or in an
individual specification, these general requirements shall apply
to copper and copper-alloy plate, sheet, strip, and rolled bar
supplied under each of the following product specifications
issued by ASTM: B 36/B 36M, B 96/B 96M, B 103/B 103M,
B 121/B 121M, B 122/B 122M, B 152/B 152M, B 169/
B 169M, B 194, B 291, B 422, B 465, B 534, B 591, B 592,
B 694, B 740, B 747, and B 768.2

NOTE 1—A complete metric companion to Specification B 248 has
been developed—B 248M; therefore no metric equivalents are presented
in this specification.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 36/B 36M Specification for Brass Plate, Sheet, Strip, and

Rolled Bar3

B 96/B 96M Specification for Copper-Silicon Alloy Plate,
Sheet, Strip, and Rolled Bar for General Purposes and
Pressure Vessels3

B 103/B 103M Specification for Phosphor Bronze Plate,
Sheet, Strip, and Rolled Bar3

B 121/B 121M Specification for Leaded Brass Plate, Sheet,
Strip, and Rolled Bar3

B 122/B 122M Specification for Copper-Nickel-Tin Alloy,

Copper-Nickel-Zinc Alloy (Nickel Silver), and Copper-
Nickel Alloy Plate, Sheet, Strip, and Rolled Bar3

B 152/B 152M Specification for Copper Sheet, Strip, Plate,
and Rolled Bar3

B 169/B 169M Specification for Aluminum Bronze Sheet,
Strip, and Rolled Bar3

B 193 Test Method for Resistivity of Electrical Conductor
Materials4

B 194 Specification for Copper-Beryllium Alloy Plate,
Sheet, Strip, and Rolled Bar3

B 291 Specification for Copper-Zinc-Manganese Alloy
(Manganese Brass) Sheet and Strip5

B 422 Specification for Copper-Aluminum-Silicon-Cobalt
Alloy, Copper-Nickel-Silicon-Magnesium Alloy, Copper-
Nickel-Silicon Alloy, Copper-Nickel-Aluminum-
Magnesium Alloy, and Copper-Nickel-Tin Alloy Sheet and
Strip3

B 465 Specification for Copper-Iron Alloy Plate, Sheet,
Strip, and Rolled Bar3

B 534 Specification for Copper-Cobalt-Beryllium Alloy and
Copper-Nickel-Beryllium Alloy Plate, Sheet, Strip, and
Rolled Bar3

B 591 Specification for Copper-Zinc-Tin and Copper-Zinc-
Tin-Iron-Nickel Alloys Plate, Sheet, Strip, and Rolled Bar3

B 592 Specification for Copper-Zinc-Aluminum-Cobalt Al-
loy, Copper-Zinc-Tin-Iron Alloy Plate, Sheet, Strip, and
Rolled Bar3

B 694 Specification for Copper, Copper-Alloy, and Copper-
Clad Stainless Steel (CCS) and Copper-Clad Alloy Steel
(CAS) Sheet and Strip for Electrical Cable Shielding3

B 740 Specification for Copper-Nickel-Tin Spinodal Alloy
Strip3

B 747 Specification for Copper-Zirconium Alloy Sheet and
Strip3

B 768 Specification for Copper-Cobalt-Beryllium Alloy and
Copper-Nickel-Beryllium Alloy Strip and Sheet3

1 This specification is under the jurisdiction of the ASTM Committee B05 on
Copper and Copper Alloys and is the direct responsibility of Subcommittee B05.01
on Plate, Sheet, and Strip.

Current edition approved May 10, 2001. Published September 2001. Originally
published as B 248 – 51 T. Last previous edition B 248 – 98.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00”. The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards,Vol 02.01.

4 Annual Book of ASTM Standards,Vol 02.03.
5 Discontinued. See 1992Annual Book of ASTM Standards,Vol 03.05.

1

*A Summary of Changes section appears at the end of this standard.
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E 8 Test Methods for Tension Testing of Metallic Materials6

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials6

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications7

E 50 Practices for Apparatus, Reagents, and Safety Consid-
erations for Chemical Analysis of Metals, Ores, and
Related Materials8

E 53 Test Method for Determination of Copper in Unal-
loyed Copper by Gravimetry8

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes8

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Method)8

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys8

E 106 Test Methods for Chemical Analysis of Copper-
Beryllium Alloys8

E 112 Test Methods for Determining the Average Grain
Size6

E 118 Test Methods for Chemical Analysis of Copper-
Chromium Alloys8

E 121 Test Methods for Chemical Analysis of Copper-
Tellurium Alloys8

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition8

E 478 Test Methods for Chemical Analysis of Copper
Alloys9

E 527 Practice for Numbering Metals and Alloys (UNS)10

3. Terminology

3.1 Definitions:
3.1.1 blank—a piece of flat product intended for subsequent

fabrication by forming, bending, cupping, drawing, hot press-
ing, and so forth.

3.1.2 coil—a length of the product wound into a series of
connected turns. The unqualified term “coil” as applied to “flat
product” usually refers to a coil in which the product is spirally
wound, with the successive layers on top of one another.
(Sometimes called a “roll”.)

3.1.2.1 level or traverse wound—a coil in which the turns
are positioned into layers parallel to the axis of the coil such
that successive turns in a given layer are next to one another.

3.1.2.2 level or traverse wound on a reel or spool—a coil in
which the turns are positioned into layers on a reel or spool
parallel to the axis of the reel or spool such that successive
turns in a given layer are next to one another.

3.1.3 lengths—straight pieces of the product.
3.1.3.1 ends—straight pieces, shorter than the nominal

length, left over after cutting the product into mill lengths,
stock lengths, or specific lengths. They are subject to minimum
length and maximum weight requirements.

3.1.3.2 mill—straight lengths, including ends, that can be
conveniently manufactured in the mills. Full-length pieces are
usually 8, 10, or 12 ft and subject to established length
tolerances.

3.1.3.3 multiple—straight lengths of integral multiples of a
base length, with suitable allowance for cutting if and as
specified.

3.1.3.4 specific—straight lengths that are uniform in length,
as specified, and subject to established length tolerances.

3.1.3.5 specific with ends—specific lengths, including ends.
3.1.3.6 stock—straight lengths that are mill cut and stored in

advance of orders. They are usually 8, 10, or 12 ft and subject
to established length tolerances.

3.1.3.7 stock with ends—stock lengths, including ends.
3.1.4 plate—a wrought flat product over 0.188 in. thick and

over 12 in. wide, in straight lengths or coils (rolls).
3.1.5 reel or spool—a cylindrical device that has a rim at

each end and an axial hole for a shaft or spindle, and on which
the product is wound to facilitate handling and shipping.

3.1.6 rolled bar—a rolled flat product over 0.188 in. thick
and up to and including 12 in. wide, with sheared, sawed, or
machined edges, in straight lengths or coils (rolls).

3.1.7 sheet—a rolled flat product up to and including 0.188
in. thick and over 24 in. wide, in straight lengths or coils (rolls).

3.1.8 strip—a rolled flat product, other than flat wire, up to
and including 0.188 in. thick, in straight lengths, coils (rolls) or
traverse wound on reels or spools:

3.1.8.1 with slit, or sheared edges in widths up to 24 in.
inclusive.

3.1.8.2 with finished drawn or rolled edges, in widths over
11⁄4 to 12 in. inclusive.

4. Materials and Manufacture

4.1 Materials—The material shall be of such quality and
purity that the finished product shall have the properties and
characteristics prescribed in the applicable product specifica-
tion listed in Section 1.

4.2 Manufacture—The material shall be produced by either
hot- or cold-working operations. It shall be finished, unless
otherwise specified, by such hot working, cold working,
annealing, or heat treatment as may be necessary to meet the
properties specified.

4.3 Edges—The edges shall be slit, sheared, sawed, or
rolled edges, as specified. Slit edges shall be furnished unless
otherwise specified or agreed between purchaser and supplier
or manufacturer. See 5.6 for edge descriptions and tolerances.

5. Dimensions, Weights, and Permissible Variations

5.1 General—For the purpose of determining conformance
with the dimensional requirements prescribed in this specifi-
cation, any measured value outside the specified limiting
values for any dimension may be cause for rejection.

NOTE 2—Blank spaces in the tolerance tables indicate either that the
material is not available or that no tolerances have been established.

5.2 Thickness—The standard method of specifying thick-
ness shall be in decimal fractions of an inch. For material 0.021
in. and under in thickness, it is recommended that the nominal

6 Annual Book of ASTM Standards,Vol 03.01.
7 Annual Book of ASTM Standards,Vol 14.02.
8 Annual Book of ASTM Standards,Vol 03.05.
9 Annual Book of ASTM Standards,Vol 03.06.
10 Annual Book of ASTM Standards,Vol 01.01.
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thicknesses be stated not closer than the nearest half-
thousandth. (For example, specify 0.006 or 0.0065 in., but not
0.0063 in.) For material over 0.021 in. in thickness, it is
recommended that the nominal thicknesses be stated not closer
than the nearest thousandth. (For example, specify 0.128 or
0.129 in., but not 0.1285 in.) A list of preferred thicknesses is
shown in Appendix X1. The thickness tolerances shall be those
shown in Tables 1-3 for the product specification indicated:

5.2.1 Table 1—Thickness tolerances applicable to Specifi-
cations B 36/B 36M, B 121/B 121M, B 152/B 152M, B 291,
B 465, B 591 (Copper Alloy UNS No. C41100), B 592, and
B 747.

5.2.2 Table 2—Thickness tolerances applicable to Specifi-
cations B 96/B 96M, B 103/B 103M, B 122/B 122M, B 169/
B 169M, B 194, B 422, B 534, B 591, B 740, and B 768
(except Copper Alloy UNS No. C41100).

5.2.3 Table 3—Special thickness tolerances applicable to
Copper Alloy UNS No. C72500 when ordered to Specification
B 122/B 122M, and to Specifications B 194, B 534, B 740, and
B 768 as noted in the table.

5.3 Width—The width tolerances shall be those shown in
Tables 4-6, depending on the type of edge required (see
5.3.15.3.25.3.3):

5.3.1 Table 4—Width tolerances for slit metal and slit metal
with rolled edges.

5.3.2 Table 5—Width tolerances for square-sheared metal.
5.3.3 Table 6—Width tolerances for sawed metal.
5.4 Length—The material shall be furnished in coils or

straight lengths of plate, sheet, strip, or rolled bar as specified.
The length tolerances for straight lengths shall be those shown
in Tables 7-9, depending on the method of cutting required (see

5.4.1-5.4.3). When ends are permitted, the length and quantity
of the ends shall be in accordance with the schedule in Table 8.

5.4.1 Table 7—Length tolerances, for straight lengths.
5.4.2 Table 8—Schedule of minimum length and maximum

weight of ends for lengths with ends.
5.4.3 Table 9—Length tolerances for square-sheared metal.
5.4.4 Table 10—Length tolerances for sawed metal.
5.5 Straightness—The straightness tolerances, which are

the maximum edgewise curvature (depth of arc) in any 72-in.
portion of the total length, shall be those shown in Tables
11-13, depending on the type of edge required.

5.5.1 Table 11—Straightness tolerances for metal as slit, or
as slit and straightened, or as slit and edge-rolled, or metal with
drawn edges.

5.5.2 Table 12—Straightness tolerances for square-sheared
metal.

5.5.3 Table 13—Straightness tolerances for sawed metal.
5.6 Edges—When rolled edges are required, they may be

produced by either rolling or drawing to one of the following
specified edge contours:

5.6.1 Square Edges (Square Corners)—Edges shall have
square corners with essentially 90° angles and with a maxi-
mum corner radius as prescribed in Table 14.

5.6.2 Rounded Corners—Edges shall have rounded corners
as shown in Fig. 1 with a radius as prescribed in Table 15.

5.6.3 Rounded Edges—Edges shall be rounded as shown in
Fig. 2 with a radius as prescribed in Table 16.

5.6.4 Full-Rounded Edges—Edges shall be full rounded as
shown in Fig. 3 with a radius as prescribed in Table 17.

5.7 Weight Tolerances for Hot-Rolled Material:

TABLE 1 Thickness Tolerances
(Applicable to Specifications B 36/B 36M, B 121/B 121M, B 152/B 152M, B 291, B 465, B 591 (Copper Alloy UNS No. C41100), B 592, and

B 747)

Thickness, in.

Thickness Tolerances, plus and minus,A in.

Strip Sheet

8 in. and
Under in

Width

Over 8 to 12
in., incl, in

Width

Over 12 to 14
in., incl, in

Width

Over 14 to 20
in., incl, in

Width

Over 20 to 24
in., incl, in

Width

Over 24 to 28
in., incl, in

Width

Over 28 to 36
in., incl, in

Width

Over 36 to 48
in., incl, in

Width

Over 48 to 60
in., incl, in

Width

0.004 and under 0.0003 0.0006 0.0006 . . . . . . . . . . . . . . . . . .
Over 0.004 to 0.006, incl 0.0004 0.0008 0.0008 0.0013 . . . . . . . . . . . . . . .
Over 0.006 to 0.009, incl 0.0006 0.0010 0.0010 0.0015 . . . . . . . . . . . . . . .
Over 0.009 to 0.013, incl 0.0008 0.0013 0.0013 0.0018 0.0025 0.0025 0.003 0.0035 0.004
Over 0.013 to 0.017, incl 0.0010 0.0015 0.0015 0.002 0.0025 0.0025 0.003 0.0035 0.0045
Over 0.017 to 0.021, incl 0.0013 0.0018 0.0018 0.002 0.003 0.003 0.0035 0.004 0.005
Over 0.021 to 0.026, incl 0.0015 0.002 0.002 0.0025 0.003 0.003 0.0035 0.004 0.005
Over 0.026 to 0.037, incl 0.002 0.002 0.002 0.0025 0.0035 0.0035 0.004 0.005 0.006
Over 0.037 to 0.050, incl 0.002 0.0025 0.0025 0.003 0.004 0.004 0.005 0.006 0.007
Over 0.050 to 0.073, incl 0.0025 0.003 0.003 0.0035 0.005 0.005 0.006 0.007 0.008
Over 0.073 to 0.130, incl 0.003 0.0035 0.0035 0.004 0.006 0.006 0.007 0.008 0.010
Over 0.130 to 0.188, incl 0.0035 0.004 0.004 0.0045 0.007 0.007 0.008 0.010 0.012

Rolled Bar Plate

Over 0.188 to 0.205, incl 0.0035 0.004 0.004 0.0045 0.007 0.007 0.008 0.010 0.012
Over 0.205 to 0.300, incl 0.004 0.0045 0.0045 0.005 0.009 0.009 0.010 0.012 0.014
Over 0.300 to 0.500, incl 0.0045 0.005 0.005 0.006 0.012 0.012 0.013 0.015 0.018
Over 0.500 to 0.750, incl 0.0055 0.007 0.007 0.009 0.015 0.015 0.017 0.019 0.023
Over 0.750 to 1.00, incl 0.007 0.009 0.009 0.011 0.018 0.018 0.021 0.024 0.029
Over 1.00 to 1.50, incl 0.022 0.022 0.022 0.022 0.022 0.022 0.025 0.029 0.036
Over 1.50 to 2.00, incl 0.026 0.026 0.026 0.026 0.026 0.026 0.030 0.036 0.044

AWhen tolerances are specified as all plus or all minus, double the values given.
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5.7.1 Table 18—Lot weight tolerances for hot-rolled sheet
and plate applicable to Specifications B 96/B 96M (Copper
Alloy UNS Nos. C65500 and C65800) and B 152/B 152M.

5.7.2 The weight of each lot of five or more plates or sheets
of the same type and the same specified dimensions when
ordered to thickness, shall not vary from the theoretical by
more than the amount prescribed in Table 18 for the product
specification indicated. The weight of any individual plate or
sheet may vary from the nominal by not more than one third in
excess of the tolerances prescribed in Table 18 for the product
specification indicated. The tolerances for lots of less than five
plates or sheets shall be governed by the tolerances for
individual plates or sheets.

TABLE 2 Thickness Tolerances
(Applicable to Specifications B 96/B 96M, B 103/B 103M, B 122/B 122M, B 169/B 169M, B 194, B 422, B 534, B 591, B 740

(except Copper Alloy UNS No. C41100), and B 768)

Thickness, in.

Thickness Tolerances, Plus and Minus,A in.

Strip Sheet

8 in. and
Under in

Width

Over 8 to 12
in., incl, in

Width

Over 12 to 14
in., incl, in

Width

Over 14 to 20
in., incl, in

Width

Over 20 to 24
in., incl, in

Width

Over 24 to 28
in., incl, in

Width

Over 28 to 36
in., incl, in

Width

Over 36 to 48
in., incl, in

Width

Over 48 to 60
in., incl, in

Width

0.004 and under 0.0004 0.0008 0.0008 . . . . . . . . . . . . . . . . . .
Over 0.004 to 0.006, incl 0.0006 0.0010 0.0010 0.0015 . . . . . . . . . . . . . . .
Over 0.006 to 0.009, incl 0.0008 0.0013 0.0013 0.002 . . . . . . . . . . . . . . .
Over 0.009 to 0.013, incl 0.0010 0.0015 0.0015 0.0025 . . . . . . . . . . . . . . .
Over 0.013 to 0.017, incl 0.0013 0.002 0.002 0.0025 . . . . . . . . . . . . . . .
Over 0.017 to 0.021, incl 0.0015 0.0025 0.0025 0.003 . . . . . . . . . . . . . . .
Over 0.021 to 0.026, incl 0.002 0.0025 0.0025 0.003 0.004 0.004 0.005 0.006 0.007
Over 0.026 to 0.037, incl 0.0025 0.003 0.003 0.0035 0.005 0.005 0.006 0.007 0.008
Over 0.037 to 0.050, incl 0.003 0.0035 0.0035 0.004 0.006 0.006 0.007 0.008 0.010
Over 0.050 to 0.073, incl 0.0035 0.004 0.004 0.0045 0.007 0.007 0.008 0.010 0.012
Over 0.073 to 0.130, incl 0.004 0.0045 0.0045 0.005 0.008 0.008 0.010 0.012 0.014
Over 0.130 to 0.188, incl 0.0045 0.005 0.005 0.006 0.010 0.010 0.012 0.014 0.016

Rolled Bar Plate

Over 0.188 to 0.205, incl 0.0045 0.005 0.005 0.006 0.010 0.010 0.012 0.014 0.016
Over 0.205 to 0.300, incl 0.005 0.006 0.006 0.007 0.012 0.012 0.014 0.016 0.018
Over 0.300 to 0.500, incl 0.006 0.007 0.007 0.008 0.015 0.015 0.017 0.019 0.023
Over 0.500 to 0.750, incl 0.008 0.010 0.010 0.012 0.019 0.019 0.021 0.024 0.029
Over 0.750 to 1.00, incl 0.010 0.012 0.012 0.015 0.023 0.023 0.026 0.030 0.037
Over 1.00 to 1.50, incl 0.028 0.028 0.028 0.028 0.028 0.028 0.032 0.037 0.045
Over 1.50 to 2.00, incl 0.033 0.033 0.033 0.033 0.033 0.033 0.038 0.045 0.055

AWhen tolerances are specified as all plus or all minus, double the values given.

TABLE 3 Special Thickness Tolerances

Thickness, in.

Tolerances Applicable to
Copper Alloy UNS No.
C72500, Specification

B 122/B 122M and B 740
Tolerances, Plus and
Minus,A in., for Strip 8
in. and Under in Width

Tolerances Applicable to
Specifications B 194,

B 534, and B 768
Tolerances, Plus and
Minus,A in., for Strip 4
in. and Under in Width

0.004 and under 0.0002 0.0002
Over 0.004 to 0.006, incl 0.0003 0.0003
Over 0.006 to 0.009, incl 0.0004 0.0005
Over 0.009 to 0.013, incl 0.0005 0.0006
Over 0.013 to 0.017, incl 0.0007 0.0007
Over 0.017 to 0.021, incl 0.0008 0.0008
Over 0.021 to 0.026, incl 0.0010 0.0010
Over 0.026 to 0.032, incl 0.0013 0.0010
Over 0.032 to 0.050, incl 0.0015 . . .

AIf tolerances are specified as all plus or all minus, double the values given.

TABLE 4 Width Tolerances for Slit Metal and Slit Metal with
Rolled Edges

(Applicable to all specifications listed in 2.2)

Width, in.

Width Tolerances,A Plus and Minus, in.

For
Thicknesses

0.004 to
0.032 in.

For
Thicknesses

Over 0.032 to
0.125 in.

For
Thicknesses

Over 0.125 to
0.188 in.

For
Thicknesses

Over 0.188 to
0.500 in.

2 and under 0.005 0.010 0.012 0.015
Over 2 to 8, incl 0.008 0.013 0.015 0.015
Over 8 to 24, incl 1⁄64 1⁄64 1⁄64 1⁄32

Over 24 to 40, incl 1⁄32 1⁄32 1⁄32 3⁄64

AIf tolerances are specified as all plus or all minus, double the values given.

TABLE 5 Width Tolerances for Square-Sheared Metal
(Applicable to all specifications listed in 2.2)

NOTE—All lengths up to 120 in., incl.

Width, in.

Width Tolerances,A Plus and Minus, in.

1⁄16 in. and Un-
der in Thick-

ness

Over 1⁄16 to 1⁄8 in.,
incl, in Thickness

Over 1⁄8 in. in
Thickness

20 and under 1⁄32 3⁄64 1⁄16

Over 20 to 36, incl 3⁄64 3⁄64 1⁄16

Over 36 to 120, incl 1⁄16 1⁄16 1⁄16

AIf tolerances are specified as all plus or all minus, double the values given.

TABLE 6 Width Tolerances for Sawed Metal
(Applicable to all specifications listed in 2.2)

Width, in.

Width Tolerances,A Plus and Minus, in.

For Lengths Up to 10 ft, incl
For Lengths
Over 10 ft.

For Thicknesses
Up to 11⁄2 in., incl

For Thicknesses
Over 11⁄2 in.

All Thicknesses

Up to 12, incl 1⁄32 1⁄16 1⁄16

Over 12 to 120, incl 1⁄16 1⁄16 1⁄16

AIf tolerances are specified as all plus or all minus, double the values given.
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5.7.3 For the purpose of calculation, the densities of the
materials covered by these specifications are listed in Appendix
X2.

6. Workmanship, Finish and Appearance

6.1 The material shall be free of defects, but blemishes of a
nature that do not interfere with normal commercial operations
are acceptable. It shall be well cleaned and free of dirt. A
superficial film of residual light lubricant is normally present
and is acceptable unless otherwise specified.

6.2 The surface finish and appearance shall be the normal
commercial quality for the alloy, thickness, and temper or-
dered. When application information is provided with purchase
order, the surface shall be that commercially producible for the
application. Superficial films of discoloration, or lubricants, or
tarnish inhibitors are permissible unless otherwise specified.

7. Sampling

7.1 Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:

7.1.1 Lot Size—An inspection lot shall be 10 000 lb or less
material of the same mill form, alloy, temper, and nominal
dimensions, subject to inspection at one time or shall be the
product of one cast bar from a single melt charge, whose
weight shall not exceed 25 000 lb that has been continuously
processed and subject to inspection at one time.

7.1.2 Portion Size—A portion shall be four or more pieces
selected as to be representative of each lot. If the lot consists of
less than four pieces, representative samples shall be taken
from each piece.

7.1.2.1 Chemical Analysis—The sample for chemical analy-
sis shall be taken in accordance with Practice E 255 for product
in its final form. Unless otherwise required by the purchaser, at
the time the order is placed, the manufacturer shall have the
option of determining conformance to chemical composition
by analyzing samples taken at the time the castings are poured
or samples taken from the semifinished product if heat identity
can be maintained throughout all operations. If the manufac-
turer determines the chemical composition during manufac-
ture, he shall not be required to sample and analyze the finished
product. The minimum weight of the composite sample in
accordance with Practice E 255 that is to be divided into three
equal parts shall be as follows:

ASTM Designation Weight of Sample,
min, g

B 36/B 36M, B 96/B 96M, B 121/B 121M,
B 122/B 122M, B 152/B 152M, B 169/B 169M, B 194,
B 291, B 422, B 465, B 534, B 591, B 592, and
B 740

150

B 103/B 103M 225

7.1.2.2 Samples for All Other Tests—Samples for all other
tests shall be taken from the sample portion in 7.1.2 and be of
a convenient size to accommodate the test and comply with the
requirements of the appropriate ASTM Product Standards and
Test Methods.

8. Number of Tests and Retests

8.1 Chemical Requirements:
8.1.1 When samples are taken at the time the castings are

poured, at least one sample shall be analyzed for each group of
castings poured simultaneously from the same source of
molten metal.

8.1.2 When samples are taken from the semifinished or
finished product, at least one sample representative of the
product of each cast bar from a single melt charge continuously
processed with heat identity maintained shall be analyzed.

8.1.3 When samples are taken from the semifinished or
finished product and heat identity has not been maintained, a
single sample representative of each 10 000 lb lot, or fraction
thereof, shall be analyzed. When the product piece is greater
than 10 000 lb, one sample to be representative of the product
piece shall be analyzed.

8.2 Mechanical and Electrical Requirements and Grain
Size—Unless otherwise provided in the product specification,
test specimens shall be taken from two of the sample pieces
selected in accordance with 7.1.2. The required tests shall be
made on each of the specimens so selected. In the case of
copper alloy Specifications B 194, B 534, and B 740 two
specimens shall be taken from each of two sample pieces
selected in accordance with 7.1.2. One specimen from each
sample piece shall be tested without further treatment, and the
other specimen shall be tested after precipitation hardening. In
the case of the requirements in Table 4, Mill Hardened
Tempers, in Specifications B 194 and B 740, only two speci-
mens need to be taken and tested, because the product is in the
precipitation hardened temper as supplied. The reported value
shall be the arithmetic average of the readings. In the case of
hardness, three readings shall be taken and averaged for each
sample.

8.3 Retests:
8.3.1 If the chemical analysis of the specimens prepared

from samples selected in accordance with 7.1.2 fails to
conform to the specified limits, analysis shall be made on a
new composite sample prepared from the pieces selected in
accordance with 7.1.2.

8.3.2 If one of the two tests made to determine any of the
mechanical or physical properties fails to meet a specified
limit, this test shall be repeated on the remaining pieces,
maximum of two, selected in accordance with 7.1.2, and the
results of both of these tests shall comply with the specified
requirements.

TABLE 7 Length Tolerances for Straight Lengths
(Applicable to all specifications listed in 2.2 except B 694)

NOTE—The following length tolerances are all plus; if all minus
tolerances are desired, use the same values; if tolerances are desired plus
and minus, halve the values given.

Length ft.
Length Tolerances

in.

Specific lengths, mill lengths, multiple lengths, and spe-
cific lengths with ends 10 and under

1⁄4

Over 10 to 20, incl 1⁄2
Stock lengths and stock lengths with ends 1A

AAs stock lengths are cut and placed in stock in advance of orders, departure
from the tolerance is not practicable.
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8.3.3 If any test specimen shows defective machining or
develops flaws, it may be discarded and another specimen
substituted.

8.3.4 If the percentage of elongation of any tension test
specimen is less than that specified and any part of the fracture
is outside the middle two thirds of the gage length or in a
punched or scribed mark within the reduced section, a retest
shall be allowed.

8.3.5 If a bend test specimen fails because of conditions of
bending more severe than required by the specification, a retest

shall be permitted, either on a duplicate specimen or on a
remaining portion of the failed specimen.

8.3.6 After removal of defective specimens and correction
of test methods, only one retest cycle is permitted. If after the
retest the material fails to meet the requirements of this
specification, it shall be rejected.

9. Specimen Preparation

9.1 Chemical Analysis—A composite sample of the semi-
finished or finished product shall be prepared in accordance
with Practice E 255, or as described in 7.1.2.1.

9.2 Specimens shall be prepared in accordance with the
method prescribed in 10.3 for all other tests. Full cross-section
specimens shall be used whenever possible. Samples shall be
representative of the condition of the material, and particular
specimen preparation techniques shall be stated in the specific
product specification.

TABLE 8 Schedule of Minimum Length and Maximum Weight of Ends for Mill Lengths, Specific Lengths with Ends, and Stock Lengths
with Ends

(Applicable to all specifications listed in 2.2 except B 694)

Nominal Length, ft

0.050 in. and Under in Thickness Over 0.050 to 0.125 in., incl, in Thickness Over 0.125 to 0.250 in., incl, in Thickness

Minimum Length of
Shortest Piece, ft

Maximum Permissible
Weight of Ends, % of

Lot Weight

Minimum Length of
Shortest Piece, ft

Maximum Permissible
Weight of Ends, % of

Lot Weight

Minimum Length of
Shortest Piece, ft

Maximum Permissible
Weight of Ends, % of

Lot Weight

6 to 8, incl 4 20 4 25 3 30
8 to 10, incl 6 25 5 30 4 35
10 to 14, incl 7 30 6 35 5 40

TABLE 9 Length Tolerances for Square-Sheared Metal in All
Widths 120 in. (3.05 m) and Under

(Applicable to all specifications listed in 2.2 except B 694)

Length, in.

Length Tolerance,A Plus and Minus, in.

For Thicknesses
Up to 1⁄16 in., incl

For Thicknesses
Over 1⁄16 to 1⁄8 in.,

incl

For Thicknesses
Over 1⁄8 in.

20 and under 1⁄32 3⁄64 1⁄16

Over 20 to 36, incl 3⁄64 3⁄64 1⁄16

Over 36 to 120, incl 1⁄16 1⁄16 1⁄16

AIf tolerances are specified as all plus or all minus, double the values given.

TABLE 10 Length Tolerances for Sawed Metal
(Applicable to all specifications listed in 2.2 except B 694)

NOTE—The following tolerances are all plus; if all minus tolerances are
desired, use the same values; if tolerances are desired plus and minus,
halve the values given.

Width, in. Length Tolerance, in.

Up to 120, incl 1⁄4

TABLE 11 Straightness Tolerances for Slit Metal or Slit Metal
Either Straightened or Edge-Rolled

(Applicable to all specifications listed in 2.2)

Maximum Edgewise Curvature (Depth of Arc) in any 72-in. Portion of the Total
Length

Width, in.

Straightness Tolerance, in.

As Slit Only
As Slit and Either

Straightened or Edge
Rolled

Shipped in Rolls Shipped Flat
Shipped Flat, in

Rolls, or on Bucks

Over 1⁄4 to 3⁄8 , incl 2 11⁄2 1⁄2
Over 3⁄8 to 1⁄2 , incl 11⁄2 1 1⁄2
Over 1⁄2 to 1, incl 1 3⁄4 1⁄2
Over 1 to 2, incl 5⁄8 5⁄8 3⁄8
Over 2 to 4, incl 1⁄2 1⁄2 3⁄8
Over 4 3⁄8 3⁄8 3⁄8

TABLE 12 Straightness Tolerances for Square-Sheared Metal
(Applicable to all specifications listed in 2.2)

(Not applicable to metal over 120 in. in length)

Maximum Edgewise Curvature (Depth of Arc) in any 72-in. Portion of the Total
Length

Thickness, in.

Straightness Tolerances, in.

Up to 10 in., incl, in
Width

Over 10 in., in Width

1⁄8 and under 1⁄16 1⁄32

Over 1⁄8 to 3⁄16 , incl 1⁄8 3⁄64

Over 3⁄16 1⁄8 1⁄16

TABLE 13 Straightness Tolerances for Sawed Metal
(Applicable to all specifications listed in 2.2)

(Not applicable to metal over 144 in. in length)

Maximum Edgewise Curvature (Depth of Arc) in any 72-in. Portion of the Total
Length

Width, in. Straightness Tolerances, in.

3 and under 1⁄16

Over 3 3⁄64

TABLE 14 Tolerances for Radius of Commercially Square
Corners of Rolled or Drawn Edges with Square Corners
(Applicable to all specifications listed in 2.2 except B 694)

Thickness, in.
Permissible Radius of Corners, max,

in.

0.032 to 0.064, incl 0.010
Over 0.064 to 0.188, incl 0.016
Over 0.188 to 1, incl 1⁄32
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10. Test Methods

10.1 The test method used for routine chemical analysis for
specification compliance and preparation of certifications and
test reports, when required, shall be at the discretion of the
reporting laboratory.

10.1.1 Commonly accepted technique for routine chemical
analysis of copper and copper alloys include, but are not
limited to, X-ray fluorescence spectroscopy, atomic absorption
spectrophotometry, argon plasma spectroscopy, and emission
spectroscopy.

10.2 In case of disagreement concerning chemical compo-
sition, an applicable test method for chemical analysis may be
found in Test Methods E 53, E 54, E 62, E 75, E 106, E 118,
E 121, or E 478.

10.2.1 The specific test method(s) to be used will be stated
in the particular product specification.

10.2.2 In case of disagreement concerning sulfur content,
the test method described in the Annex shall be used.

10.3 The following test methods shall be used for determin-
ing the mechanical and physical properties required in the
specifications listed in Section 1:
Tension E 8
Grain size E 112
Rockwell hardness E 18
Electrical resistivity B 193

10.3.1 The testing procedure used for a particular property
is dependent upon alloy, temper, and configuration of the
product. The manufacturer shall have the option of selecting

NOTE—The arc of the rounded corner shall not necessarily be tangent at
points “A,” but the product shall be commercially free from sharp, rough,
or projecting edges.

FIG. 1 Rounded Corners

TABLE 15 Tolerances for Radius on Corners of Rolled or Drawn
Edges with Rounded Corners

(Applicable to all specifications listed in 2.2 except B 694)

Thickness, in.
Radius of Corners, in.

Min Max

Up to 0.125, inclA . . . . . .
Over 0.125 to 0.188, incl 0.016 0.048
Over 0.188 to 1, incl 0.031 0.094
Over 1 to 2, incl 0.063 0.188

ANot available.

NOTE—The arc of the rounded edge shall be substantially symmetrical
with the axis of the product. The corners “A” will usually be sharp but
shall not have rough or projecting edges.

FIG. 2 Rounded Edge

TABLE 16 Tolerances for Radius of Rolled or Drawn Rounded
Edges

(Applicable to all specifications listed in 2.2 except B 694)

Thickness, in.
Radius of EdgesA

Min Max

Up to 0.188, incl 3⁄4 t 13⁄4 t
Over 0.188 1 t 11⁄2 t

AThe t refers to the measured thickness of the test specimen.

NOTE—The arc of the rounded edge shall not necessarily be tangent at
points “A” but shall be substantially symmetrical with the axis of the
product, and the product shall be commercially free from sharp, rough, or
projecting edges.

FIG. 3 Full Rounded Edge

TABLE 17 Tolerances for Radius of Rolled or Drawn Full-
Rounded Edges

(Applicable to all specifications listed in 2.2 except B 694)

Thickness, in.
Radius of EdgesA

Min Max

All thicknesses 1⁄2 t 3⁄4 t
AThe t refers to the thickness of the test specimen.

TABLE 18 Lot Weight Tolerances for Hot-Rolled Sheet and Plate
(Applicable to Specifications B 36/B 36M, B 96/B 96M (Copper Alloy

UNS Nos. C65500 and C65800), B 103/B 103M, B 122/B 122M,
B 152/B 152M, and B 591)

Thickness, in.

Weight Tolerances, Plus and Minus, Percentage of
Theoretical Weight

48 in. and
Under in

Width

Over 48 to
60 in., incl,

in Width

Over 60 to
72 in., incl,

in Width

Over 72 to
90 in., incl,

in Width

Over 90 to
110 in.,
incl, in
Width

1⁄8 and under 8 9.5 11 12.5 14
Over 1⁄8 to 3⁄16 , incl 6.5 8 9.5 11 12.5
Over 3⁄16 to 1⁄4 , incl 6 7.5 8.5 9 10
Over 1⁄4 to 5⁄16 , incl 5.5 7 8 8.5 9
Over 5⁄16 to 3⁄8 , incl 5 6 7 7.5 8
Over 3⁄8 to 7⁄16 , incl 4.5 5 6 7 7.5
Over 7⁄16 to 1⁄2 , incl 4 4.5 5.5 6 6.5
Over 1⁄2 to 5⁄8 , incl 3.5 4.5 5 5.5 6
Over 5⁄8 to 3⁄4 , incl 3 4 4.5 5 5.5
Over 3⁄4 to 1, incl 2.75 3.5 4 4.5 5
Over 1 to 11⁄2 , incl 2.5 3 3.5 4 4.5
Over 11⁄2 to 2, incl 2.25 2.75 3.25 3.75 4.25
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the most representative procedure unless a specific procedure is
specified at the time the contract is placed.

11. Significance of Numerical Limits

11.1 For the purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property Rounded Unit for Observed
or Calculated Value

Chemical composition nearest unit in the last
Hardness right-hand signifi-
Electrical resistivity cant digit used in express-
Electrical conductivity ing the limiting value

Tensile strength nearest ksi (5 MPa)
Yield strength nearest ksi (5 MPa)

Elongation: nearest 1 %

Grain size:
Under 0.060 mm nearest multiple of 0.005 mm
0.060 mm and over nearest 0.01 mm

12. Inspection

12.1 The manufacturer or supplier shall inspect and make
tests necessary to verify that the product furnished conforms to
the requirements specified.

12.2 Source inspection of the material by the purchaser may
be agreed upon between the manufacturer or supplier and the
purchaser as part of the purchase contract. In this case, the
nature of the facilities needed to satisfy the inspector repre-
senting the purchaser that the product is being furnished in
accordance with this specification shall be included in the
agreement. All tests and the inspection shall be conducted so as
not to interfere unnecessarily with the operation of the works.

12.3 The manufacturer or supplier and the purchaser, by
mutual agreement, may accomplish the final inspection simul-
taneously.

13. Rejection and Rehearing

13.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported

to the manufacturer or supplier promptly and in writing. In case
of dissatisfaction with the results of the test, the manufacturer
or supplier may make claim for a rehearing.

14. Certification

14.1 When specified in the purchase order or contract, a
manufacturer’s certificate of compliance shall be furnished to
the purchaser stating that each lot has been sampled, tested, and
inspected in accordance with this specification and that the
requirements have been met.

15. Mill Test Report

15.1 When specified in the purchase order or contract, the
manufacturer or supplier shall furnish to the purchaser a
manufacturer’s test report showing the results of the required
tests.

16. Packaging and Package Marking

16.1 The material shall be separated by size, composition,
and temper and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

16.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, shape, gross and net weight, and name of supplier. The
specification number shall be shown when specified.

16.3 Product Identification—For ASME Boiler and Pres-
sure Vessel Codeapplications, the name or trademark of the
manufacturer and the manufacturer’s lot identification number
shall be legibly stamped or stenciled on each finishing plate
and sheet in two places not less than 12 in. from the edge. If the
plate and sheet are too small to locate the markings as such, the
marking may be placed near the center of the plate and sheet.
In the case of butt straps, the markings may be placed 12 in.
from the end. The plate number and type shall be legibly
stamped on each plate and on each test specimen.

17. Keywords

17.1 general requirements, plate; general requirements,
sheet; general requirements, strip; general requirements, rolled
bar; general requirements, wrought copper and copper alloys

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:11

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standard:11

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:11

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance
S2.1 Responsibility for Inspection:

11 Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094.
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S2.1.1 Unless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery
S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, packed, Level A, B, or C, as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

ANNEX

(Mandatory Information)

A1. TEST METHOD FOR SULFUR BY COMBUSTION AND INFRARED DETECTOR

A1.1 Scope

A1.1.1 This test method covers the determination of sulfur
in electrolytic cathode copper.

A1.1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

A1.2 Summary of Test Method

A1.2.1 The sulfur is converted to sulfur dioxide (SO2) by
combustion in a stream of oxygen and the SO2 is measured by
infrared absorption.

A1.2.2 This test method is written for use with commercial
analyzers equipped to carry out the above operations automati-
cally.

A1.3 Interferences

A1.3.1 The elements ordinarily present do not interfere.

A1.4 Apparatus

A1.4.1 Combustion and Analyzing Instrumentation,capable
of making the required measurements.

A1.5 Reagents and Materials

A1.5.1 Reagents:
A1.5.1.1 Accelerator—Use the accelerator recommended

by the instrument manufacturer which, for copper, should be
sulfur and tin free.

A1.5.1.2 Oxygen—Ultra high purity, 99.95 % min. Other
grades of oxygen may be used if sulfur free, or the oxygen may
be purified as described in Practices E 50.

A1.5.2 Materials:

A1.5.2.1 Crucibles—Use crucibles recommended by the
manufacturer, or equivalent.

A1.5.2.2 Crucible Tongs—Use tongs capable of handling
recommended crucibles.

A1.6 Hazards

A1.6.1 For precautions to be observed in the use of certain
reagents in this test method, refer to Practice E 50.

A1.6.2 Use care when handling hot crucibles and operating
the furnace to avoid burns and electrical shock.

A1.7 Preparation of Apparatus

A1.7.1 Assemble and test the apparatus according to the
manufacturer’s instructions.

A1.8 Sample Preparation

A1.8.1 The sample should be uniform in size but not finer
than 40 mesh.

A1.9 Calibration

A1.9.1 Calibration Reference Materials—Select a mini-
mum of two reference materials with sulfur content near the
mid point and high limit.

A1.9.2 Instrument Calibration—Calibrate according to the
manufacturer’s instructions.

A1.10 Procedure

A1.10.1 Stabilize the furnace and analyzer according to the
manufacturer’s instruction.

A1.10.2 Transfer the weight of sample recommended by the
manufacturer into a crucible and add the same amount of
accelerator used in the calibration. Proceed as directed by the
manufacturer’s instructions.

B 248 – 01e1
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A1.11 Calculation

A1.11.1 Since most commercially available instruments
calculate percent concentrations directly, including corrections
for blank and sample weight, calculations by the analyst are not
required.

A1.11.2 If the analyzer does not compensate for blank and
sample weight values, use the following equation:

Sulfur, %5
~A 2 B! 3 C

D

where:
A = Digital voltmeter (DVM) reading for specimen,

B = DVM reading for blank,
C = weight compensator setting, and
D = specimen weight, g.

A1.12 Precision and Bias

A1.12.1 Precision—The precision of this test method is
dependent upon sample preparation care and preciseness of
calibration.

A1.12.2 Bias—The accuracy of this test method is depen-
dent to a large extent upon the accuracy of the methods used to
determine the sulfur concentration in the calibration standards
as well as their homogeneity.

APPENDIXES

(Nonmandatory Information)

X1. PREFERRED THICKNESSES FOR UNCOATED WROUGHT COPPER AND COPPER ALLOY PLATE, SHEET, STRIP
AND ROLLED BAR, UNDER 0.250 IN.

X1.1 It is recommended that wherever possible material
purchased to these specifications be ordered in thicknesses
listed as follows:

in. in. in. in.

0.004 0.014 0.040 0.112
0.005 0.016 0.045 0.125
0.006 0.018 0.050 0.140
0.007 0.020 0.056 0.160
0.008 0.022 0.063 0.180
0.009 0.025 0.071 0.200
0.010 0.028 0.080 0.224
0.011 0.032 0.090
0.012 0.036 0.100

X2. STANDARD DENSITIES

X2.1 For purposes of calculating weights, cross sections,
and so forth, the densities of the copper alloys covered by the
specifications listed in the Scope Section shall be taken as
follows:

ASTM Designation Material Copper Alloy UNS No. Density, lb/in.3

B 36/B 36M copper-zinc alloy (brass) C21000 0.320
C22000 0.318
C23000 0.316
C24000 0.313
C26000 0.308
C26800 0.306
C27200 0.305

B 96/B 96M copper-silicon alloy C65100 0.316
C65500 0.308
C65800 0.308

B 103/B 103M copper-tin alloy (phosphor bronze) C51000 0.320
C51100 0.320
C52100 0.318
C52400 0.317
C53200 0.323
C53400 0.322

B 248 – 01e1
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C54400 0.320
B 121/B 121M copper-zinc-lead alloy (leaded brass) C33500 0.306

C34000 0.306
C34200 0.307
C35000 0.305
C35300 0.306
C35340 0.306
C35600 0.307

B 122/B 122M copper-nickel-zinc alloy (nickel silver and
copper-

nickel alloy)

C70600 0.323

C71000 0.323
C71500 0.323
C72200 0.323
C72500 0.321
C73500 0.319
C74000 0.314
C74500 0.313
C75200 0.316
C76200 0.310
C77000 0.314

B 152/B 152M Copper UNS Nos.
C10100, C10200, C10300, C10400,

C10500,
C10700, C10800, C12000, C12200,

C12300,
. . . 0.323

C14530, C11000, C11300, C11400,
C11600,

C12500, C14200

. . . 0.322

B 169/B 169M copper-aluminum alloy (aluminum
bronze)

C60600 0.295

C61000 0.281
C61300 0.285
C61400 0.285

B 194 copper-beryllium alloy C17000 0.297
C17200 0.297

B 291 copper-zinc-manganese alloy C66700 0.308
B 422 copper-nickel-silicon C63800 0.299

C70250 0.318
C70260 0.320
C72400 0.311

B 465 copper-iron alloy C19200 0.320
C19400 0.322
C19500 0.322
C19600 0.320
C19700 0.319

B 534 copper-cobalt-beryllium alloy C17500 0.316
copper-nickel-beryllium alloy C17510 0.317

B 591 copper-zinc-tin alloys C40500 0.319
C40800 0.320
C41100 0.318
C41300 0.318
C41500 0.318
C42200 0.318
C42500 0.316
C43000 0.316
C43400 0.316

B 592 copper-zinc-aluminum-cobalt alloy C68800 0.296
copper-aluminum-nickel alloy C69000 0.296

B 740 copper-nickel-tin alloys C72700 0.321
C72900 0.323
C72650 0.320
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SUMMARY OF CHANGES

This section identifies the principal changes to this specification that have been incorporated since the 1998
issue as follows.

(1) Table 1—Section 11 was revised.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

B 248 – 01e1

12



Designation: B 248M – 01 e1

METRIC

Standard Specification for
General Requirements for Wrought Copper and Copper-
Alloy Plate, Sheet, Strip, and Rolled Bar [Metric] 1

This standard is issued under the fixed designation B 248M; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

e1 NOTE—Referenced Documents were corrected editorially in November 2003.

1. Scope

1.1 This specification covers a group of general require-
ments common to several wrought product specifications.
Unless otherwise specified in the purchase order or in an
individual specification, these general requirements shall apply
to copper and copper-alloy plate, sheet, strip, and rolled bar
supplied under each of the following product specifications
issued by ASTM: B 36/B 36M, B 96/B 96M, B 103/B 103M,
B 121/B 121M, B 122/B 122M, B 152/B 152M, B 169/
B 169M, B 194, B 291, B 422, B 465, B 534, B 591, B 592,
B 694, B 740, B 747, and B 768.2

NOTE 1—A complete metric companion to Specification B 248 has
been developed—B 248M; therefore no metric equivalents are presented
in this specification.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 36/B 36M Specification for Brass Plate, Sheet, Strip, and

Rolled Bar3

B 96/B 96M Specification for Copper-Silicon Alloy Plate,
Sheet, Strip, and Rolled Bar for General Purposes and
Pressure Vessels3

B 103/B 103M Specification for Phosphor Bronze Plate,
Sheet, Strip, and Rolled Bar3

B 121/B 121M Specification for Leaded Brass Plate, Sheet,

Strip, and Rolled Bar3

B 122/B 122M Specification for Copper-Nickel-Tin Alloy,
Copper-Nickel-Zinc Alloy (Nickel Silver), and Copper-
Nickel Alloy Plate, Sheet, Strip, and Rolled Bar3

B 152/B 152M Specification for Copper Sheet, Strip, Plate,
and Rolled Bar3

B 169/B 169M Specification for Aluminum Bronze Sheet,
Strip, and Rolled Bar3

B 193 Test Method for Resistivity of Electrical Conductor
Materials4

B 194 Specification for Copper-Beryllium Alloy Plate,
Sheet, Strip, and Rolled Bar3

B 291 Specification for Copper-Zinc-Manganese Alloy
(Manganese Brass) Sheet and Strip5

B 422 Specification for Copper-Aluminum-Silicon-Cobalt
Alloy, Copper-Nickel-Silicon-Magnesium Alloy, Copper-
Nickel-Silicon Alloy, Copper-Nickel-Aluminum-
Magnesium Alloy, and Copper-Nickel-Tin Alloy Sheet and
Strip3

B 465 Specification for Copper-Iron Alloy Plate, Sheet,
Strip, and Rolled Bar3

B 534 Specification for Copper-Cobalt-Beryllium Alloy and
Copper-Nickel-Beryllium Alloy Plate, Sheet, Strip, and
Rolled Bar3

B 591 Specification for Copper-Zinc-Tin and Copper-Zinc-
Tin-Iron-Nickel Alloys Plate, Sheet, Strip, and Rolled Bar3

B 592 Specification for Copper-Zinc-Aluminum-Cobalt Al-
loy, Copper-Zinc-Tin-Iron Alloy Plate, Sheet, Strip, and
Rolled Bar3

B 694 Specification for Copper, Copper-Alloy, and Copper-
Clad Stainless Steel (CCS) and Copper-Clad Alloy Steel
(CAS) Sheet and Strip for Electrical Cable Shielding3

B 740 Specification for Copper-Nickel-Tin Spinodal Alloy
Strip3

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys, and is the direct responsibility of Subcommittee B05.01 on
Plate, Sheet, and Strip.

Current edition approved May 10, 2001. Published September 2001. Originally
published as B 248M – 80. Last previous edition B 248M – 96.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00”. The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards,Vol 02.01.

4 Annual Book of ASTM Standards,Vol 02.03.
5 Discontinued. See 1992Annual Book of ASTM Standards,Vol 03.05.
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B 747 Specification for Copper-Zirconium Alloy Sheet and
Strip3

B 768 Specification for Copper-Cobalt-Beryllium Alloy and
Copper-Nickel-Beryllium Alloy Strip and Sheet3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials6

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials6

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications7

E 50 Practices for Apparatus, Reagents, and Safety Consid-
erations for Chemical Analysis of Metals, Ores, and
Related Materials8

E 53 Test Method for Determination of Copper in Unal-
loyed Copper by Gravimetry8

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes8

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Method)8

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys8

E 106 Test Methods for Chemical Analysis of Copper-
Beryllium Alloys8

E 112 Test Methods for Determining the Average Grain
Size6

E 118 Test Methods for Chemical Analysis of Copper-
Chromium Alloys8

E 121 Test Methods for Chemical Analysis of Copper-
Tellurium Alloys8

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition8

E 478 Test Methods for Chemical Analysis of Copper
Alloys9

E 527 Practice for Numbering Metals and Alloys (UNS)10

3. Terminology

3.1 Definitions:
3.1.1 blank—a piece of flat product intended for subsequent

fabrication by forming, bending, cupping, drawing, or hot
pressing, and so forth.

3.1.2 coil—a length of the product wound into a series of
connected turns. The unqualified term “coil” as applied to “flat
product” usually refers to a coil in which the product is spirally
wound, with the successive layers on top of one another.
(Sometimes called a “roll”.)

3.1.2.1 level or traverse wound—a coil in which the turns
are positioned into layers parallel to the axis of the coil such
that successive turns in a given layer are next to one another.

3.1.2.2 level or traverse wound on a reel or spool—a coil in
which the turns are positioned into layers on a reel or spool
parallel to the axis of the reel or spool such that successive
turns in a given layer are next to one another.

3.1.3 lengths—straight pieces of the product.

3.1.3.1 ends—straight pieces, shorter than the nominal
length, left over after cutting the product into mill lengths,
stock lengths, or specific lengths. They are subject to minimum
length and maximum weight requirements.

3.1.3.2 mill—straight lengths, including ends, that can be
conveniently manufactured in the mills. Full length pieces are
usually 2400, 3000, or 3600 mm and subject to established
length tolerances.

3.1.3.3 multiple—straight lengths of integral multiples of a
base length, with suitable allowance for cutting if and as
specified.

3.1.3.4 specific—straight lengths that are uniform in length,
as specified, and subject to established length tolerances.

3.1.3.5 specific with ends—specific lengths, including ends.
3.1.3.6 stock—straight lengths that are mill cut and stored in

advance of orders. They are usually 2400, 3000, or 3600 mm
and subject to established length tolerances.

3.1.3.7 stock with ends—stock lengths, including ends.
3.1.4 plate—a wrought flat product over 5 mm thick and

over 300 mm wide in straight lengths or coils (rolls).
3.1.5 reel or spool—a cylindrical device that has a rim at

each end and an axial hole for a shaft or spindle, and on which
the product is wound to facilitate handling and shipping.

3.1.6 rolled bar—a rolled flat product over 5 mm thick and
up to and including 300 mm wide, with sheared, sawed, or
machined edges, in straight lengths or coils (rolls).

3.1.7 sheet—a rolled flat product up to and including 5 mm
thick and over 600 mm wide in straight lengths or coils (rolls).

3.1.8 strip—a rolled flat product other than flat wire up to
and including 5 mm thick in straight lengths, coils (rolls), or
traverse wound on reels or spools:

3.1.8.1 with slit or sheared edges in widths up to 600 mm
inclusive, and

3.1.8.2 with finished drawn or rolled edges, in widths over
30 to 300 mm inclusive.

4. Materials and Manufacture

4.1 Materials—The material shall be of such quality and
purity that the finished product shall have the properties and
characteristics prescribed in the applicable product specifica-
tion listed in Section 1.

4.2 Manufacture—The material shall be produced by either
hot- or cold-working operations. It shall be finished, unless
otherwise specified, by such hot working, cold working,
annealing, or heat treatment as may be necessary to meet the
properties specified.

4.3 Edges—The edges shall be slit, shared, sawed, or rolled
edges, as specified. Slit edges shall be furnished unless
otherwise specified or agreed between the purchaser and
supplier or manufacturer. See 5.6 for edge descriptions and
tolerances.

5. Dimensions, Mass, and Permissible Variations

5.1 General—For the purpose of determining conformance
with the dimensional requirements prescribed in this specifi-
cation, any measured value outside the specified limiting
values for any dimension may be cause for rejection.

NOTE 2—Blank spaces in the tolerance tables indicate either that the

6 Annual Book of ASTM Standards,Vol 03.01.
7 Annual Book of ASTM Standards,Vol 14.02.
8 Annual Book of ASTM Standards,Vol 03.05.
9 Annual Book of ASTM Standards,Vol 03.06.
10 Annual Book of ASTM Standards,Vol 01.01.
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material is not available or that no tolerances have been established.

5.2 Thickness—The standard method of specifying thick-
ness shall be in decimal fractions of a millimetre. For material
0.50 mm and under in thickness, it is recommended that the
nominal thicknesses be stated not closer than the nearest 0.01
mm. A list of preferred thicknesses is shown in Appendix X1.
The thickness tolerances shall be those shown in Table 1, Table
2, and Table 3 for the product specification indicated:

5.2.1 Table 1—Thickness tolerances applicable to Specifi-
cations B 36/B 36M, B 121/B 121M, B 152/B 152M, B 291,
B 465, B 591 (Copper Alloy UNS No. C41100), B 592, and
B 747.

5.2.2 Table 2—Thickness tolerances applicable to Specifi-
cations B 96/B 96M, B 103/B 103M, B 122/B 122M, B 169/
B 169M, B 194, B 422, B 534, B 591, B 740, and B 768
(except Copper Alloy UNS No. C41100).

5.2.3 Table 3—Special thickness tolerances applicable to
Copper Alloy UNS No. C72500 when ordered to Specification
B 122/B 122M, and to Specifications B 194, B 534, B 740, and
B 768 as noted in the table.

5.3 Width—The width tolerances shall be those shown in
Table 4, Table 5, and Table 6, depending on the type of edge
required (see 5.3.1, 5.3.2, and 5.3.3):

5.3.1 Table 4—Width tolerances for slit metal and slit metal
with rolled edges.

5.3.2 Table 5—Width tolerances for square-sheared metal.
5.3.3 Table 6—Width tolerances for sawed metal.
5.4 Length—The material shall be furnished in coils or

straight lengths of plate, sheet, strip, or rolled bar as specified.
The length tolerances for straight lengths shall be those shown
in Table 7, Table 8, or Table 9, depending on the method of
cutting required (see 5.4.1, 5.4.2, and 5.4.3). When ends are

permitted, the length and quantity of the ends shall be in
accordance with the schedule in Table 8.

5.4.1 Table 7—Length tolerances for straight lengths.
5.4.2 Table 8—Schedule of minimum length and maximum

weight of ends for lengths with ends.
5.4.3 Table 9—Length tolerances for square-sheared metal.
5.4.4 Table 10—Length tolerances for sawed metal.
5.5 Straightness—The straightness tolerances which are the

maximum edgewise curvature (depth of arc) in any 1800-mm
portion of the total length, shall be those shown in Table 11,
Table 12, and Table 13 depending on the type of edge required.

5.5.1 Table 11—Straightness tolerances for metal as slit, or
as slit and straightened, or as slit and edge-rolled, or metal with
drawn edges.

5.5.2 Table 12—Straightness tolerances for square-sheared
metal.

5.5.3 Table 13—Straightness tolerances for sawed metal.
5.6 Edges—When rolled edges are required, they may be

produced by either rolling or drawing to one of the following
specified edge contours:

5.6.1 Square Edges (Square Corners)—Edges shall have
commercially square corners with a permissible maximum
radius as prescribed in Table 14.

5.6.2 Rounded Corners—Edges shall have rounded corners
as shown in Fig. 1 with a radius as prescribed in Table 15.

5.6.3 Rounded Edges—Edges shall be rounded as shown in
Fig. 2 with a radius as prescribed in Table 16.

5.6.4 Full-Rounded Edges—Edges shall be full-rounded as
shown in Fig. 3 with a radius as prescribed in Table 17.

5.7 Weight Tolerances for Hot-Rolled Material:

TABLE 1 Thickness Tolerances
(Applicable to Specifications B 36/B 36M, B 121/B 121M, B 152/B 152M, B 291, B 465, B 591 (Copper Alloy UNS No. C41100), B 592, and

B 747)

Thickness, mm Thickness Tolerances, Plus and Minus, mm

Over Through

Strip Sheet

Up to 200
mm, incl, in

Width

Over 200
mm to 300
mm, incl, in

Width

Over 300
mm to 600
mm, incl, in

Width

Over 600
mm to 700
mm, incl, in

Width

Over 700
mm to 900
mm, incl, in

Width

Over 900
mm to 1200
mm, incl, in

Width

Over 1200
mm to 1600
mm, incl, in

Width

0.10 0.007 0.015 ... ... ... ... ...
0.10 0.20 0.01 0.02 0.03 ... ... ... ...
0.20 0.30 0.015 0.025 0.035 ... ... ... ...
0.30 0.40 0.02 0.03 0.045 0.06 0.08 0.09 0.10
0.40 0.50 0.025 0.035 0.05 0.06 0.08 0.09 0.11
0.50 0.60 0.03 0.04 0.05 0.08 0.09 0.10 0.12
0.60 0.70 0.035 0.05 0.06 0.08 0.09 0.10 0.12
0.70 1.0 0.045 0.05 0.06 0.09 0.10 0.12 0.15
1.0 1.3 0.05 0.06 0.07 0.10 0.12 0.15 0.17
1.3 2.0 0.06 0.07 0.08 0.12 0.15 0.17 0.20
2.0 3.5 0.07 0.08 0.10 0.15 0.17 0.20 0.25
3.5 5.0 0.08 0.10 0.11 .17 0.20 0.25 0.30

Rolled Bar Plate

5.0 8.0 0.10 0.11 0.12 0.22 0.25 0.30 0.35
8.0 13.0 0.11 0.12 0.15 0.30 0.35 0.40 0.45

13.0 20.0 0.13 0.17 0.22 0.40 0.45 0.50 0.60
20.0 30.0 0.17 0.22 0.27 0.45 0.55 0.60 0.75
30.0 40.0 0.55 0.55 0.55 0.55 0.65 0.75 0.90
40.0 60.0 0.65 0.65 0.65 0.65 0.75 0.90 1.1
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5.7.1 Table 18—Lot weight tolerances for hot-rolled sheet
and plate applicable to Specifications B 96/B 96M (Copper
Alloy UNS Nos. C65500 and C65800) and B 152/B 152M.

5.7.2 The weight of each lot of five or more plates or sheets
of the same type and the same specified dimensions, when
ordered to thickness, shall not vary from the theoretical by
more than the amount prescribed in Table 18 for the product
specification indicated. The weight of any individual plate or
sheet may vary from the nominal by not more than one third in
excess of the tolerances prescribed in Table 18 for the product
specification indicated. The tolerances for lots of less than five
plates or sheets shall be governed by the tolerances for
individual plates or sheets.

5.7.3 For the purpose of calculation, the densities of the
materials covered by these specifications are listed in Appendix
X2.

6. Workmanship, Finish, and Appearance

6.1 The material shall be free of defects, but blemishes of a
nature that do not interfere with normal commercial operations
are acceptable. It shall be well cleaned and free of dirt. A
superficial film of residual light lubricant is normally present
and is acceptable unless otherwise specified.

6.2 The surface finish and appearance shall be the normal
commercial quality for the alloy, thickness, and temper or-
dered. When application information is provided with purchase
order, the surface shall be that commercially producible for the
application. Superficial films of discoloration, or lubricants, or
tarnish inhibitors are permissible unless otherwise specified.

7. Sampling

7.1 Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:

7.1.1 Lot Size—An inspection lot shall be 5000 kg or less
material of the same mill form, alloy, temper and nominal
dimensions, subject to inspection at one time, or shall be the
product of one cast bar from a single melt charge, whose
weight shall not exceed 12 000 kg that has been continuously
processed and subject to inspection at one time.

7.1.2 Portion Size—A portion shall be four or more pieces
selected to be representative of each lot. If the lot consists of
less than four pieces, representative samples shall be taken
from each piece.

7.1.2.1 Chemical Analysis—A sample for chemical analysis
shall be taken in accordance with Practice E 255 for product in

TABLE 2 Thickness Tolerances
(Applicable to Specifications B 96/B 96M, B 103/B 103M, B 122/B 122M, B 169/B 169M, B 194, B 422, B 534, B 591, B 740 (except Copper Alloy

UNS No. C41100), and B 768)

Thickness, mm Thickness Tolerances, Plus and Minus, mm

Over Through

Strip Sheet

Up to 200
mm, incl, in

Width

Over 200
mm to 300
mm, incl, in

Width

Over 300
mm to 600
mm, incl, in

Width

Over 600
mm to 700
mm, incl, in

Width

Over 700
mm to 900
mm, incl, in

Width

Over 900
mm to 1200
mm, incl, in

Width

Over 1200
mm to 1600
mm, incl, in

Width

0.10 0.01 0.02 ... ... ... ... ...
0.10 0.20 0.015 0.025 0.035 ... ... ... ...
0.20 0.30 0.02 0.03 0.05 ... ... ... ...
0.30 0.40 0.025 0.035 0.06 ... ... ... ...
0.40 0.50 0.03 0.05 0.06 ... ... ... ...
0.50 0.60 0.035 0.06 0.07 ... ... ... ...
0.60 0.70 0.05 0.06 0.07 0.10 0.13 0.15 0.18
0.70 1.0 0.06 0.07 0.08 0.13 0.15 0.18 0.20
1.0 1.3 0.07 0.08 0.10 0.15 0.18 0.20 0.25
1.3 2.0 0.08 0.10 0.11 0.18 0.20 0.25 0.30
2.0 3.5 0.10 0.11 0.12 0.20 0.25 0.30 0.35
3.5 5.0 0.11 0.13 0.15 0.25 0.30 0.35 0.40

Rolled Bar Plate

5.0 8.0 0.13 0.15 0.18 0.30 0.35 0.40 0.45
8.0 13.0 0.15 0.18 0.20 0.40 0.45 0.50 0.60

13.0 20.0 0.20 0.25 0.30 0.50 0.55 0.60 0.75
20.0 30.0 0.30 0.40 0.50 0.60 0.65 0.75 0.95
30.0 40.0 0.70 0.70 0.70 0.70 0.80 0.95 1.2
40.0 60.0 0.85 0.85 0.85 0.85 0.95 1.1 1.4

TABLE 3 Special Thickness Tolerances

Thickness, mm

Tolerances Applic-
able to Copper Alloy
UNS No. C72500,

Specifications
B 122/B 122M and
B 740 Tolerances,

Plus and
Minus,A mm for

Strip 200 mm and
Under in Width

Tolerances Applica-
ble to Specifications
B 194, B 534, and

B 768 Tolerances, Plus
and Minus,A mm
for Strip 100 mm

and Under in
Width

0.10 and under 0.005 0.005
Over 0.10 to 0.16, incl 0.008 0.008
Over 0.016 to 0.22, incl 0.010 0.013
Over 0.22 to 0.35, incl 0.013 0.015
Over 0.35 to 0.45, incl 0.018 0.018
Over 0.45 to 0.55, incl 0.020 0.020
Over 0.55 to 0.60, incl 0.025 0.025
Over 0.65 to 0.80, incl 0.033 0.025
Over 0.80 to 1.2, incl 0.038 ...

AIf tolerances are specified as all plus or all minus, double the values given.
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its final form. Unless required otherwise by the purchaser at the
time the order is placed, the manufacturer shall have the option
of determining conformance to chemical composition by
analyzing samples taken at the time the castings are poured or
samples taken from the semifinished product, if heat identity
can be maintained throughout all operations. If the manufac-
turer determined the chemical composition of the material
during the course of manufacture, he shall not be required to
sample and analyze the finished product. The minimum weight
of the composite sample in accordance with Practice E 255
shall be as follows:

ASTM Designation Weight of
Sample,
min, g

B 36/B 36M, B 96/B 96M, B 121/B 121M,
B 122/B 122M, B 152/B 152M, B 169/B 169M, B 194,
B 291, B 422, B 465, B 534, B 591, B 592, and
B 740

150

B 103/B 103M 225

7.1.2.2 Samples for All Other Tests—Samples for all other
tests shall be taken from the sample portion in 7.1.2 and be of
a convenient size to accommodate the test and comply with the
requirements of the appropriate ASTM standard and test
methods.

8. Number of Tests and Retests

8.1 Chemical Requirements:
8.1.1 When samples are taken at the time the castings are

poured, at least one sample shall be analyzed for each group of
castings poured simultaneously from the same source of
molten metal.

8.1.2 When samples are taken from the semifinished or
finished product, at least one sample representative of the
product of each cast bar from a single melt charge continuously
processed with heat identity maintained shall be analyzed.

8.1.3 When samples are taken from the semifinished or
finished product and heat identity has not been maintained, a
single sample representative of each 5000-kg lot, or fraction
thereof, shall be analyzed. When the product piece is greater
than 5000 kg, one sample to be representative of the product
piece shall be analyzed.

8.2 Mechanical and Electrical Requirements and Grain
Size—Unless otherwise provided in the product specification,
test specimens shall be taken from two of the sample pieces
selected in accordance with 7.1.2. The required tests shall be
made on each of the specimens so selected. In the case of
copper alloy Specifications B 194, B 534, and B 740 two
specimens shall be taken from each of two sample pieces
selected in accordance with 7.1.2. One specimen from each
sample piece shall be tested without further treatment, and the
other two specimens shall be tested after precipitation harden-
ing. In the case of the requirements in Table 4, Mill Hardened
Tempers, in Specifications B 194 and B 740, only two speci-
mens need to be taken and tested, because the product is in the
precipitation hardened temper as supplied. The reported value
shall be the arithmetic average of the readings. In the case of
hardness, three readings shall be taken and averaged for each
sample.

8.3 Retests:

TABLE 4 Width Tolerances for Slit Metal and Slit Metal with Rolled Edges
(Applicable to all specifications listed in 2.2)

Width, mm

Width Tolerances,A Plus and Minus, mm

For Thicknesses
0.102 to 0.80 mm, incl

For Thicknesses
Over 0.80 to 3.2 mm, incl

For Thicknesses
Over 3.2 to 5.0 mm, incl

For Thicknesses
Over 5.0 to 12.0 mm, incl

50.8 and under 0.13 0.25 0.30 0.38
Over 50.8 to 200, incl 0.20 0.33 0.38 0.38
Over 200 to 600, incl 0.40 0.40 0.40 0.79
Over 600 to 1020, incl 0.79 0.79 0.79 1.19

AIf tolerances are specified as all plus or all minus, double the values given.

TABLE 5 Width Tolerances for Square-Sheared Metal
(Applicable to all specifications listed in 2.2)

NOTE 1—All lengths up to 3.05 m, inclusive.

Width, mm

Width Tolerances,A Plus and Minus, mm
1.59 mm

and Under
in Thick-

ness

Over 1.5 mm
to 3.5 mm,

incl, in
Thickness

Over 3.5
mm in

Thickness

500 and under 0.79 1.2 1.6
Over 500 to 900, incl 1.2 1.2 1.6
Over 900 to 3000, incl 1.6 1.6 1.6

AIf tolerances are specified as all plus or all minus, double the values given.

TABLE 6 Width Tolerances for Sawed Metal
(Applicable to all specifications listed in 2.2)

Width, mm

Width Tolerances,A Plus and Minus, mm
For Lengths Up to

3000 mm, incl
For Length Over

3000 mm
For Thick-
nesses Up
to 38 mm,

incl

For Thick-
nesses Over

38.1 mm

All Thick-
nesses

Up to 300, incl 0.79 1.6 1.6
Over 300 to 3000, incl 1.6 1.6 1.6

AIf tolerances are specified as all plus or all minus, double the values given.

TABLE 7 Length Tolerances for Straight Lengths
(Applicable to all specifications listed in 2.2 except B 694)

NOTE 1—The following length tolerances are all plus: if all minus
tolerances are desired, use the same values; if tolerances are desired plus
and minus, halve the values given.

Length, mm
Length Toler-
ances, mm

Specific lengths, mill lengths, multiple lengths, and specific
lengths with ends

3000 and under 6.4
Over 3000 to 6000, incl 13

Stock lengths and stock lengths with ends 25A

AAs stock lengths are cut and placed in stock in advance of orders, departure
from this tolerance is not practicable.
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8.3.1 If the chemical analysis of the specimens prepared
from samples selected in accordance with 7.1.2 fails to
conform to the specified limits, analysis shall be made on a
new composite sample prepared from the pieces selected in
accordance with 7.1.2.

8.3.2 If one of the two tests made to determine any of the
mechanical or physical properties fails to meet a specified
limit, this test shall be repeated on the remaining pieces,

maximum of two, selected in accordance with 7.1.2 and the
results of both of these tests shall comply with the specified
requirements.

8.3.3 If any test specimen shows defective machining or
develops flaws, it may be discarded and another specimen
substituted.

8.3.4 If the percent elongation of any tension test specimen
is less than that specified and any part of the fracture is outside
the middle two thirds of the gage length or in a punched or
scribed mark within the reduced section, a retest shall be
allowed.

8.3.5 If a bend test specimen fails, due to conditions of
bending more severe than required by the specification, a retest
shall be permitted, either on a duplicate specimen or on a
remaining portion of the failed specimen.

8.3.6 After removal of defective specimens and correction
of test methods, only one retest cycle is permitted. If after the

TABLE 8 Schedule of Minimum Length and Maximum Weight of Ends for Mill Lengths, Specific Lengths with Ends,
and Stock Lengths with Ends

(Applicable to all specifications listed in 2.2 except B 694)

1.3 mm and Under in
Thickness

Over 1.3 to 3.2 mm, incl, in
Thickness

Over 3.2 to 6.5 mm, incl, in
Thickness

Nominal Minimum Maximum Minimum Maximum Minimum Maximum
Length, mm Length of Permissible Length of Permissible Length of Permissible

Shortest Weight of Shortest Weight of Shortest Weight of
Piece, mm Ends, % of Piece, mm Ends, % of Piece, mm Ends, % of

Lot Weight Lot Weight Lot Weight

1800 to 2400, incl 1200 20 1200 25 900 30
2400 to 3000, incl 1800 25 1500 30 1200 35
3000 to 4300, incl 2000 30 1800 35 1500 40

TABLE 9 Length Tolerances for Square-Sheared Metal in All
Widths 3000 mm and Under

(Applicable to all specifications listed in 2.2 except B 694)

Length, mm

Length Tolerance,A Plus and Minus, mm
For Thick-
nesses Up
to 1.6 mm,

incl

For Thick-
nesses Over

1.6 to 3.2
mm, incl

For Thick-
nesses Over

3.2mm

508 and under 0.8 1.2 1.6
Over 508 to 914, incl 1.2 1.2 1.6
Over 914 to 3048, incl 1.6 1.6 1.6

AIf tolerances are specified as all plus or all minus, double the values given.

TABLE 10 Length Tolerances for Sawed Metal
(Applicable to all specifications listed in 2.2 except B 694)

NOTE 1—The following tolerances are all plus; if all minus tolerances
are desired, use the same values; if tolerances are desired plus and minus,
halve the values given.

Width, mm Length Tolerance, mm
Up to 3000, incl 64

TABLE 11 Straightness Tolerances for Slit Metal or Slit Metal
Either Straightened or Edge-Rolled

(Applicable to all specifications listed in 2.2)

Maximum Edgewise Curvature (Depth of Arc) in any 1800-mm Portion of the
Total Length

Width, mm

Straightness Tolerance, mm

As Slit Only
As Slit and Either

Straightened
or Edge Rolled

Shipped in
Rolls

Shipped
Flat

Shipped Flat,
in Rolls, or on

Bucks

Over 6 to 10, incl 51 38 13
Over 10 to 12, incl 38 25 13
Over 12 to 25, incl 25 19 13
Over 25 to 50, incl 16 16 9.5
Over 50 to 100, incl 13 13 9.5
Over 100 9.5 9.5 9.5

TABLE 12 Straightness Tolerances for Square-Sheared Metal
(Applicable to all specifications listed in 2.2)

(Not applicable to metal over 3000 mm in length)

Maximum Edgewise Curvature (Depth of Arc) in any
1800-mm Portion of the Total Length

Thickness, mm

Straightness Tolerances, mm
Up to 250

mm, incl, in
Width

Over 250
mm in
Width

3.2 and under 1.6 0.79
Over 3.2 to 5.0, incl 3.2 1.2
Over 5.0 3.2 1.6

TABLE 13 Straightness Tolerances for Sawed Metal
(Applicable to all specifications listed in 2.2)

(Not applicable to metal over 3600 mm in length)

Maximum Edgewise Curvature (Depth of Arc) in Any
2000-mm Portion of the Total Length

Width, mm Straightness Tolerances, mm
80 and under 1.6
Over 80 1.2

TABLE 14 Tolerances for Radius of Commercially Square
Corners of Rolled or Drawn Edges with Square Corners
(Applicable to all specifications listed in 2.2 except B 694)

Thickness, mm
Permissible Radius of

Corners, max, mm

0.8 to 1.6, incl 0.25
Over 1.6 to 4.8, incl 0.40
Over 4.8 to 25, incl 0.8
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retest the material fails to meet the requirements of this
specification, it shall be rejected.

9. Specimen Preparation

9.1 Chemical Analysis—A composite sample of the semi-
finished or finished product shall be prepared in accordance
with Practice E 255 or as described in 7.1.2.1.

9.2 Specimens shall be prepared in accordance with the
method prescribed in 10.3 for all other tests. Full cross section
specimens shall be used whenever possible. Samples shall be
representative of the condition of the material, and particular
specimen preparation techniques shall be stated in the specific
product specification.

10. Test Methods

10.1 The test method used for routine chemical analysis for
specification compliance and preparation of certifications and
test reports, when required, shall be at the discretion of the
reporting laboratory.

10.1.1 Commonly accepted technique for routine chemical
analysis of copper and copper alloys include, but are not
limited to, X-ray fluorescence spectroscopy, atomic absorption
spectrophotometry, argon plasma spectroscopy, and emission
spectroscopy.

10.2 In case of disagreement concerning chemical compo-
sition, an applicable test method for chemical analysis may be
found in Test Methods E 53, or Test Methods E 54, E 62, E 75,
E 106, E 118, E 121, or E 478.

10.2.1 The specific test method(s) to be used shall be stated
in the particular product specification.

10.2.2 In case of disagreement concerning sulfur content,
the test method described in the Annex shall be used.

10.3 The following test methods shall be used for determin-
ing the mechanical and physical properties required in the
specifications listed in Section 1:

Tension E 8M
Grain size E 112
Rockwell hardness E 18
Electrical resistivity B 193

10.3.1 The testing procedure used for a particular property
is dependent upon alloy, temper, and configuration of the
product. The manufacturer shall have the option of selecting
the most representative procedure unless a specific procedure is
specified at the time the contract is placed.

11. Significance of Numerical Limits

11.1 For the purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

NOTE 1—The arc of the rounded corner shall not necessarily be tangent
at points “A,” but the product shall be commercially free from sharp,
rough, or projecting edges.

FIG. 1 Rounded Corners

TABLE 15 Tolerances for Radius on Corners of Rolled or Drawn
Edges with Rounded Corners

(Applicable to all specifications listed in 2.2 except B 694)

Thickness, mm
Radius of Corners, mm

Min Max

Up to 3.2, inclA ... ...
Over 3.2 to 4.8, incl 0.40 1.2
Over 4.8 to 25, incl 0.80 2.4
Over 25 to 50, incl 1.6 4.8

ANot available.

NOTE 1—The arc of the rounded edge shall be substantially symmetri-
cal with the axis of the product. The corners “A” will usually be sharp but
shall not have rough or projecting edges.

FIG. 2 Rounded Edge

TABLE 16 Tolerances for Radius of Rolled or Drawn
Rounded Edges

(Applicable to all specifications listed in 2.2 except B 694)

Thickness, mm
Radius of EdgesA

Min Max
Up to 4.78, incl 1⁄4 t 13⁄4 t
Over 4.78 1 t 11⁄2 t

AThe t refers to the measured thickness of the test specimen.

NOTE 1—The arc of the rounded edge shall not necessarily be tangent
at points “A” but shall be substantially symmetrical with the axis of the
product, and the product shall be commercially free from sharp, rough, or
projecting edges.

FIG. 3 Full Rounded Edge

TABLE 17 Tolerances for Radius of Rolled or Drawn Full-
Rounded Edges

(Applicable in all specifications listed in 2.2)

Thickness, mm
Radius of EdgesA

Min Max
All thicknesses 1⁄2 t 3⁄4 t
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Property
Rounded Unit for Observed or

Calculated Value

Chemical composition nearest unit in the last
Hardness righthand significant digit
Electrical resistivity used in expressing
Electrical conductivity the limiting value

Tensile strength nearest 5 MPa
Yield strength nearest 5 MPa

Elongation: nearest 1 %

Grain size:
Under 0.060 mm nearest multiple of 0.005 mm
0.060 mm and over nearest 0.01 mm

12. Inspection

12.1 The manufacturer or supplier shall inspect and make
tests necessary to verify that the product furnished conforms to
the requirements specified.

12.2 Source inspection of the material by the purchaser may
be agreed upon between the manufacturer or supplier and the
purchaser as part of the purchase contract. In this case, the
nature of the facilities needed to satisfy the inspector repre-
senting the purchaser that the product is being furnished in
accordance with this specification shall be included in the
agreement. All tests and the inspection shall be conducted so as
not to interfere unnecessarily with the operation of the works.

12.3 The manufacturer or supplier and the purchaser, by
mutual agreement, may accomplish the final inspection simul-
taneously.

13. Rejection and Rehearing

13.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the manufacturer or supplier promptly and in writing. In case
of dissatisfaction with the results of the test, the manufacturer
or supplier may make claim for rehearing.

14. Certification
14.1 When specified in the purchase order or contract, a

manufacturer’s certificate of compliance shall be furnished to
the purchaser stating that each lot has been sampled, tested, and
inspected in accordance with this specification and that the
requirements have been met.

15. Mill Test Report
15.1 When specified in the purchase order or contract, the

manufacturer or supplier shall furnish to the purchaser a
manufacturer’s test report showing the results of the required
tests.

16. Packaging and Package Marking
16.1 The material shall be separated by size, composition,

and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation, and to
afford protection from the normal hazards of transportation.

16.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, shape, gross and net weight, and name of supplier. The
specification number shall be shown, when specified.

16.3 Product Identification—For ASME Boiler and Pres-
sure Vessel Codeapplications, the name or trademark of the
manufacturer and the manufacturer’s lot identification number
shall be legibly stamped or stenciled on each finished plate and
sheet in two places not less than 300 mm from the edges. If the
plate and sheet are too small to locate the markings as above,
the marking may be placed near the center of the plate and
sheet. In the case of butt straps, the markings may be placed
300 mm from the end. The plate number and type shall be
legibly stamped on each plate and on each test specimen.

17. Keywords
17.1 general requirements, plate; general requirements,

rolled bar; general requirements, sheet; general requirements,
strip; general requirements, wrought copper and copper alloys

TABLE 18 Lot Weight Tolerances for Hot-Rolled Sheet and Plate
(Applicable to Specifications B 36/B 36M, B 96/B 96M (Copper Alloy UNS Nos. C65500 and C65800), B 103/B 103M, B 122/B 122M, B 152/

B 152M, and B 591)

Thickness, mm

Weight Tolerances, Plus and Minus, Percentage of Theoretical Weight

1200 mm and
Under in Width

Over 1200 to
1500 mm, incl,

in Width

Over 1500 to
1800 mm, incl,

in Width

Over 1800 to
2200 mm, incl,

in Width

Over 2200 to
2800 mm, incl,

in Width

3.18 and under 8 9.5 11 12.5 14
Over 3.18 to 4.78, incl 6.5 8 9.5 11 12.5
Over 4.78 to 6.35, incl 6 7.5 8.5 9 10
Over 6.35 to 7.92, incl 5.5 7 8 8.5 9
Over 7.92 to 9.53, incl 5 6 7 7.5 8
Over 9.53 to 11.1, incl 4.5 5 6 7 7.5
Over 11.1 to 12.7, incl 4 4.5 5.5 6 6.5
Over 12.7 to 15.9, incl 3.5 4.5 5 5.5 6
Over 15.9 to 19.1, incl 3 4 4.5 5 5.5
Over 19.1 to 25.4, incl 2.75 3.5 4 4.5 5
Over 25.4 to 38.1, incl 2.5 3 3.5 4 4.5
Over 38.1 to 50.8, incl 2.25 2.75 3.25 3.75 4.25
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:11

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standards:11

MIL-STD-129 Marking for Shipment and Storage
MIL-C-3993 Packaging of Copper and Copper-Base Alloy

Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is

placed. The purchaser shall have the right to perform any of the
inspections and tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade or class and shall be preserved and
packaged, Level A or C, packed, Level A, B, or C, as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

ANNEX

(Mandatory Information)

A1. TEST METHOD FOR SULFUR BY COMBUSTION AND INFRARED DETECTOR

A1.1 Scope

A1.1.1 This test method covers the determination of sulfur
in electrolytic cathode copper.

A1.1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

A1.2 Summary of Test Method

A1.2.1 The sulfur is converted to sulfur dioxide (SO2) by
combustion in a stream of oxygen and the SO2 is measured by
infrared absorption.

A1.2.2 This test method is written for use with commercial
analyzers equipped to carry out the above operations automati-
cally.

A1.3 Interferences

A1.3.1 The elements ordinarily present do not interfere.

A1.4 Apparatus

A1.4.1 Combustion and Analyzing Instrumentation, capable
of making the required measurements.

A1.5 Reagents and Materials

A1.5.1 Reagents:
A1.5.1.1 Accelerator—Use the accelerator recommended

by the instrument manufacturer which, for copper, should be
sulfur and tin free.

A1.5.1.2 Oxygen—Ultra high purity, 99.95 % min. Other
grades of oxygen may be used if sulfur free, or the oxygen may
be purified as described in Practices E 50.

A1.5.2 Materials:

11 Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094.
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A1.5.2.1 Crucibles—Use crucibles recommended by the
manufacturer, or equivalent.

A1.5.2.2 Crucible Tongs—Use tongs capable of handling
recommended crucibles.

A1.6 Hazards

A1.6.1 For precautions to be observed in the use of certain
reagents in this test method, refer to Practice E 50.

A1.6.2 Use care when handling hot crucibles and operating
the furnace to avoid burns and electrical shock.

A1.7 Preparation of Apparatus

A1.7.1 Assemble and test the apparatus according to the
manufacturer’s instructions.

A1.8 Sample Preparation

A1.8.1 The sample should be uniform in size but not finer
than 40 mesh.

A1.9 Calibration

A1.9.1 Calibration Reference Materials—Select a mini-
mum of two reference materials with sulfur content near the
mid-point and high limit.

A1.9.2 Instrument Calibration—Calibrate according to the
manufacturer’s instructions.

A1.10 Procedure

A1.10.1 Stabilize the furnace and analyzer according to the
manufacturer’s instruction.

A1.10.2 Transfer the weight of sample recommended by the
manufacturer into a crucible and add the same amount of
accelerator used in the calibration. Proceed as directed by the
manufacturer’s instructions.

A1.11 Calculation

A1.11.1 Since most commercially available instruments
calculate percent concentrations directly, including corrections
for blank and sample weight, calculations by the analyst are not
required.

A1.11.2 If the analyzer does not compensate for blank and
sample weight values, use the following equation:

Sulfur, %5
~A 2 B! 3 C

D (A1.1)

where:
A = Digital Voltmeter (DVM) reading for specimen,
B = DVM reading for blank,
C = weight compensator setting, and
D = specimen weight, g.

A1.12 Precision and Bias

A1.12.1 Precision—The precision of this test method is
dependent upon sample preparation care and preciseness of
calibration.

A1.12.2 Bias—The accuracy of this test method is depen-
dent to a large extent upon the accuracy of the methods used to
determine the sulfur concentration in the calibration standards
as well as their homogeneity.
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APPENDIXES

(Nonmandatory Information)

X1. PREFERRED THICKNESSES FOR UNCOATED WROUGHT COPPER AND COPPER ALLOY PLATE, SHEET, STRIP,
AND ROLLED BAR, UP TO 6.5 mm INCL

X1.1 It is recommended that wherever possible material
purchased to these specifications be ordered in thicknesses
listed as follows:

mm mm mm mm mm mm mm mm

0.10 0.22 0.36 0.65 1.0 1.8 2.8 5.0
0.12 0.25 0.40 0.70 1.1 2.0 3.2 6.5
0.16 0.28 0.45 0.80 1.3 2.2 3.6 ...
0.18 0.30 0.50 0.90 1.4 2.5 4.0 ...
0.20 ... 0.55 ... 1.6 ... 4.5 ...

X2. STANDARD DENSITIES

X2.1 For purposes of calculating weights, cross sections,
and so forth, the densities of the copper alloys covered by the
specifications listed in the Scope Section shall be taken as
follows:

ASTM Designation Material Copper Alloy UNS No. Density, g/cm3

B 36/B 36M copper-zinc alloy (brass) C21000 8.86
C22000 8.80
C23000 8.75
C24000 8.66
C26000 8.53
C26800 8.47
C27200 8.44

B 96/B 96M copper-silicon alloy C65100
C65500
C65800

8.75
8.53
8.53

B 103/B 103M copper-tin alloy (phosphor bronze) C51000 8.86
C51100 8.86
C52100 8.80
C52400 8.77
C53200 8.94
C53400 8.91
C54400 8.86

B 121/B 121M copper-zinc-lead alloy (leaded brass) C33500 8.47
C34000 8.47
C34200 8.50
C35000 8.44
C35300 8.47
C35340 8.47
C35600 8.50

B 122/B 122M copper-nickel-zinc alloy (nickel silver and copper-nickel alloy) C70600 8.94
C71000 8.94
C71500 8.94
C72200 8.94
C61300 7.59
C72500 8.89
C73500 8.83
C74000 8.69
C74500 8.66
C75200 8.75
C76200 8.58
C77000 8.69
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ASTM Designation Material Copper Alloy UNS No. Density, g/cm3

B 152/B 152M Copper UNS Nos.
C10100, C10200, C10300, C10400, C10500,
C10700, C10800, C12000, C12200, C12300, ... 8.94
C11000, C11300, C11400, C11600, C12500, C14530
C14200 ... 8.91

B 169/B 169M copper-aluminum alloy (aluminum bronze) C60600
C61000
C61400

8.17
7.78
7.59

B 194 copper-beryllium alloy C17000
C17200

8.22
8.22

B 291 copper-zinc-manganese alloy C66700 8.53
B 422 copper-nickel-silicon C63800

C70250
C70260
C72400

8.28
8.82
8.87
8.59

B 465 copper-iron alloy C19200 8.87
C19400 8.91
C19500 8.92
C19600 8.87
c19700 8.84

B 534 copper-cobalt-beryllium alloy C17500
C17510

8.75
8.77

B 591 copper-zinc-tin alloys C40500 8.83
C40800 8.86
C41100 8.80
C41300 8.80
C41500 8.80
C42200 8.80
C42500 8.75
C43000 8.75
C43400 8.75

B 592 copper-zinc-aluminum-cobalt alloy C68800
C69000

8.20
8.20

B 740 copper-nickel-tin alloys C72700
C72900
C72650

8.89
8.94
8.86

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
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Designation: B 249/B 249M – 02

Standard Specification for
General Requirements for Wrought Copper and Copper-
Alloy Rod, Bar, Shapes and Forgings 1

This standard is issued under the fixed designation B 249/B 249M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification2 establishes the general requirements
common to wrought copper and copper alloy rod, bar, shapes,
and forgings which shall apply to Specifications B 16/B 16M,
B 21/B 21M, B 98/B 98M, B 124/B 124M, B 138/B 138M,
B 139/B 139M, B 140/B 140M, B 150, B 151/B 151M, B 196/
B 196M, B 283, B 301/B 301M, B 371, B 411/B 411M, B 441,
B 453/B 453M, B 455, and B 570 to the extent referenced
therein.

1.2 The chemical composition, physical and mechanical
properties, and all other requirements not included in this
specification are prescribed in the product specification.

1.3 The values stated in inch-pounds units or SI units are to
be regarded separately in the standard. Within the text the SI
values are given in brackets. The values stated in each system
of units are not exact equivalents; each system is independent
of the other. Combining values from the two systems may
result in nonconformance with the specification.

NOTE 1—Requirements for flat wire (defined as flat products up to and
including 0.188 in. thick and up to 11⁄4 in. in width, with all surfaces rolled
or drawn, without having been slit, sheared or sawed) including square,
furnished in coils or straight lengths, or on spools, reels, or bucks are
described by the wire Specifications B 206/B 206M and B 272.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:

B 16/B 16M Specification for Free-Cutting Brass Rod, Bar,
and Shapes for Use in Screw Machines3

B 21/B 21M Specification for Naval Brass Rod, Bar, and
Shapes3

B 98/B 98M Specification for Copper-Silicon Alloy Rod,
Bar, and Shapes3

B 124/B 124M Specification for Copper and Copper-Alloy
Forging Rod, Bar, and Shapes3

B 138/B 138M Specification for Manganese Bronze Rod,
Bar, and Shapes3

B 139/B 139M Specification for Phosphor Bronze Rod,
Bar, and Shapes3

B 140/B 140M Specification for Copper-Zinc-Lead ( Red
Brass or Hardware Bronze) Rod, Bar, and Shapes3

B 150 Specification for Aluminum Bronze Rod, Bar, and
Shapes3

B 151/B 151M Specification for Copper-Nickel-Zinc Alloy
(Nickel Silver) and Copper-Nickel Rod and Bar3

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys3

B 187 Specification for Copper Bar, Bus Bar, Rod and
Shapes3

B 193 Test Method for Resistivity of Electrical Conductor
Materials4

B 194 Specification for Copper-Beryllium Alloy Plate,
Sheet, Strip and Rolled Bar3

B 196/B 196M Specification for Copper-Beryllium Alloy
Rod and Bar3

B 206/B 206M Specification for Copper-Nickel-Zinc Alloy
(Nickel Silver) Wire and Copper-Nickel Alloy Wire3

B 272 Specification for Flat Copper Products With Finished
(Rolled or Drawn) Edges (Flat Wire and Strip)3

B 283 Specification for Copper and Copper-Alloy Die Forg-
ings, Hot-Pressed3

B 301/B 301M Specification for Free-Cutting Copper Rod
and Bar3

B 371 Specification for Copper-Zinc-Silicon Alloy Rod3

B 411/B 411M Specification for Copper-Nickel-Silicon Al-
loy Rod and Bar3

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes and Forgings.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 249 – 51 T. Last previous edition B 249/B 249M – 01.

2 For ASME Boiler and Pressure Vessel Codeapplications see related Specifi-
cations SB-249 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 02.03.

1

*A Summary of Changes section appears at the end of this standard.
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B 441 Specification for Copper-Cobalt-Beryllium (UNS
C17500) and Copper-Nickel-Beryllium (UNS C17510)
Rod and Bar3

B 453/B 453M Specification for Copper-Zinc-Lead Alloy
(Leaded Brass) Rod, Bar, and Shapes3

B 455 Specification for Copper-Zinc-Lead Alloy (Leaded
Brass) Extruded Shapes3

B 570 Specification for Copper-Beryllium Alloy (UNS
C17000 and C17200) Forgings and Extrusions3

B 577 Test Methods for Detection of Cuprous Oxide (Hy-
drogen Embrittlement Susceptibility) in Copper3

B 846 Terminology for Copper and Copper Alloys3

B 858 Test Method for Ammonia Vapor Test for Determin-
ing Susceptibility to Stress Corrosion Cracking in Copper
Alloys3

D 4855 Practice for Comparing Test Methods5

E 3 Practice for Preparation of Metallographic Specimens6

E 8 Test Methods for Tension Testing of Metallic Materials6

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]6

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials6

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications7

E 53 Test Method for Determination of Copper in Unal-
loyed Copper by Gravimetry8

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes9

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)8

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys8

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys10

E 112 Test Methods for Determining Average Grain Size6

E 118 Test Methods for Chemical Analysis of Copper-
Chromium Alloys8

E 121 Test Methods for Chemical Analysis of Copper-
Tellurium Alloys8

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition8

E 290 Test Method for Bend Testing of Material for Duc-
tility 6

E 478 Test Methods for Chemical Analysis of Copper
Alloys8

E 527 Practice for Numbering Metals and Alloys (UNS)11

E 581 Test Methods for Chemical Analysis of Manganese-
Copper Alloys8

3. Terminology

3.1 Definitions:

3.1.1 bar, n—a solid rectangular section, or one with
two-plane parallel surfaces and round or other simple regularly
shaped finished edges, up to and including 12 in. [300 mm] in
width and over 0.188 in. [5 mm] in thickness furnished in
straight lengths or in rolls and with finished edges, either
rolled, drawn, or extruded.

3.1.2 bus conductor stock, n—a bar, rod, or shape of high
conductivity copper used to make electrical conductors.

3.1.2.1 bus bar, n—of solid or square cross section or a solid
section with two plane parallel surfaces and round or other
simple regular shaped edges.

3.1.2.2 bus rod, n—solid round and regular polygons of six
and eight sides.

3.1.2.3 bus shape, n—a solid section other than regular rod,
bar, plate, sheet, strip, or flat wire, and may be of oval, half
oval, half round, triangular, pentagonal, or of any special cross
section.

3.1.3 capable of, adj—possessing the required properties or
characteristics, or both, necessary to conform to specification
requirement(s) when subjected to specified test(s).

3.1.4 coil, n—a length of the product wound into a series of
connected turns. The unqualified term as applied to “flat wire”
refers to a coil in which the product is spirally wound, with the
successive layers one atop the other (sometimes called a
“roll”).

3.1.4.1 coil, level or traverse wound, n—a coil in which the
turns are positioned into layers parallel to the axis of the coil
such that successive turns in a given layer are next to one
another.

3.1.4.2 coil, level or traverse wound on a reel or spool, n—a
coil in which the turns are positioned into layers on a reel or
spool parallel to the axis of the reel or spool such that
successive turns in a given layer are next to one another.

3.1.4.3 coil, stagger wound, n—a coil in which the turns are
positioned into layers approximately parallel to the axis of the
coil, but not necessarily with the fixed regularity of a level or
traverse wound coil.

3.1.5 length, n—straight pieces of the product.
3.1.5.1 lengths, ends, n—straight pieces, shorter than the

nominal length, left over after cutting the product into mill
lengths, stock lengths, or specific lengths. They are subject to
minimum length and maximum weight requirements.

3.1.5.2 lengths, mill, n—straight lengths, including ends,
that can be conveniently manufactured in the mill. Full length
pieces are usually 10 or 12 ft [3000 or 3600 mm] and subject
to established length tolerances.

3.1.5.3 lengths, multiple, n—straight lengths of integral
multiples of a base length, with suitable allowance for cutting
when specified.

3.1.5.4 lengths, specific, n—straight lengths that are uni-
form in length, as specified, and subject to established length
tolerances.

3.1.5.5 lengths, specific with ends, n—specific lengths, in-
cluding ends.

3.1.5.6 lengths, stock, n—straight lengths that are mill cut
and stored in advance of orders. They are usually 10 or 12 ft
[3000 or 3600 mm] and subject to established length toler-
ances.

5 Annual Book of ASTM Standards, Vol 07.02.
6 Annual Book of ASTM Standards, Vol 03.01.
7 Annual Book of ASTM Standards, Vol 14.02.
8 Annual Book of ASTM Standards, Vol 03.06.
9 Discontinued. See 2001Annual Book of ASTM Standards, Vol 03.05.
10 Annual Book of ASTM Standards, Vol 03.05.
11 Annual Book of ASTM Standards, Vol 01.01.
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3.1.5.7 lengths, stock with ends, n—stock lengths, including
ends.

3.1.6 reel or spool, n—a cylindrical device that has a rim at
each end and an axial hole for a shaft or spindle, and on which
the product is wound to facilitate handling and shipping.

3.1.7 rod, n—a round, regular hexagonal, or regular octago-
nal solid section furnished in straight lengths (a regular
hexagonal or a regular octagonal rod is a solid section having
equal sides and equal angles).

3.1.7.1 rod, piston finish, n—a round rod having a special
surface produced by turning or grinding to close tolerances for
diameter and straightness.

3.1.7.2 rod, shafting, n—a round rod specially manufac-
tured to the close straightness tolerances required for use in
shafting.

3.1.8 shape, n—a solid section other than regular rod, bar,
plate, sheet, strip, or flat wire, and may be of oval, half oval,
half round, triangular, pentagonal, or of any special cross
section furnished in straight lengths.

3.1.9 unaided eye, adj—visual inspection without the use of
special equipment or enhancement excepting the use of cor-
rective lenses.

3.2 For other terms not referenced herein, see Terminology
B 846.

4. Materials and Manufacture

4.1 Materials:
4.1.1 The materials shall conform to the published compo-

sitional requirements of the Copper or Copper Alloy UNS No.
designation specified in the ordering information.

4.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 2—Because of the discontinuous nature of the processing of
castings into wrought products, it is not always practical to identify
specific casting analysis with a specific quantity of finished material.

4.2 Manufacture:
4.2.1 The product shall be produced by hot working, cold

working, or both, and finished by such cold working, annealing
or heat treatment and straightening as may be necessary to
meet the properties specified.

4.2.2 Edges—The edge shall be drawn, extruded, or rolled;
refer to Edge Contours in Section 6.

5. Chemical Composition

5.1 The material of manufacture shall conform to the
compositional requirements prescribed in the product specifi-
cation.

5.1.1 When a product (check) sample is analyzed by the
purchaser, the material shall conform to the compositional
requirements within the permitted analytical variance given in
the product specification.

5.2 The composition limits established for the Copper or
Copper Alloy UNS No. designation specified in the product
specification does not preclude the presence of other elements.
Limits may be established and analysis required for unnamed
elements by agreement between the manufacturer or supplier
and the purchaser.

5.3 When material composition has been determined during
the course of manufacture, analysis of the finished product by
the manufacturer is not required.

6. Dimensions, Mass and Permissible Variations

6.1 General—For the purpose of determining conformance
with the dimensional requirements, any measured value out-
side the specified limiting values for any dimension may be
cause for rejection.

NOTE 3—Blank spaces in the tolerance tables indicate either that the
material generally is not available or that no tolerances are established.

6.2 Diameter or Distance Between Parallel Surfaces—The
diameter of round sections or the distance between parallel
surfaces in the case of other sections, except shapes, shall not
vary from that specified by more than the amounts specified in
Tables 1-12, incl, for the product, specification indicated:

Table 1—Tolerances for diameter or distance between par-
allel surfaces of cold-drawn rod applicable to Specifications
B 16/B 16M, B 21/B 21M, B 98/B 98M (Copper Alloy UNS
No. C65100), B 124/B 124M (Copper Alloy UNS Nos.
C11000, C14500, C14700, C46400, C48200, and C48500),
B 140/B 140M, B 301/B 301M, and B 453/B 453M.

Table 2—Tolerances for diameter or distance between par-
allel surfaces of cold-drawn rod applicable to Specifications
B 98/B 98M (Copper Alloy UNS Nos. C65500 and C66100),
B 124/B 124M (Copper Alloy UNS Nos. C36500, C37700,
C61900, C62300, C63000, C63200, C64200, C65500,
C67500, and C77400), B 138/B 138M, B 139/B 139M, B 150,
B 151/B 151M, B 196/B 196M, B 371, B 411/B 411M, and
B 441.

Table 3—Diameter tolerances for piston finish rod appli-
cable to Specifications B 21/B 21M, B 138/B 138M, B 139/
B 139M, and B 150.

Table 4—Tolerances for diameter or distance between par-
allel surfaces of as-extruded rod and bar applicable to Speci-
fications B 21/B 21M, B 124/B 124M (Copper Alloy UNS
Nos. C36500, C37700, C46400, C48200, C48500, C61900,
C62300, C63000, C63200, C64200, C64210, and C67500),
B 138/B 138M (Copper Alloy UNS No. C67500), and B 150.

Table 5—Tolerances for diameter or distance between par-
allel surfaces of as-extruded rod and bar applicable to Speci-
fications B 98/B 98M (Copper Alloy UNS Nos. C65100,

TABLE 1 Tolerances for Diameter or Distance Between Parallel
Surfaces of Cold-Drawn Rod

(Applicable to Specifications B 16/B 16M, B 21/B 21M, B 98/B 98M
(Copper Alloy UNS No. C65100), B 124/B 124M (Copper Alloy UNS

Nos. C11000, C14500, C14700, C46400, C48200, and C48500),
B 140/B 140M, B 301/B 301M, and B 453/B 453M.)

Diameter or Distance Between
Parallel Surfaces, in. [mm]

Tolerances, Plus and Minus,A in. [mm]

Round
Hexagonal,
Octagonal

Up to 0.150 [3.8], incl 0.0013 [0.035] 0.0025 [0.06]
Over 0.150 to 0.500 [3.8 to 12], incl 0.0015 [0.04] 0.003 [0.08]
Over 0.500 to 1.00 [12 to 25], incl 0.002 [0.05] 0.004 [0.10]
Over 1.00 to 2.00 [25 to 50], incl 0.0025 [0.06] 0.005 [0.13]
Over 2.00 [50] 0.15B [0.15]B 0.30B

[0.30]B

A When tolerances are specified as all plus or all minus, double the values given.
B Percent of specified diameter or distance between parallel surfaces expressed

to the nearest 0.001 in. [0.01 mm].
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C65500, and C66100), B 124/B 124M (Copper UNS Nos.
C11000, C14500, C14700, C65500, and C77400), and B 138/
B 138M (Copper Alloy UNS No. C67000), B 196/B 196M,
and B 441.

Table 6—Diameter tolerances for hot-rolled round rod ap-
plicable to Specification B 98/B 98M, B 124/B 124M, B 138/
B 138M, B 150, B 196/B 196M, and B 441.

Table 7—Thickness tolerances for rectangular and square
bar applicable to Specifications B 124/B 124M (Copper Alloy
UNS Nos. C11000, C14500, and C14700) and B 301/B 301M.

Table 8—Thickness tolerances for rectangular and square
bar applicable to Specifications B 16/B 16M, B 21/B 21M,
B 98/B 98M (Copper Alloy UNS No. C65100), B 124/B 124M
(Copper Alloy UNS Nos. C46400, C48200, and C48500), and
B 140/B 140M.

Table 9—Thickness tolerances for rectangular and square
bar applicable to Specifications B 98/B 98M (Copper Alloy
UNS Nos. C65500 and C66100), B 124/B 124M (Copper
Alloy UNS Nos. C36500, C37700, C61900, C62300, C63000,
C63200, C64200, C65500, C67500, and C77400), B 138/
B 138M, B 139/B 139M, B 150, B 151/B 151M, B 196/
B 196M, B 411/B 411M, and B 441.

Table 10—Width tolerances for rectangular bar applicable to
Specifications B 16/B 16M, B 21/B 21M, B 98/B 98M (Cop-
per Alloy UNS No. C65100), B 124/B 124M (Copper Alloy
UNS Nos. C11000, C14500, C14700, C46400, C48200, and
C48500), B 140/B 140M, and B 301/B 301M.

Table 11—Width tolerances for rectangular bar applicable to
Specifications B 98/B 98M (Copper Alloy UNS Nos. C65500
and C66100), B 124/B 124M (Copper Alloy UNS Nos.
C36500, C37700, C61900, C62300, C63000, C63200,
C64200, C65500, C67500, and C77400), B 138/B 138M,
B 139/B 139M, B 150, B 151/B 151M, B 196/B 196M, B 411/
B 411M, and B 441.

Table 12—Diameter tolerances for hot-forged rod and bar
applicable to Specification B 138/B 138M.

6.3 Length—Rod, bar, and shapes shall be furnished in
stock lengths with ends, unless the order specifies stock
lengths, specific lengths, or specific lengths with ends as
specified in Table 13, Table 14, and Table 15 for the product
specification indicated:

Table 13—Length tolerances for full-length pieces appli-
cable to Specifications B 16/B 16M, B 21/B 21M, B 98/
B 98M, B 138/B 138M, B 139/B 139M, B 140/B 140M,

TABLE 2 Tolerances for Diameter or Distance Between Parallel
Surfaces of Cold-Drawn Rod

(Applicable to Specifications B 98/B 98M (Copper Alloy UNS No.
C65500 and C66100), B 124/B 124M (Copper Alloy UNS Nos.

C36500, C37700, C61900, C62300, C63000, C63200, C64200,
C65500, C67500, and C77400), B 138/B 138M, B 139/B 139M, B 150,

B 196/B 196M, B 371, B 411/B 411M, and B 441.)

Diameter or Distance Between
Parallel Surfaces, in. [mm]

Tolerances, Plus and Minus,A

in. [mm]

Round
Hexagonal,
Octagonal

Up to 0.150 [3.8], incl 0.002 [0.050] . . .
Over 0.150 to 0.500 [3.8 to 12], incl 0.002 [0.050] 0.004 [0.10]
Over 0.500 to 1.00 [12 to 25], incl 0.003 [0.08] 0.005 [0.13]
Over 1.00 to 2.00 [25 to 50], incl 0.004 [0.10] 0.006 [0.15]
Over 2.00 [50] 0.20B [0.20]B 0.40B [0.40]B

A When tolerances are specified as all plus or all minus, double the values given.
B Percent of specified diameter or distance between parallel surfaces expressed

to the nearest 0.001 in. [0.01 mm].

TABLE 3 Diameter Tolerances for Piston-Finish Rod
(Applicable to Specifications B 21/B 21M, B 138/B 138M, B 139/

B 139M, and B 150.)

Diameter, in. [mm] Tolerances, Plus and Minus,A in. [mm]

Over 0.500 to 1.00 [12 to 25], incl 0.0013 [0.35]
Over 1.00 to 2.00 [25 to 50], incl 0.0015 [0.04]
Over 2.00 [50] 0.10B [0.10]B

A When tolerances are specified as all plus or all minus, double the values given.
B Percent of specified diameter expressed to the nearest 0.0005 in. [0.01 mm].

TABLE 4 Tolerances for Diameter or Distance Between Parallel
Surfaces of As-Extruded Rod and Bar

(Applicable to Specifications B 21/B 21M, B 124/B 124M (Copper Alloy
UNS Nos. C36500, C37700, C46400, C48200, C48500, C61900,

C62300, C63000, C63200, C64200, C64210, and C67500), B 138/
B 138M (Copper Alloy UNS No. C67500), and B 150.)

Diameter or Distance Between
Parallel Surfaces, in. [mm]

Tolerances, Plus and Minus,A

in. [mm]

Rod (Round, Hexagonal, and
Octagonal) Bar (Rectangular and

Square)

Up to 1.00 [25], incl 0.010 [0.25]
Over 1.00 to 2.00 [25 to 50], incl 0.015 [0.38]
Over 2.00 to 3.00 [50 to 75], incl 0.025 [0.65]
Over 3.00 to 3.50 [75 to 90], incl 0.035 [0.90]
Over 3.50 to 4.00 [90 to 100], incl 0.060 [1.5]

A When tolerances are specified as all plus or all minus, double the values given.

TABLE 5 Tolerances for Diameter or Distance Between Parallel
Surfaces of As-Extruded Rod and Bar

(Applicable to Specifications B 98/B 98M (Copper UNS Nos. C65100,
C65500, and C66100), B 124/B 124M (Copper UNS Nos. C11000,

C14500, and C14700 and Copper Alloy UNS Nos. C65500 and
C77400), B 138/B 138M (Copper UNS No. C67000), B 196/B 196M

(Copper UNS Nos. C17000, C17200, and C17300), and B 441
(Copper UNS Nos. C17500, C17510.)

Diameter or Distance Between
Parallel Surfaces, in. [mm]

Tolerances, Plus and Minus,A

in. [mm]

Rod (Round, Hexagonal, and
Octagonal) Bar (Rectangular and

Square)

Up to 1.00 [25], incl 0.020 [0.50]
Over 1.00 to 2.00 [25 to 50], incl 0.030 [0.75]
Over 2.00 to 3.00 [50 to 75], incl 0.050 [1.3]
Over 3.00 to 3.50 [75 to 90], incl 0.070 [1.8]
Over 3.50 to 4.00 [90 to 100], incl 0.120 [3.0]

A When tolerances are specified as all plus or all minus, double the values given.

TABLE 6 Diameter Tolerances for Hot-Rolled Round Rod
(Applicable to Specifications B 98/B 98M, B 124/B 124M, B 138/

B 138M, B 150, B 196/B 196M, and B 441.)

Diameter, in. [mm]
Tolerances, Plus and Minus,A

in. [mm]

0.250 [6.35] only +0.020 [+0.50]
−0.010 [−0.25]

Over 0.250 to 0.750 [6.35 to 20], incl 0.015 [0.38]
Over 0.750 to 1.25 [20 to 30], incl 0.020 [0.50]
Over 1.25 to 1.50 [30 to 38], incl 0.030 [0.75]
Over 1.50 to 3.00 [38 to 75], incl 1⁄16 [1.6]
Over 3.00 [75] 1⁄8 [3.2]

A When tolerances are specified as all plus or all minus, double the values given.

B 249/B 249M – 02

4



B 150, B 151/B 151M, B 196/B 196M, B 301/B 301M, B 371,
B 411/B 411M, B 441, and B 453/B 453M.

Table 14—Schedule of lengths (specific and stock) with ends
applicable to Specifications B 16/B 16M, B 21/B 21M, B 138/
B 138M (Copper Alloy UNS No. C67500), B 140/B 140M,
B 301/B 301M, and B 453/B 453M.

Table 15—Schedule of lengths (specific and stock) with ends
applicable to Specifications B 98/B 98M, B 138/B 138M (Cop-
per Alloy UNS No. C67000), B 139/B 139M, B 150, B 151/
B 151M, B 196/B 196M, B 371, B 411/B 411M, and B 441.

6.4 Straightness:
6.4.1 Unless otherwise specified, drawn rod, bar, and

shapes, other than shafting rod, piston-finish rod shall be
furnished in straight lengths, of which the deviation from
straightness shall not exceed the limitations specified in Table
16. To determine compliance with this tolerance, the lengths
shall, in case of disagreement, be checked by the following
method:

6.4.1.1 Place the lengths on a level table so that the arc or
departure from straightness is horizontal. Measure the depth of

TABLE 7 Thickness Tolerances for Rectangular and Square Bar
(Applicable to Specifications B 124/B 124M, (Copper Alloy UNS Nos. C11000, C14500, and C14700), B 133, and B 301/B 301M.)

Thickness, in. [mm]

Thickness Tolerances, Plus and Minus,A in. [mm] for Widths Given in Inches

1⁄2 [12] and Under
Over 1⁄2 to 11⁄4 [12

to 30] Incl
Over 11⁄4 to 2 [30 to

50] Incl
Over 2 to 4 [50 to

100] Incl
Over 4 to 8 [100 to

200] Incl
Over 8 to 12 [200 to

300] Incl

Over 0.188 to 0.500 [4.8 to 12], incl 0.003 [0.08] 0.003 [0.08] 0.0035 [0.09] 0.004 [0.10] 0.0045 [0.11] 0.0055 [0.13]
Over 0.500 to 1.00 [12 to 25], incl ... 0.004 [0.10] 0.004 [0.10] 0.0045 [0.11] 0.005 [0.13] 0.006 [0.15]
Over 1.00 to 2.00 [25 to 50], incl ... 0.0045 [0.11] 0.0045 [0.11] 0.005 [0.13] 0.006 [0.15] ...
Over 2.00 to 4.00 [50 to 100], incl ... ... ... 0.30B ... ...

A When tolerances are specified as all plus or all minus, double the values given.
B Percent of specified thickness expressed to the nearest 0.001 in. [0.01 mm].

TABLE 8 Thickness Tolerances for Rectangular and Square Bar
(Applicable to Specifications B 16/B 16M, B 21/B 21M, B 98/B 98M (Copper Alloy UNS No. 65100), B 124/B 124M (Copper Alloy UNS Nos.

C46400, C48200, and C48500), and B 140/B 140M.)

Thickness, in. [mm]
Thickness Tolerances, Plus and Minus,A in. for Widths Given in Inches

1⁄2 and Under Over 1⁄2 to 11⁄4 Incl Over 11⁄4 to 2 Incl Over 2 to 4 Incl Over 4 to 8 Incl Over 8 to 12 Incl

Over 0.188 to 0.500 [4.8 to 12], incl 0.0035 [0.09] 0.004 [0.10] 0.0045 [0.11] 0.0045 [0.11] 0.006 [0.13] 0.008 [0.20]
Over 0.500 to 1.00 [12 to 25], incl ... 0.0045 [0.11] 0.005 [0.13] 0.005 [0.13] 0.007 [0.18] 0.009 [0.23]
Over 1.00 to 2.00 [25 to 50], incl ... 0.005 [0.13] 0.005 [0.13] 0.006 [0.15] 0.008 [0.20] ...
Over 2.00 to 4.00 [50 to 100], incl ... ... ... 0.30B ... ...

A When tolerances are specified as all plus or all minus, double the values given.
B Percent of specified thickness expressed to the nearest 0.001 in. [0.01 mm].

TABLE 9 Thickness Tolerances for Rectangular and Square Bar
(Applicable to Specifications B 98/B 98M (Copper Alloy UNS Nos. C65500 and C66100), B 124/B 124M (Copper Alloy UNS Nos. C36500,

C37700, C61900, C62300, C63000, C63200, C64200, C65500, C67500, and C77400), B 138/B 138M, B 139/B 139M, B 150, B 151/B 151M,
B 196/B 196M, B 411/B 411M, and B 441.)

Thickness, in. [mm]

Thickness Tolerances, Plus and Minus,A in. [mm] for Widths Given in Inches

1⁄2 [12] and Under
Over 1⁄2 to 11⁄4 [12

to 30] Incl
Over 11⁄4 to 2 [30 to

50] Incl
Over 2 to 4 [50 to

100] Incl
Over 4 to 8 [100 to

200] Incl
Over 8 to 12 [200 to

300] Incl

Over 0.188 to 0.500 [4.8 to 12], incl 0.005 [0.13] 0.005 [0.13] 0.006 [0.15] 0.007 [0.18] 0.009 [0.23] 0.012 [0.30]
Over 0.500 to 1.00 [12 to 25], incl ... 0.006 [0.15] 0.007 [0.18] 0.008 [0.20] 0.010 [0.25] 0.013 [0.33]
Over 1.00 to 2.00 [25 to 50], incl ... 0.006 [0.15] 0.007 [0.18] 0.009 [0.23] 0.011 [0.28] ...
Over 2.00 to 4.00 [50 to 100], incl ... ... ... 0.50B ... ...

A When tolerances are specified as all plus or all minus, double the values given.
B Percent of specified thickness expressed to the nearest 0.001 in. [0.1 mm].

TABLE 10 Width Tolerances for Rectangular Bar
(Applicable to Specifications B 16/B 16M, B 21/B 21M, B 98/B 98M
(Copper Alloy UNS No. C65100), B 124/B 124M (Copper Alloy UNS

Nos. C11000, C14500, C14700, C46400, C48200, and C48500),
B 140/B 140M, and B 301/B 301M.)

Width, in. [mm] Tolerances, Plus and Minus,A in. [mm]

Over 0.188 to 0.500 [4.8 to 12], incl 0.0035 [0.09]
Over 0.500 to 1.25 [12 to 30], incl 0.005 [0.13]
Over 1.25 to 2.00 [30 to 50], incl 0.008 [0.20]
Over 2.00 to 4.00 [50 to 100], incl 0.012 [0.30]B

Over 4.00 to 12.00 [100 to 300],
incl

0.30B [0.30]

A When tolerances are specified as all plus or all minus, double the values given.
B Percent of specified width expressed to the nearest 0.001 in. [0.01 mm].

TABLE 11 Width Tolerances for Rectangular Bar
(Applicable to Specifications B 98/B 98M (Copper Alloy UNS Nos.

C65500 and C66100), B 124/B 124M (Copper Alloy UNS Nos.
C36500, C37700, C61900, C62300, C63000, C63200, C64200,

C65500, C67500, and C77400), B 138/B 138M, B 139/B 139M, B 150,
B 151/B 151M, B 196/B 196M, B 411/B 411M, and B 441.)

Width, in. [mm] Tolerances, Plus and Minus,A in. [mm]

Over 0.188 to 0.500 [4.8 to 12], incl 0.005 [0.13]
Over 0.500 to 1.25 [12 to 30], incl 0.007 [0.18]
Over 1.25 to 2.00 [30 to 50], incl 0.010 [0.25]
Over 2.00 to 4.00 [50 to 100], incl 0.015 [0.38]
Over 4.00 to 12.00 [100 to 300], incl 0.50B [0.50]B

A When tolerances are specified as all plus or all minus, double the values given.
B Percent of specified width expressed to the nearest 0.001 in. [0.01 mm].
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arc to the nearest1⁄32 in. [1.0 mm], using a steel scale and a
straightedge. Local departure from straightness should be
measured with a 1-ft [300-mm] straightedge and a feeler gage.

6.4.2 Shafting rod, when so specified, shall comply with the
tolerances of Table 17. To determine compliance with this
paragraph, shafting shall, in case of disagreement, be checked
by the following method:

6.4.2.1 Place the shaft upon two freely rotating supports,
one fourth of the shaft length extending beyond each support.
Measure the departure from straightness at each end and at the
center by means of a dial gage mounted on a suitable movable
block and set successively at the three points to be measured
while rotating the shaft slowly and carefully to avoid vibration.
The total range of the dial reading at a given point, divided by
two, gives the departure from straightness at that point.

6.5 Edge Contours:
6.5.1 Finish—All rectangular and square bar shall have

finished edges.
6.5.2 Angles—All regular polygonal sections shall have

substantially exact angles. For hexagonal and octagonal rods
cold-drawn to size, corner radii shall not exceed1⁄16 in. [1.5
mm] for sizes up to 2 in. [50 mm], incl., and3⁄32 in. [2.5 mm]
for sizes over 2 in. [50 mm].

6.5.2.1 When specified, hexagons and octagons shall be
furnished with corners rounded to a radius of 11 % of the
distance bwtween parallel faces. The distance from corner to
corner12 shall be the basis for acceptance or rejection. the
appropriate tolerances are listed in Table 18.

6.5.3 Rectangular and Square Bar—Unless otherwise
specified, square corners shall be furnished on rectangular and
square bar. When so ordered, the edge contours described in
6.5.4-6.5.7 inclusive shall be furnished.

6.5.4 Square Corners—Unless otherwise specified, bar shall
be finished with commercially square corners with a maximum
permissible radius of1⁄32 in. [1.0 mm] for bars over3⁄16 to 1 in.
[5 to 25 mm], inclusive, in thickness, and1⁄16 in. [1.5 mm] for
bars over 1 in. [25 mm] in thickness.

6.5.5 Rounded Corners—When specified, bar shall be fin-
ished with corners rounded as shown in Fig. 1 to a quarter
circle with a radius of1⁄16 in. [1.5 mm] for bars over3⁄16 to 1 in.
[25 mm], inclusive, in thickness, and1⁄8 in. [5 mm] for bars
over 1 in. [25 mm] in thickness. The tolerance on the radius
shall be625 %.

6.5.6 Rounded Edge—When specified bar shall be finished
with edges rounded as shown in Fig. 2, the radius of curvature
being 11⁄4 times the thickness of the bar for bars over3⁄16 in. [5
mm] in thickness. The tolerance on the radius shall be one
fourth the thickness of the bar.

6.5.7 Full Rounded Edge—When specified, bar shall be
finished with substantially uniform round edges, the radius of
curvature being approximately one half the thickness of the
product, as shown in Fig. 3, but in no case to exceed one half
the thickness of the product by more than 25 %.

7. Workmanship, Finish, and Appearance

7.1 Workmanship:
7.1.1 The product shall be free from defects, but blemishes

of a nature that do not interfere with normal operations are
acceptable. The product shall be well cleaned and free from
dirt.

7.2 Finish:
7.2.1 A superficial film of residual light lubricant normally

is present and is permissible unless otherwise specified.
7.3 Appearance:
7.3.1 The surface finish and appearance shall be the normal

quality for product ordered.
7.3.2 When application information is provided with the

contract or purchase order, the surface shall be that normally
produced for the application.

7.3.3 Superficial films of discoloration, or lubricants, or
tarnish inhibitors are permissible unless otherwise specified.

8. Sampling

8.1 The lot size, portion size, and selection of sample pieces
shall be as follows:

8.1.1 Lot Size—An inspection lot shall be 10 000 lbs [5000
kg], or less, of the same mill form, alloy, temper, and nominal
dimensions, subject to inspection at one time. Alternatively, a
lot shall be the product of one cast bar from a single melt
charge, or one continuous casting run whose weight does not
exceed 40 000 lbs [20 000 kg] that has been continuously
processed and subject to inspection at one time.

8.1.2 Portion Size—The portion shall be four or more
pieces selected as to be representative of each lot. Should the
lot consist of less than five pieces, representative samples shall
be taken from each piece.

8.2 Chemical Analysis:
8.2.1 The sample for chemical analysis shall be taken in

accordance with Practice E 255 for product in its final form
from the pieces selected in 8.1.2 and combined into one

12 The distance from corner to corner is determined by calculating the distance
across parallel faces times 1.121 for hexagons and 1.064 for octagons.

TABLE 12 Diameter Tolerances for Hot-Forged Rod and Bar
(Applicable to Specification B 138/B 138M.)

Diameter or Distance Between
Parallel Surfaces, in. [mm]

Tolerances, All Plus, in. [mm]
As-Forged Rough-Turned

Over 3.50 [90] 0.125 [3.2] 0.050 [1.3]

TABLE 13 Length Tolerances for Rod, Bar, and Shapes (Full-
Length Pieces Specific and Stock Lengths With or Without Ends)

(Applicable to Specifications B 16/B 16M, B 21/B 21M, B 98/B 98M,
B 138/B 138M, B 139/B 139M, B 140/B 140M, B 150, B 151/B 151M,

B 196/B 196M, B 301/B 301M, B 371, B 411/B 411M, B 441, and
B 453/B 453M.)

NOTE 1—The length tolerances in this table are all plus; if all minus
tolerances are desired, use the same values; if tolerances are desired plus
and minus, halve the values given.

Length Classification
Tolerances, All Plus, in. [mm]

(Applicable Only to
Full-Length Pieces)

Specific lengths 3⁄8 [10]
Specific lengths with ends 1 [25]
Stock lengths with or without ends 1A [25]A

A As stock lengths are cut and placed in stock in advance of orders, departure
from this tolerance is not practicable.
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composite sample. The minimum weight of the composite
sample shall be 150 g.

8.2.2 Instead of sampling as directed in 8.2.1, the manufac-
turer shall have the option of sampling at the time castings are

poured or from the semifinished product. When samples are
taken during the course of manufacture, sampling of the
finished product by the manufacturer is not required. The
number of samples taken for the determination of composition
shall be as follows:

8.2.2.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured from the same source of molten metal.

TABLE 14 Schedule of Lengths (Specific and Stock) with Ends for Rod Bar
(Applicable to Specifications B 16/B 16M, B 21/B 21M, B 138/B 138M (Copper Alloy UNS No. C67500), B 140/B 140M, B 301/B 301M, and

B 453/B 453M.)

Diameter or Distance Between Parallel
Surfaces for Round, Hexagonal, and

Octagonal Rod, and Square Bar, in. [mm]
Rectangular Bar, Area,A in.2 [mm2]

Nominal Length,
ft [mm]

Shortest Permissible
Length,B % of

Nominal Length

Maximum Permissible
Weight of Ends, % of

Lot Weight

0.500 [12] and under 0.250 [160] and under 6 to 14 [2000 to 4250], incl 75 20
Over 0.500 to 1.00 [12 to 25], incl over 0.250 to 1.00 [160 to 650], incl 6 to 14 [2000 to 4250], incl 70 30
Over 1.00 to 1.50 [25 to 38], incl over 1.00 to 2.25 [650 to 1500], incl 6 to 12 [2000 to 3750], incl 60 40
Over 1.50 to 2.00 [38 to 50], incl over 2.25 to 4.00 [1500 to 2500], incl 6 to 12 [2000 to 3750], incl 50 45
Over 2.00 to 3.00 [50 to 75], incl over 4.00 to 9.00 [2500 to 5850], incl 6 to 10 [2000 to 3000], incl 40 50

A Width times thickness, disregarding any rounded corners or edges.
B Expressed to the nearest 1⁄2 ft [150 mm].

TABLE 15 Schedule of Lengths (Specific and Stock) with Ends for Rod and Bar
(Applicable to Specifications B 98/B 98M, B 138/B 138M (Copper Alloy UNS No. C67000), B 139/B 139M, B 150, B 151/B 151M, B 196/

B 196M, B 371, B 411/B 411M, and B 441.)

Diameter or Distance Between Parallel
Surfaces for Round, Hexagonal, and

Octagonal Rod, and Square Bar, in. [mm]
Rectangular Bar, Area,A in.2 [mm2] Nominal Length, ft [mm]

Shortest Permissible
Length,B % of

Nominal Length

Maximum Permissible
Weight of Ends, % of

Lot Weight

0.500 [12] and under 0.250 [160] and under 6 to 12 [2000 to 4000], incl 65 30
Over 0.500 to 1.00 [12 to 25], incl over 0.250 to 1.00 [160 to 650], incl 6 to 12 [2000 to 4000], incl 60 40
Over 1.00 to 1.50 [25 to 38], incl over 1.00 to 2.25 [650 to 1500], incl 6 to 10 [2000 to 3000], incl 50 50
Over 1.50 to 2.00 [38 to 50], incl over 2.25 to 4.00 [1500 to 2500], incl 6 to 10 [2000 to 3000], incl 40 60

A Width times thickness, disregarding any rounded corners or edges.
B Expressed to the nearest 1⁄2 ft [150 mm].

TABLE 16 Straightness Tolerances for Rod, Bar, and Shapes

Form and Size, in.
[mm]

Length, ft [mm]
Maximum Curvature

(Depth of Arc), in. [mm]

FOR GENERAL USE

(Applicable to Specifications B 16/B 16M, B 21/B 21M, B 98/B 98M, B 138/
B 138M, B 139/B 139M, B 140/B 140M, B 150, B 151/B 151M, B 196/B 196M,

B 301/B 301M, B 371, B 411/B 411M, B 441, and B 453/B 453M.)

Rod: drawn up to 2 [600] 1⁄32 [0.80]
incl 2 to 5 [600 to 1500] 1⁄32 in any 2-ft portion [0.80 in

any 600-mm portion]A

incl 5 to 10 [1500 to 3000] 1⁄8 in any 5-ft portion [3.0 in
any 1500-mm portion]A

10 [3000] and over 1⁄2 in any 10-ft portion [12 in
any 3000-mm portion]A

Bar and shapes
(rolled or drawn)

6 [2000] and over 1⁄2in any 6-ft portion [12 in any
2000-mm portion]A,B

DRAWN ROD—FOR AUTOMATIC SCREW MACHINE USE

(Applicable to Specifications B 16/B 16M, B 140/B 140M, B 301/B 301M, and
B 453/B 453M.)

Round only:
Under 1⁄4 [6.35] 10 [3000] and over 1⁄2 in any 10-ft portion [12 in

any 3000-mm portion]A
1⁄4 [6.35] and over 10 [3000] and over 1⁄4 in any 10-ft portion [6.35 in

any 3000-mm portion]A

Local departure from
straightness, 1⁄4

[6.35] and
over only

... 1⁄64 in any 1-ft portion of
the total length [0.40 in any
300-mm portion of the total
length]

Hexagonal and
octagonal:
Under 1⁄4 [6.35] 10 [3000] and over 1⁄2 in any 10-ft portion [12.7 in

any 3000-mm portion]A
1⁄4 [6.35] and over 10 [3000] and over 3⁄8 in any 10-ft portion [9.5 in

any 3000-mm portion]A

A Of total length.
B Applicable to any longitudinal surface or edge.

TABLE 17 Straightness Tolerances for Shafting
(Applicable to Specifications B 21/B 21M, B 138/B 138M, B 139/

B 139M, and B 150.)

Length of Shaft, ft [mm]

Maximum Permissible
Departure from Straightness

of Either Center or End
Portions, in. [mm]

Minimum Diameter
Applicable for Length

Indicated, in. [mm]

Up to 6 [2000], incl 0.005 [0.13] 1⁄2 [12]
7 [1750] 0.007 [0.18] 1⁄2 [12]
8 [2400] 0.009 [0.23] 1⁄2 [12]
9 [2750] 0.012 [0.30] 1⁄2 [12]

10 [3050] 0.014 [0.36] 1⁄2 [12]
11 [3350] 0.017 [0.43] 1⁄2 [12]
12 [3650] 0.020 [0.50] 1⁄2 [12]
14 [4250] 0.028 [0.63] 5⁄8 [16]
16 [4875] 0.036 [0.91] 3⁄4 [20]
18 [5500] 0.045 [1.14] 1 [25]
20 [6100] 0.055 [1.4] 11⁄4 [30]
22 [6700] 0.068 [1.73] 11⁄2 [40]
24 [7300] 0.078 [2.00] 13⁄4 [44]
26 [7900] 0.094 [2.38] 2 [50]

TABLE 18 Tolerances for Rounded Corner Hexagons and
Octagons

Distance Between
Parallel Faces, in. [mm]

Tolerances on Distance Across Corners
(Plus and Minus), in. [mm]

Up to 11⁄16 [17.3], incl 0.008 [0.20]
Over 11⁄16 to 2 [17.3 to 50], incl 0.010 [0.25]
Over 2 [50] 0.5 %
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8.2.2.2 When samples are taken from semifinished product,
a sample shall be taken to represent each 10 000 lbs [5000 kg],
or fraction thereof, except that not more than one sample shall
be required per piece.

8.2.2.3 Only one sample need be taken from the semifin-
ished product of one cast bar from a single melt charge
continuously processed.

8.3 Samples for All Other Tests—Samples for all other tests
shall be taken from the sample portions selected in 8.1.2 and be
of a convenient size to accommodate the test and comply with
the requirements of the appropriate product specification and
test method.

9. Number of Tests and Retests

9.1 Tests:
9.1.1 Chemical Analysis—Chemical composition shall be

determined as the per element mean of results from at least two
replicate analyses of the sample(s) and the results of each
replication shall meet the requirements of the product specifi-
cation.

9.1.2 Tensile Strength, Grain Size, Electrical Resistivity—
The test results for each individual test specimen shall be

reported as the average of results obtained from specimens
prepared from each of two pieces selected in 8.1.2 and each
specimen must meet the requirements of the product specifi-
cation. In the case of copper-beryllium alloy, two specimens
shall be taken for each required test. One specimen from each
piece shall be tested without further treatment, and the other
specimen shall be tested after precipitation heat treatment.

9.1.2.1 Rockwell Hardness—The value of the hardness
number of each specimen shall be established as the arithmeti-
cal average of at least three readings and each specimen must
meet the requirements of the product specification.

9.1.2.2 Bend, Cuprous Oxide (Hydrogen Embrittlement Sus-
ceptibility), and Mercurous Nitrate Tests—All specimens
tested must meet the product requirements to qualify for
specification conformance.

9.1.3 Other Requirements—At least two specimens shall be
subjected to test for each of the other requirements and each
specimen shall conform to the test requirements.

9.2 Retests:
9.2.1 When requested by the manufacturer or supplier, a

retest shall be permitted when test results obtained by the
purchaser fail to conform with the product specification re-
quirement(s).

9.2.2 Retesting shall be as directed in the product specifi-
cation for the initial test except for the number of test
specimens which shall be twice that normally required for the
test. Test results for all specimens shall conform to the product
specification requirement(s) in retest and failure to comply
shall be cause for lot rejection.

10. Specimen Preparation

10.1 Chemical Analysis—Sample preparation shall be in
accordance with Practice E 255.

10.1.1 Analytical specimen preparation shall be the respon-
sibility of the reporting laboratory.

10.2 Tensile Test—The test specimen shall conform to the
requirements prescribed for the particular product in the Test
Specimen Section of Test Methods E 8 and E 8M (see Round
Specimens; Specimens for Wire, Rod, and Bar; Specimens for
Rectangular Bar; or Specimens for Shapes Structure or Other).
Unless specified, tensile testing may be performed on unma-
chined samples by using the maximum gage length extensom-
eters that will fit between the gripping devices. The testing
facility must be able to demonstrate that there is no statistically
significant difference between the unmachined test results and
the standard test method defined in Test Methods E 8. Statis-
tical significance testing must follow Practice D 4855.

10.3 Grain Size—The test specimen shall be prepared in
accordance with Practice E 3.

10.4 Rockwell Hardness—The test specimen shall be of a
size and shape to permit testing by the available test equipment
and shall be taken to permit testing in a plane parallel or
perpendicular to the direction of deformation given to the
product.

10.4.1 The surface of the test specimen shall be sufficiently
smooth and even to permit the accurate determination of
hardness.

NOTE 1—The arc shall not necessarily be tangent at PointsA but the
product shall be commercially free from sharp, rough, or projecting edges.

FIG. 1 Rounded Corners

NOTE 1—The arc shall be substantially symmetrical with the axis of the
product. The corners,A, will usually be sharp but shall not have rough or
projecting edges.

FIG. 2 Rounded Edge

NOTE 1—The arc shall not necessarily be tangent at PointsA but shall
be substantially symmetrical with the axis of the product, and the product
shall be commercially free from sharp, rough, or projecting edges.

FIG. 3 Full Rounded Edge
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10.4.2 The specimen shall be free of scale and foreign
matter and care shall be taken to avoid any change in condition,
that is, heating or cold work.

10.5 Electrical Resistivity—Test specimens are to be full
size where practical and shall be the full cross section of the
material it represents.

10.5.1 When the test specimen is cut from material in bulk,
care shall be taken that the properties are not appreciably
altered in the preparation. Plastic deformation may work
harden a material and tend to raise the resistivity, while heating
tends to anneal the material with a consequent reduction in
resistivity.

10.5.2 When necessary, products are to be rolled or cold-
drawn to a wire approximately 0.080 in. (12 gage AWG) (2.0
mm) and at least 160 in. [4000 mm] in length. The specimen
shall be annealed at approximately 9356 10°F [5006 20°C]
for 30 min in an inert atmosphere and cooled to ambient
temperature in the inert atmosphere.

10.5.3 For heat-treatable material, diameter and heat treat-
ment shall be agreed upon between the manufacturer and the
purchaser.

10.6 Mercurous Nitrate Test—Test specimens shall conform
to the requirements of Test Method B 154.

10.6.1 The specimen shall be obtained without bending,
springing, polishing, or any other preparation.

10.7 Determination of Cuprous Oxide (Hydrogen Embrittle-
ment Susceptibility) in Copper—Test specimen shall conform
to the appropriate requirements of the Test Specimen Section
of Test Methods B 577.

10.8 Bend Test:
10.8.1 The test specimen shall be prepared in accordance

with Test Method E 290.
10.8.2 When impractical to test full-size specimens but

practical to test full-thickness specimens from material not
exceeding 11⁄2 in. [40 mm] in nominal thickness, the specimens
shall be of the thickness of the material and the ratio of width
to thickness shall be 2:1, provided the width is not less than3⁄4
in. [20 mm].

10.8.3 When material exceeds1⁄2 in. [10 mm] in thickness
diameter, or distance across flats, the specimen may be
machined when full-section or full-thickness specimen are not
used. The diameter or thickness of the specimen shall be at
least 1⁄2 in. [10 mm] and the ratio of width to thickness of
rectangular specimens shall be 2:1. In rectangular specimens of
reduced thickness, the outside or tension surface shall be an as
fabricated surface.

10.9 Should any test specimen show defective machining or
develop flaws, it may be discarded and another specimen
substituted.

11. Test Methods

11.1 The test method(s) used for quality control or produc-
tion control, or both, for the determination of conformance
with product property requirements are discretionary.

11.1.1 The test method(s) used to obtain data for the
preparation of certification or test report, or both, shall be made
available to the purchaser on request.

11.2 Chemical Composition:

11.2.1 In case of dispute, an applicable test method may be
found in the following documents: Test Methods E 53, E 54,
E 62, E 75, E 76, E 118, E 121, E 478, and E 581.

11.2.1.1 The specific method to be used for each specified
element shall be prescribed in the product specification.

11.2.1.2 The test methods for the determination of compo-
sition for copper-beryllium alloys shall be as described in
Annex A1 of Specification B 194.

11.2.2 The method(s) to be used for the determination of
element(s) resulting from contractual or purchase order agree-
ment shall be as agreed upon between the manufacturer or
supplier and the purchaser.

11.3 Other Tests:
11.3.1 The product in final form shall conform with physi-

cal, mechanical, and other requirements specified in the prod-
uct specification when subjected to test in accordance with the
appropriate test method in the following table:

Test Test Methods

Grain size E 112
Electrical resistivity B 193
Tensile E 8/E 8M
Rockwell hardness E 18
Hydrogen embrittlement B 577
Semi-guided bend E 290

11.3.2 Grain Size—The intercept method shall be used to
determine grain size in case of dispute.

11.3.3 Electrical Resistivity—The limit of measurement
uncertainty for Test Method B 193 shall be60.30 % as a
routine method and60.15 % as an umpire method.

11.3.4 Tensile:
11.3.4.1 The method to be used for determining yield

strength shall be specified in the product specification.
11.3.4.2 Elongation shall be determined in accordance with

the first two paragraphs of the subsection entitled “Elongation”
of the Procedure section of Test Methods E 8 and E 8M.

11.3.4.3 Whenever test results are obtained from both full-
size and machined specimens and they differ, the test results
from the full-size specimens shall prevail.

11.3.4.4 Test results are not seriously affected by variations
in speed of testing. A considerable range of testing speed is
permitted; however, the rate of stressing to the yield strength
should not exceed 100 ksi/min. Above the yield strength the
movement per minute of the testing machine head under load
should not exceed 0.5 in./in. or gage length (or distance
between grips for full-section specimens).

11.3.5 Rockwell Hardness—Special attention should be
given the Standardizing Machine section of Test Methods E 18.

11.3.6 Hydrogen Embrittlement—In case of dispute, Proce-
dure C, Closed Bend Test, of Test Methods B 577 shall be used.

11.4 The product shall meet the performance requirements
of the product specification when subjected to the following
test as required:

11.4.1 Mercurous Nitrate Test—The material shall be sub-
jected to test in accordance with Test Method B 154.

11.4.2 Ammonia Vapor Test—The material shall be sub-
jected to test in accordance with Test Method B 858 in lieu of
Test Method B 154 when agreed upon between supplier and
purchaser. If the pH value is not specified in the product
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specification, it shall be established per agreement between the
supplier and purchaser.

11.4.3 Semiguided Bend Test—The mandrel radius and bend
angle shall be specified in the product specification. When the
test specimen has been machined, the retained original surface
shall constitute the outer periphery of the bend that shall be
made on a radius equal to that dimension of the machined
radial to the bend.

12. Significance of Numerical Limits

12.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property Rounded Unit for Observed or
Calculated Value

Chemical composition
nearest unit in the last right-hand significant-

digit used in expressing the limiting value
Hardness
Electrical resistivity

Tensile strength
nearest ksiYield strength

Elongation:
Below 5 % nearest multiple of 0.5 %
5 % and over nearest 1 %

Grain size:
Up to 0.055 mm, incl nearest multiple of 0.005 mm
Over 0.055 to 0.160 nearest 0.01 mm
mm, incl

13. Inspection

13.1 The manufacturer shall inspect and make tests neces-
sary to verify that the product furnished conforms to the
requirements prescribed in the product specification.

13.2 Source inspection of the material by the purchaser may
be agreed upon between the manufacturer, or supplier, and the
purchaser as part of the purchase order. In which case, the
nature of the facilities needed to satisfy the inspector repre-
senting the purchaser that the product is being furnished in
accordance with the product specification shall be included in
the agreement. All tests and the inspection shall be conducted
so as not to interfere unnecessarily with the operations of the
works.

13.3 The manufacturer, or supplier, and the purchaser may
accomplish the final inspection simultaneously by mutual
agreement.

14. Rejection and Rehearing

14.1 Rejection:

14.1.1 Product that fails to conform to the requirements of
the product specification may be rejected.

14.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly and in writing.

14.1.3 In case of disagreement or dissatisfaction with the
results of the test upon which rejection was based, the
manufacturer or supplier may make claim for a rehearing.

14.2 Rehearing:
14.2.1 As a result of product rejection, the manufacturer or

supplier may make claim for retest to be conducted by the
manufacturer or supplier and the purchaser. Samples of the
rejected product shall be taken in accordance with the product
specification and tested by both parties as directed in the
product specification, or, alternatively, upon agreement by both
parties, an independent laboratory may be selected for the tests
using the test methods prescribed in the specification.

15. Certification

15.1 When specified in the purchase order or contract, the
purchaser shall be furnished certification that samples repre-
senting each lot have been tested and inspected as directed in
the product specification and the requirements have been met.

15.2 Certification is mandatory for product purchased for
ASME Boiler and Pressure Code application.

16. Mill Test Report

16.1 When specified in the purchase order or contract, the
manufacturer or supplier shall furnish to the purchaser a
manufacturer’s test report showing the results of the required
tests.

17. Packaging and Package Marking

17.1 Packaging:
17.1.1 The material shall be separated by size, composition,

and temper and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from normal hazards of transportation.

17.2 Package Marking:
17.2.1 Each shipping unit shall be legibly marked with the

purchase order number, metal or alloy designation, temper,
size, shape, gross and net weight, and name of supplier or
manufacturer. The specification number shall be shown when
specified.

18. Keywords

18.1 bar, general requirements; bar, rod, shapes, general
requirements; rod, general requirements; shape, general
requirements
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:13

Fed. Std. No. 102 Preservation, Packaging, and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standards:13

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:13

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements

unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to ensure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade or class, and shall be preserved and
packaged, Level A or C, packed Level A, B, or C, as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

13 Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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APPENDIX

(Nonmandatory Information)

X1. STANDARD DENSITIES

X1.1 For purposes of calculating weights, cross sections,
and so forth, the densities of the coppers and copper alloys

covered by the specifications listed in Section 1 shall be taken
as follows:

ASTM Designation Material
Copper or Copper Alloy

UNS No.
Density,

lb/in.3 [g/cm3]

B 16/B 16M free-cutting brass C36000 0.307 [8.50]

B 21/B 21M naval brass C46200
C46400
C48200
C48500

0.305 [8.44]
0.304 [8.41]
0.305 [8.42]
0.305 [8.41]

B 98/B 98M copper-silicon alloy C65100
C65500
C65800
C66100

0.316 [8.75]
0.308 [8.53]
0.308 [8.53]
0.308 [8.53]

B 124/B 124M copper C11000 0.323 [8.94]
copper-tellurium C14500 0.323 [8.94]
copper-sulfur C14700 0.323 [8.94]
forging brass C37700 0.305 [8.44]
naval brass C46400 0.304 [8.41]
medium leaded naval brass C48200 0.305 [8.44]
leaded naval brass C48500 0.305 [8.44]
aluminum-bronze
aluminum-bronze, 9 %

C61900
C62300

0.271 [7.5]
0.277 [7.66]

aluminum-nickel bronze C63000 0.274 [7.58]
aluminum-silicon bronze C64200 0.278 [7.69]
aluminum-silicon bronze, 6.7 % C64210 0.278 [7.69]
high-silicon bronze (A) C65500 0.308 [8.53]
manganese bronze (A) C67500 0.302 [8.36]
nickel silver, 45-10 C77400 0.306 [8.47]

B 138/B 138M manganese bronze C67000
C67500

0.286 [7.92]
0.302 [8.36]

B 139/B 139M phosphor bronze C51000 0.320 [8.86]
C52100 0.318 [8.80]
C52400 0.317 [8.77]
C53400 0.322 [8.91]
C54400 0.320 [8.86]

B 140/B 140M leaded red brass C31400
C31600
C32000

0.319 [8.83]
0.320 [8.86]
0.317 [8.77]

B 150 aluminum bronze
aluminum bronze

C61300
C61400

0.285 [7.89]
0.285 [7.89]

aluminum bronze C61900 0.270 [7.5]
aluminum bronze, 9% C62300 0.276 [7.66]
aluminum bronze C62400 0.269 [7.45]
aluminum-nickel bronze C63000 0.274 [7.58]
aluminum-nickel bronze C63200 0.276 [7.64]
aluminum-silicon bronze C64200 0.278 [7.69]
aluminum-silicon bronze, 6.7 % C64210 0.278 [7.69]

B 151/B 151M copper-nickel-zinc alloy (nickel silver) and copper-nickel alloy C70600 0.323 [8.94]
C71500 0.323 [8.94]
C72000 0.323 [8.94]
C74500 0.313 [8.86]
C75200 0.317 [8.77]
C75700 0.314 [8.69]
C76400 0.315 [8.72]
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ASTM Designation Material
Copper or Copper Alloy

UNS No.
Density,

lb/in.3 [g/cm3]

C77000 0.314 [8.69]
C79200 0.314 [8.69]
C79400 0.317 [8.77]

B 187 copper:
deoxidized and oxygen-free
other classifications

. . .

. . .
0.323 [8.94]
0.321 [8.89]

B 196/B 196M copper-beryllium alloy C17000
C17200
C17300

0.297 [8.22]
0.297 [8.22]
0.297 [8.22]

B 301/B 301M free-cutting copper C14500 0.323 [8.94]
C14700 0.323 [8.94]
C14710 0.323 [8.94]
C14720 0.323 [8.94]
C18700 0.323 [8.94]

B 371 copper-zinc-silicon alloy C69400
C69700

0.296 [8.94]
0.300 [8.19]

B 411/B 411M copper-nickel-silicon alloy C64700 0.322 [8.91]

B 441 copper-cobalt-beryllium
copper-nickel-beryllium

C17500
C17510

0.316 [8.75]
0.316 [8.75]

B 453/B 453M copper-zinc-lead (leaded brass) C33500 0.306 [8.47]
C34000 0.306 [8.47]
C34500 0.306 [8.47]
C35000 0.305 [8.44]
C35300 0.306 [8.47]
C35600 0.307 [8.50]

B 455 copper-zinc-lead (leaded brass) C38000
C38500

0.305 [8.44]
0.306 [8.47]

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 249/B 249M – 01) that may impact the use of this standard.

(1) In Section 6, references for Specifications B 196/B 196M
and B 441 were added to match Table 5.

(2) In Table 8, Alloy C65100 and Specification B 124/B 124M
were added to match the description in Section 6.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 250/B 250M – 01

Standard Specification for
General Requirements for Wrought Copper Alloy Wire 1

This standard is issued under the fixed designation B 250/B 250M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes requirements common to
wrought copper alloy wire and shall apply to Specifications
B 16/B 16M, B 99/B 99M, B 134/B 134M, B 159/B 159M,
B 197/B 197M, B 206/B 206M, B 272, and B 301/B 301M to
the extent referenced therein.

1.2 The chemical composition, physical and mechanical
properties, and all other requirements not included in this
specification shall be prescribed in the product specification.

1.3 Units—The values stated in either SI units or inch-
pound units are to be regarded separately as standard. The
values stated in each system may not be exact equivalents;
therefore, each system shall be used independently of the other.
Combining values from the two systems may result in non-
conformance with the standard.

2. Referenced Documents

2.1 ASTM Standards:
B 16/B 16M Specification for Free-Cutting Brass Rod, Bar,

and Shapes for Use in Screw Machines2

B 99/B 99M Specification for Copper-Silicon Alloy Wire
for General Applications2

B 134/B 134M Specification for Brass Wire2

B 159/B 159M Specification for Phosphor Bronze Wire2

B 193 Test Method for Resistivity of Electrical Conductor
Materials3

B 194 Copper-Beryllium Alloy Plate, Strip, Sheet, and
Rolled Bar2

B 197/B 197M Specification for Copper-Beryllium Alloy
Wire2

B 206/B 206M Specification for Copper-Nickel-Zinc Alloy
(Nickel Silver) Wire and Copper-Nickel Alloy Wire2

B 272 Specification for Copper Flat Products with Finished
(Rolled or Drawn) Edges (Flat Wire and Strip)2

B 301/B 301M Specification for Free-Cutting Copper Rod
and Bar2

B 846 Terminology for Copper and Copper Alloys2

E 3 Practice for Preparation of Metallographic Specimens4

E 8 Test Methods for Tension Testing of Metallic Materials4

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 18M Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials [Metric]4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes6

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)6

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys6

E 112 Test Methods for Determining Average Grain Size4

E 118 Test Methods for Chemical Analysis of Copper-
Chromium Alloys6

E 121 Test Methods for Chemical Analysis of Copper-
Tellurium Alloys6

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition6

E 478 Test Methods for Chemical Analysis of Copper
Alloys7

E 581 Test Methods for Chemical Analysis of Manganese-
Copper Alloys7

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

4. Materials and Manufacture

4.1 Materials:
4.1.1 The materials shall conform to the published compo-

sitional requirements of the Copper Alloy UNS No. designa-
tion specified in the ordering information.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved Nov. 10, 2001. Published February 2002. Originally
published as B 250 – 51 T. Last previous edition B 250 – 95.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 02.03.

4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



4.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 1—Because of the discontinuous nature of the processing of
castings into wrought products, it is not always practical to identify
specific casting analysis with a specific quantity of finished material.

4.2 Manufacture:
4.2.1 The material shall be produced by either hot- or

cold-working operations, or both. It shall be finished, unless
otherwise specified, by such cold working and annealing or
heat treatment as may be necessary to meet the properties
specified.

4.2.2 Edges—The edges shall be drawn, extruded, or rolled:
refer to Dimensions and Permissible Variations section.

5. Chemical Composition

5.1 The material of manufacture shall conform to the
chemical composition requirements prescribed in the product
specification.

5.1.1 When a product (check) sample is analyzed by the
purchaser, the material shall conform to the chemical compo-
sition requirements within the permitted analytical variance
given in the product specification.

5.2 The chemical compositional limits established for the
Copper Alloy UNS No. designation specified in the product
specification does not preclude the presence of other elements.
Limits may be established and analysis required for unnamed
elements by agreement between the manufacturer or supplier
and the purchaser.

5.3 When chemical composition has been determined dur-
ing the course of manufacture, analysis of the finished product
by the manufacturer is not required unless specifically stipu-
lated in the contract or purchase order.

6. Dimensions and Permissible Variations

6.1 General—For the purpose of determining conformance
with the dimensional requirements prescribed in this specifi-
cation, any measured value outside the specified limiting value
for any dimension may be cause for rejection.

NOTE 2—Blank spaces in the tolerance tables indicate either that the
material is not generally available or that no tolerances have been
established.

6.2 Diameter or Distance Between Parallel Surfaces—The
method of specifying wire diameter or distances between
parallel surfaces shall be in decimal fractions of an inch or in
millimetres. The tolerances shall be that shown in Table 1 and
Table 2 for the product specification indicated.

Table 1—Tolerances for diameter or distances between
parallel surfaces of wire applicable to Specifications B 16/
B 16M, B 99/B 99M (Alloy C65100) and B 134/B 134M.

Table 2—Tolerances for diameter or distances between
parallel surfaces of wire applicable to Specifications B 99/
B 99M (Alloy C65500), B 159/B 159M, B 197/B 197M,
B 206/B 206M, and B 301/B 301M.

6.3 Thickness—The method of specifying thickness of wire
shall be in decimal fractions of an inch or in mm. The

tolerances shall be shown in Table 3 and Table 4 for the product
specification indicated:

Table 3—Thickness for flat (rectangular and square) wire
applicable to Specification B 134/B 134M.

Table 4—Thickness tolerance for flat (rectangular and
square) wire applicable to Specifications B 159/B 159M,
B 197/B 197M, and B 206/B 206M.

6.4 Width—The method of specifying width shall be in
decimal fractions of an inch or in mm. The tolerances shall be
that shown in Table 5 and Table 6.

TABLE 1 Tolerances for Diameter or Distance Between Parallel
Surfaces of Wire

(Applicable to Specifications B 16/B 16M, B 99/B 99M Copper Alloy
UNS No. C65100, B 134/B 134M, and B 301/B 301M.)

Diameter or Distance
Between Parallel

Surfaces,
in. [mm]

Tolerances, Plus and MinusA

Round,
in. [mm]

Hexagonal, Octagonal,
in. [mm]

Up to 0.010 [0.25], incl 0.0001 [0.003] . . . . . .
Over 0.010–0.020 [0.25–0.50], incl 0.0002 [0.005] . . . . . .
Over 0.020–0.030 [0.50–0.75], incl 0.0003 [0.008] . . . . . .
Over 0.030–0.040 [0.75–1.0], incl 0.0004 [0.010] 0.0008 [0.020]
Over 0.040–0.050 [1.0–1.2], incl 0.0005 [0.013] 0.0010 [0.025]
Over 0.050–0.060 [1.2–1.5], incl 0.0006 [0.015] 0.0012 [0.030]
Over 0.060–0.080 [1.5–2.0], incl 0.0008 [0.020] 0.0016 [0.040]
Over 0.080–0.150 [2.0–3.8], incl 0.0010 [0.025] 0.002 [0.050]
Over 0.150–0.500 [3.8–12], incl 0.0015 [0.040] 0.003 [0.075]
Over 0.500–0.750 [12–20], incl 0.002 [0.050] 0.004 [0.10]

AIf tolerances are specified as all plus or all minus, double the values given.

TABLE 2 Tolerances for Diameter or Distance Between Parallel
Surfaces of Wire

(Applicable to Specifications B 99/B 99M Copper Alloy UNS No.
C65500, B 159/B 159M, B 197/B 197M, and B 206/B 206M.)

Diameter or Distance
Between Parallel

Surfaces,
in. [mm]

Tolerances, Plus and MinusA

Round,
in. [mm]

Hexagonal, Octagonal,
in. [mm]

Up to 0.010 [0.25], incl 0.0002 [0.005] . . . . . .
Over 0.010–0.020 [0.25–0.50], incl 0.0003 [0.008] . . . . . .
Over 0.020–0.030 [0.50–0.75], incl 0.0005 [0.013] . . . . . .
Over 0.030–0.040 [0.75–1.0], incl 0.0007 [0.018] 0.002 [0.020]
Over 0.040–0.050 [1.0–1.2], incl 0.0008 [0.020] 0.003 [0.025]
Over 0.050–0.060 [1.2–1.5], incl 0.0010 [0.025] 0.003 [0.030]
Over 0.060–0.080 [1.5–2.0], incl 0.0015 [0.040] 0.004 [0.040]
Over 0.080–0.150 [2.0–3.8], incl 0.002 [0.050] 0.004 [0.050]
Over 0.150–0.500 [3.8–12], incl 0.002 [0.050] 0.004 [0.075]
Over 0.500–0.750 [12–20], incl 0.003 [0.075] 0.005 [0.10]

TABLE 3 Thickness Tolerances for Flat (Rectangular and
Square) Wire

(Applicable to Specification B 134/B 134M.)

Thickness, in. [mm]

Thickness Tolerances, Plus and
Minus,A in. [mm] for Widths Given in

Inches [mm]

Up to 1⁄2 [12], incl
Over 1⁄2 [12] to 11⁄4

[32], incl

Up to 0.013 [0.33], incl 0.0010 [0.025] 0.0013 [0.033]
Over 0.013–0.050 [0.33–1.25], incl 0.0013 [0.033] 0.0015 [0.040]
Over 0.050–0.090 [1.25–2.30], incl 0.0015 [0.040] 0.002 [0.050]
Over 0.090–0.130 [2.30–3.30], incl 0.002 [0.050] 0.0025 [0.065]
Over 0.130–0.188 [3.30–4.80], incl 0.003 [0.075] 0.0035 [0.090]

AIf tolerances are specified as all plus or all minus, double the values given.
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Table 5—Width tolerances for flat (rectangular and square)
wire applicable to Specification B 134/B 134M.

Table 6—Width tolerances for flat (rectangular and square)
wire applicable to Specifications B 159/B 159M, B 197/
B 197M, and B 206/B 206M.

6.5 Length:
6.5.1 Round, hexagonal, and octagonal wire shall be fur-

nished in coils or reels, consisting of a single length as may be
agreed upon between the manufacturer and the purchaser.

6.5.2 Flat (rectangular and square) wire when furnished in
straight, specific, or stock lengths shall not exceed the toler-
ances in Table 7.

Table 7—Length tolerances for straight lengths, specific or
stock, of flat (rectangular or square) wire applicable to Speci-
fications B 134/B 134M, B 197/B 197M, and B 206/B 206M.

6.5.3 Stock lengths with short lengths included as specified
in Table 8 shall be furnished, unless the contract or purchase
order specifically states stock or specific lengths are required.

Table 8—Schedule of lengths, specific or stock, with ends,
for flat (rectangular or square) wire furnished in straight

lengths applicable to Specifications B 134/B 134M, B 197/
B 197M, and B 206/B 206M.

6.6 Straightness—For flat (rectangular and square) wire, the
deviation from straightness shall not exceed the limitations
specified in Table 9. To determine compliance with this
tolerance, the lengths shall, in case of disagreement, be
checked by placing the lengths on a level table so that the arc
or departure from straightness is horizontal. Measure the depth
of the arc to the nearest1⁄32 in. [1 mm] using a straight-edge.

6.7 Edge Contours—Flat (rectangular and square) wire
applicable to Specifications B 134/B 134M, B 197/B 197M,
and B 206/B 206M shall, unless otherwise specified in the
contract or purchase order, be finished with commercially
square corners with a maximum permissible radius of1⁄100 in.
[0.3 mm] for wire 1⁄32to 1⁄16 in. [1 to 1.5 mm] inclusive in
thickness, and of1⁄64 in. [0.4 mm] for wire over1⁄16 to 3⁄16 in.
[1.5 to 5 mm] inclusive in thickness.

6.7.1 Sharp Corners—When specified in the contract or
purchaser order, the corner radius shall be 0.003 in. [0.080

TABLE 4 Thickness Tolerances for Flat (Rectangular and
Square) Wire

(Applicable to Specifications B 159/B 159M, B 197/B 197M, and
B 206/B 206M.)

Thickness, in. [mm]

Thickness Tolerances, Plus and
Minus,A in. [mm] for Widths Given in

Inches [mm]

Up to 1⁄2 [12], incl
Over 1⁄2 to 11⁄4 [12

to 32], incl

Up to 0.050 [1.2], incl 0.0015 [0.040] 0.002 [0.050]
Over 0.050–0.090 [1.2–2.3], incl 0.002 [0.050] 0.003 [0.075]
Over 0.090–0.130 [2.3–3.3], incl 0.003 [0.075] 0.004 [0.10]
Over 0.130–0.188 [3.3–4.8], incl 0.004 [0.10] 0.0045 [0.11]

AIf tolerances are specified as all plus or all minus, double the values given.

TABLE 5 Width Tolerances for Flat (Rectangular) Wire
(Applicable to Specification B 134/B 134M.)

(For Square Wire Use Thickness Tolerances in Table 3.)

Width, in. [mm]
Tolerances, Plus and

Minus,A in. [mm]

Up to 0.050 [1.25], incl 0.0013 [0.025]
Over 0.050–0.090 [1.25–2.30], incl 0.0015 [0.040]
Over 0.090–0.130 [2.30–3.30], incl 0.002 [0.050]
Over 0.130–0.188 [3.30–4.80], incl 0.003 [0.075]
Over 0.188–0.500 [4.80–12.5], incl 0.0035 [0.090]
Over 0.500–1.25 [12.5–32.0], incl 0.005 [0.125]

AIf tolerances are specified as all plus or all minus, double the values given.

TABLE 6 Width Tolerances for Flat (Rectangular) Wire
(Applicable to Specifications B 159/B 159M, B 197/B 197M, and

B 206/B 206M.)
(For Square Wire Use Thickness Tolerances in Table 4.)

Width, in. [mm]
Tolerances, Plus and

Minus,A in. [mm]

Up to 0.050 [1.2], incl 0.0015 [0.040]
Over 0.050–0.090 [1.2–2.3], incl 0.002 [0.050]
Over 0.090–0.130 [2.3–3.3], incl 0.003 [0.075]
Over 0.130–0.188 [3.3–4.8], incl 0.004 [0.10]
Over 0.188–0.500 [4.8–12], incl 0.005 [0.13]
Over 0.500–1.25 [12–32], incl 0.007 [0.18]

AIf tolerances are specified as all plus or all minus, double the values given.

TABLE 7 Length Tolerances for Straight Lengths (Specific and
Stock) of Flat (Rectangular and Square) Wire

(Applicable to Specifications B 134/B 134M, B 159/B 159M, B 197/
B 197M, and B 206/B 206M.)

Lengths
Length Tolerances Applicable Only to

Full Length PiecesA in. [mm]

Specific lengths 3⁄8 [10]
Specific lengths with ends 1 [25]
Stock lengths with or without ends 1 [25]B

ATolerances are all plus; if all minus tolerances are desired, use the same
values; if tolerances plus and minus are desired, halve the values given.

BAs stock lengths are cut and placed in stock in advance of orders, departure
from this tolerance is not practicable.

TABLE 8 Schedule of Lengths (Specific and Stock) With Ends
for Flat (Rectangular and Square) Wire Furnished in Straight

Lengths
(Applicable to Specifications B 134/B 134M, B 159/B 159M, B 197/

B 197M, and B 206/B 206M.)

Nominal Length, ft [mm]
Shortest Permissible

LengthA (in % of
Nominal Length)

Maximum Permissible
Weight of Ends

(in % of Lot Weight)
6–14 [2000–4500], incl 75 20

AExpressed to the nearest 1⁄2 ft [150 mm].

TABLE 9 Straightness Tolerances for Flat (Rectangular and
Square) Wires

(Applicable Specifications B 134/B 134M, B 159/B 159M, B 197/
B 197M, and B 206/B 206M.)

Applicable to any longitudinal edge of material supplied in nominally
flat straight lengths and in rolls or on bucks.

For material having a cross-sectional
area of 0.010 in.2 [6.5 mm2] and
over and a thickness of 0.010 in.
[0.25 mm] and over, furnished
in straight lengths, in rolls or
on bucks

1⁄2 in. [12 mm] maximum edgewise
curvature (depth of arc) in any
6-ft [2000 mm] portion of the
total length

For material having a cross-sectional
area of less than 0.010 in.2

[6.5 mm2], or a thickness of less
than 0.010 in. [0.25 mm], and all
material furnished on reels or on
stagger wound rolls

No straightness tolerances established.
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mm] maximum on all sizes of wire up to and including 0.188
in. [5 mm] between flats.

6.7.2 Rounded Corners—When specified in the contract or
purchase order, wire over1⁄8 to 3⁄16 in. [3 to 5 mm], inclusive in
thickness may be finished with corners rounded as shown in
Fig. 1 to a quarter of a radius of1⁄32 in. [1 mm]. The tolerance
on the radius shall be625 %. Wire up to 1⁄8 in. [3 mm]
inclusive in thickness, may be finished with a full rounded edge
as described in 6.7.4.

6.7.3 Round Edge—When specified in the contract or pur-
chase order, wire may be finished with edges rounded as shown
in Fig. 2, the radius of curvature being 11⁄4 times the thickness
for flat wire with a thickness up to3⁄16 in. [5 mm] inclusive. The
tolerance on the radius is61⁄2 times the wire thickness.

6.7.4 Full Rounded Edge—When specified in the contract
or purchase order, wire may be finished with a substantially
uniform round edge, the radius of curvature being approxi-
mately1⁄2 the thickness of the wire, as shown in Fig. 3, but in
no case to exceed1⁄2 the thickness by more than 25 % (see also
Fig. 4).

7. Workmanship, Finish, and Appearance

7.1 Workmanship:
7.1.1 The product shall not have defects of a nature that

interfere with the intended applications. The product shall be
free of dirt.

7.2 Finish:
7.2.1 Necessary joints in the wire shall be made prior to

final drawing and in accordance with current practice.
7.3 Appearance:
7.3.1 The surface finish and appearance shall be the normal

quality for product ordered.
7.3.2 When application information is provided with the

contract or purchase order, the surface condition shall be
suitable for the application.

7.3.3 Superficial films of discoloration, such as lubricants or
tarnish inhibitors, are permissible unless otherwise specified.

8. Sampling

8.1 The lot size, portion size, and selection of sample pieces
shall be as follows:

8.1.1 Lot Size—An inspection lot shall be 10 000 lb [5000
kg] or less, of the same mill form, temper and nominal
dimensions, subject to inspection at one time, or shall be the
product of one cast bar from a single melt charge whose weight

shall not exceed 20 000 lb [10 000 kg] and that has been
continuously processed and subject to inspection at one time.

8.1.2 Portion Size—The portion shall be four or more
pieces selected so as to be representative of each lot. Should
the lot consist of less than five pieces, representative samples
shall be taken from each piece.

8.2 Chemical Analysis:
8.2.1 The sample for chemical analysis shall be taken in

accordance with Practice E 255 for product in the final form
from the pieces selected in 8.1.2 and combined into one
composite sample. The minimum weight of the composite
sample shall be 150 g.

8.2.2 Instead of sampling as directed in 8.2.1, the manufac-
turer shall have the option of sampling at the time castings are
poured or from the semifinished product. When samples are
taken during the course of manufacture, sampling of the
finished product by the manufacturer is not required. The
number of samples taken for the determination of composition
shall be as follows:

NOTE 1—The arc of the rounded corner shall not necessarily be tangent
at Points A, but the product shall be commercially free from sharp, rough,
or projecting edges.

FIG. 1 Rounded Corners

NOTE 1—The arc of the rounded edge shall not necessarily be tangent
at Points A, but shall be substantially symmetrical with the axis of the
product, and the product shall be commercially free from sharp, rough, or
projecting edges.

FIG. 2 Full Rounded Edge

NOTE 1—The arc of the rounded edge shall be substantially symmetri-
cal with the axis of the product. The Corners A will usually be sharp but
shall not have rough or projecting edges.

FIG. 3 Rounded Edge

NOTE 1—Any configuration within A is a corner radius.
FIG. 4 Corner Radius
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8.2.2.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured from the same source of molten metal.

8.2.2.2 When samples are taken from semifinished product,
a sample shall be taken to represent each 10 000 lb [5000 kg],
or fraction thereof, except that not more than one sample shall
be required per piece.

8.2.2.3 Only one sample need be taken from the semifin-
ished product of one cast bar from a single, continuously
processed melt charge.

8.3 Samples for All Other Tests—Samples for all other tests
shall be taken from the sample portions selected in 8.1.2 and be
of a convenient size to accommodate the test and comply with
the requirements of the appropriate product specification and
test method.

9. Number of Tests and Retests

9.1 Tests:
9.1.1 Chemical Analysis—Chemical composition shall be

determined as the per element mean of results from at least two
replicate analysis of the sample(s), and the results of each
replication shall meet the requirements of the product specifi-
cation.

9.1.2 Other Tests:
9.1.2.1 Tensile, Grain Size, and Electrical Resistivity—

These tests shall be reported as the average of results obtained
from specimens prepared from each of two pieces selected in
8.1.2, and each specimen shall meet the requirements of the
product specification. In the case of copper-beryllium alloy,
two specimens shall be taken for each required test from each
of the two sample pieces selected. One specimen from each
piece shall be tested without further treatment, and the other
two specimens shall be tested after precipitation hardening.

9.1.2.2 Rockwell Hardness—The value of the hardness
number of each specimen shall be established as the arithmeti-
cal average of at least three readings, and each specimen shall
meet the requirements of the product specification.

9.1.2.3 Bend and Hydrogen Embrittlement Tests—At least
two individual specimens shall be subjected to test for each
requirement and each specimen shall conform to the test
requirement.

9.2 Retests:
9.2.1 When requested by the manufacturer or supplier, a

retest shall be permitted when test results obtained by the
purchaser fail to conform with the product specification re-
quirement(s).

9.2.2 Retesting shall be as directed in the product specifi-
cation for the initial test except for the number of test
specimens which shall be twice that normally required for the
test. Test results for all specimens shall conform to the product
specification requirement(s) in retest, and failure to comply
shall be cause for lot rejection.

9.2.3 Chemical Analysis—If one, or more, of the elements
with specified limits fail to meet the compositional requirement
of the product specification when determined from the sample
prepared in accordance with Practice E 255, one retest cycle
shall be permitted with a second composite sample prepared in
accordance with Practice E 255.

9.2.4 Other Tests—If a test specimen fails to conform to a
test requirement of the product specification, one recycle test
shall be permitted with specimens prepared from two of the
remaining pieces of the finished product selected in 8.1.2.

9.2.4.1 If the percent elongation of any tensile test-specimen
is less than that specified and any part of the fracture is outside
of the middle two thirds of the gage length or in a punched or
scribed mark within the reduced section, a retest shall be
allowed.

9.3 All test specimens shall conform to the product speci-
fication requirements in retest. Failure to comply shall be cause
for rejection.

10. Specimen Preparation

10.1 Chemical Analysis—Sample preparation shall be in
accordance with Practice E 255.

10.1.1 Analytical specimen preparation shall be the respon-
sibility of the reporting laboratory.

10.2 Tensile Test—The test specimen shall conform to the
requirements prescribed for the product in the Test Specimen
Section of Test Methods E 8 or E 8M. (Round specimens:
specimens for wire, rod, and bar).

10.3 Grain Size—The test specimen shall be prepared in
accordance with Practice E 3.

10.4 Rockwell Hardness—The test specimen shall be of a
size and shape to permit testing by the available test equipment
and shall be taken to permit testing in a plane parallel or
perpendicular to the direction of deformation given to the
product.

10.4.1 The surface of the test specimen shall be sufficiently
smooth and even to permit the accurate determination of
hardness.

10.4.2 The specimen shall be free of scale and foreign
matter and care shall be taken to avoid any change in condition,
that is, heating or cold working.

10.5 Electrical Resistivity—Test specimens are to be full
size where practical and shall be the full cross section of the
material it represents.

10.5.1 When the test specimen is cut from material in bulk,
care should be taken that the properties are not appreciably
altered in the preparation. Plastic deformation may work
harden a material and tend to raise the resistivity, while heating
tends to anneal the material with a consequent reduction in
resistivity.

10.5.2 When necessary, products are to be rolled or cold
drawn to a wire approximately 0.080 in. [2 mm] (12 gage
AWG) and at least 180 in. [4 500 mm] in length. The specimen
shall be annealed at approximately 935°F [500°C] for 30 min
in an inert atmosphere and cooled to ambient temperature in
the same inert atmosphere.

10.5.3 For heat-treatable material, diameter and heat treat-
ment shall be agreed upon between the manufacturer and
purchaser.

10.6 Should any test specimen show defective machining or
develop flaws, it may be discarded and another specimen
substituted.

10.7 Bend Test:
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10.7.1 The specimen shall be of a length sufficient for the
test. The preparation of copper-beryllium test specimens shall
be as prescribed in the product specification to which the item
is being produced.

11. Test Methods

11.1 The test methods used for quality control or production
control, or both, for the determination of conformance with
product property requirements are discretionary.

11.1.1 The test method(s) used to obtain data for the
preparation of certification or test report, or both, shall be made
available to the purchaser on request.

11.2 Chemical Composition:
11.2.1 In case of disagreement, an applicable test method

may be found in the following documents: E 54, E 62, E 75,
E 118, E 121, E 478, and E 581.

11.2.1.1 The specific test method to be used for each
specified element shall be referenced, or given, in the product
specification.

11.2.1.2 The test methods for the determination of compo-
sition for copper-beryllium alloys shall be as described in
Annex A1 of Specification B 194.

11.2.2 The test method(s) used for the determination of
element(s) required by contractual or purchase order agreement
shall be as agreed upon between the manufacturer or supplier
and the purchaser.

11.3 Other Tests:
11.3.1 The product in final form shall conform with physi-

cal, mechanical, and other requirements specified in the prod-
uct specification when subjected to test in accordance with the
appropriate method in the following table:

Test Test Methods

Tensile E 8 or E 8M
Rockwell hardness E 18 or E 18M
Grain size E 112
Electrical resistivity B 193
Bend Section 11.3.5
Corner radius Section 11.3.6

11.3.2 Tensile:
11.3.2.1 The test method to be used for determining yield

strength shall be specified in the product specification.
11.3.2.2 Elongation shall be determined in accordance with

the first two paragraphs of the subsection titled “Elongation” of
the Procedure section of Test Methods E 8 or E 8M.

11.3.2.3 Whenever test results are obtained from both full-
size and machined specimens and they differ, the test results
from the full-size specimens shall prevail.

11.3.2.4 Test results are not seriously affected by variations
in speed of testing. A considerable range of testing speed is
permitted; however, the rate of stressing to the yield strength
should not exceed 100 ksi/min [690 MPa/min]. Above the yield
strength the movement per minute of the testing machine head
under load should not exceed 0.5 in./in. [0.5 mm/mm] of gage
length or distance between grips for full-section specimens.

11.3.3 Grain Size—In case of dispute, the intercept proce-
dure shall be used.

11.3.4 Electrical Resistivity—The limit of measurement
uncertainty for Test Method B 193 shall be60.15 % as an
umpire method and60.30 % as a routine method.

11.3.5 Bend Test—The specimens shall be bent cold over a
mandrel radius and to the bend requirements prescribed in the
product specification.

11.3.6 Corner Radius—Square or rectangular wire shall be
measured by transverse sectioning and optically measuring the
radius at 403 magnification; refer to Fig. 4.

12. Significance of Numerical Limits

12.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or calculated value shall be
rounded as indicated in accordance with the rounding method
of Practice E 29.

Property
Rounded Unit for Observed

or Calculated Value

Dimensions
Chemical composition
Hardness
Electrical resistivity

nearest unit in the last
righthand significant
digit used in expressing
the limiting value

Tensile strength
Yield strength

nearest ksi [5 MPa]
nearest ksi

Elongation
Below 5 % nearest multiple of 0.5 %
5 % and over nearest 1 %

Grain size
Under 0.060 mm nearest multiple of 0.005 mm
0.060 mm and over nearest 0.01 mm

13. Inspection

13.1 The manufacturer shall inspect and make tests neces-
sary to verify that the product furnished conforms to the
requirements prescribed in the product specification.

13.2 Source inspection of the material by the purchaser may
be agreed upon between the manufacturer, or supplier, and the
purchaser as part of the purchase order; in which case the
nature of the facilities needed to satisfy the inspector repre-
senting the purchaser that the product is being furnished in
accordance with the product specification shall be included in
the agreement. All tests and the inspection shall be conducted
so as not to interfere unnecessarily with the operations of the
works.

13.3 The manufacturer, or supplier, and the purchaser may
accomplish the final inspection simultaneously by mutual
agreement.

14. Rejection and Rehearing

14.1 Rejection:
14.1.1 Material that fails to conform to the specified require-

ment is subject to rejection.
14.1.2 Rejection shall be reported to the manufacturer, or

supplier, promptly and in writing.
14.1.3 In case of disagreement or dissatisfaction with results

of the test on which rejection was based, the manufacturer or
supplier may make claim for a rehearing.

14.2 Rehearing:
14.2.1 As a result of product rejection, the manufacturer or

supplier may make claim for retest to be conducted by the
manufacturer or supplier and the purchaser. Samples of the
rejected product shall be taken in accordance with the product
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specification and tested by both parties as directed in the
product specification, or, alternatively, upon agreement by both
parties, an independent laboratory may be selected for the tests
using the test methods prescribed in the product specification.

15. Certification

15.1 When specified in the contract or purchase order, a
manufacturer’s certificate of compliance shall be furnished to
the purchaser stating that each lot purchased has been sampled,
tested, and inspected in accordance with the product specifi-
cation and the requirements have been met.

16. Mill Test Report

16.1 When specified in the purchase order or contract, the
manufacturer or supplier shall furnish to the purchaser a
manufacturer’s test report showing the results of the required
tests.

17. Packaging and Package Marking

17.1 Packaging:
17.1.1 The product shall be separated by size, composition,

and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

17.2 Package Marking:
17.2.1 Each shipping unit shall be legibly marked with the

purchase order number, metal or alloy designation, temper,
size, shape, gross and net weight, and name of supplier or
manufacturer. The specification number shall be shown when
specified.

18. Keywords

18.1 copper-alloy wire; wire; wrought copper-alloy wire

SUPPLEMENTARY REQUIREMENTS

S1. Scope

S1.1 The following supplementary requirements shall apply
only when specified by the purchaser in the inquiry, contract or
order for agencies of the U.S. government.

S2. Referenced Documents

S2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S2.1.1 ASTM Standard:
B 900, Practice for Packaging of Copper and Copper Alloy

Mill Products for U.S. Government Agencies
S2.1.2 Federal Standards:8

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S2.1.3 Military Standard:8

MIL-STD-129 Marking for Shipment and Storage

S3. Quality Assurance

S3.1 Responsibility for Inspection:
S3.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the

manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S4. Identification Marking

S4.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S5. Preparation for Delivery

S5.1 Preservation, Packaging, Packing:
S5.1.1 Military Agencies—The material shall be separated

by size, composition, grade or class and shall be preserved and
packaged, Level A or C, packed Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of Practice B 900.

S5.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S5.2 Marking:
S5.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S5.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

8 Available from Standardization Documents Order Desk, Bldg 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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APPENDIX

(Nonmandatory Information)

X1. STANDARD DENSITIES

X1.1 The densities of the materials covered by the speci-
fications listed in Section 1 are as shown in Table X1.1.

TABLE X1.1 Densities

ASTM Designation Material
Copper
Alloy

UNS No.

Density
(lb/in.3)

Density
[g(sol)cm3]

B 16/B 16M free cutting brass C36000 0.307 [8.50]

B 99/B 99M copper-silicon alloy C65100 0.316 [8.75]
C65500 0.308 [8.53]

B 134/B 134M brass C21000 0.320 [8.86]
C22000 0.318 [8.80]
C23000 0.316 [8.75]
C24000 0.313 [8.67]
C26000 0.308 [8.53]
C27000 0.306 [8.47]
C27400 0.305 [8.44]

B 159/B 159M phosphor bronze C51000 0.320 [8.86]
C52100 0.318 [8.80]
C52400 0.317 [8.77]

B 197/B 197M copper-beryllium
alloy

C17200 0.297 [8.22]

B 197/B 197M leaded copper-beryllium
alloy

C17300 0.297 [8.22]

B 206/B 206M copper-nickel-zinc C71000 0.323 [8.94]
alloy (nickel silver) C74500 0.313 [8.66]

C75200 0.316 [8.75]
C75700 0.314 [8.69]
C76400 0.315 [8.72]
C77000 0.314 [8.69]
C79200 0.316 [8.72]

B 301/B 301M free-cutting copper C14500 0.323 [8.94]
C14510 0.323 [8.94]
C14520 0.323 [8.94]
C14700 0.323 [8.94]
C18700 0.323 [8.94]

SUMMARY OF CHANGES

Committee B05 has identified the location of specific changes to this standard since the publication of
B 250-95 and B 250M-95 that may impact the use of this standard.

(1) A comprehensive five-year review was conducted. The two
companion standards B 250 and B 250M were combined.
(2) References to Specification B 412 were removed, since
this standard has been withdrawn.

(3) References to B 301/B 301M were added.

(4) Terminology was withdrawn and reference made to Ter-
minology B 846.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 251 – 02 e1

Standard Specification for
General Requirements for Wrought Seamless Copper and
Copper-Alloy Tube 1

This standard is issued under the fixed designation B 251; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

e1 NOTE—Referenced Documents were editorially corrected in November 2003.

1. Scope*

1.1 This specification covers a group of general require-
ments common to several wrought product specifications.
Unless otherwise specified in the purchase order, or in an
individual specification, these general requirements shall apply
to copper and copper-alloy tube supplied under Specifications
B 68, B 75, B 135, B 466/B 466M, and B 743.

NOTE 1—A complete metric companion to Specification B 251 has
been developed—B 251M; therefore, no metric equivalents are presented
in this specification.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 68 Specification for Seamless Copper Tube, Bright An-

nealed2

B 75 Specification for Seamless Copper Tube2

B 135 Specification for Seamless Brass Tube2

B 153 Test Method for Expansion (Pin Test) of Copper and
Copper-Alloy Pipe and Tubing2

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys2

B 170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes2

B 193 Test Method for Resistivity of Electrical Conductor
Materials3

B 428 Test Method for Angle of Twist in Rectangular and
Square Copper and Copper Alloy Tube2

B 466/B 466M Specification for Seamless Copper-Nickel
Pipe and Tube2

B 643 Specification for Copper-Beryllium Alloy Seamless
Tube2

B 743 Specification for Seamless Copper Tube in Coils2

E 3 Guide for Preparation of Metallographic Specimens4

E 8 Test Methods for Tension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry6

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)6

E 112 Test Methods for Determining Average Grain Size4

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition

E 478 Test Methods for Chemical Analysis of Copper
Alloys7

3. Terminology

3.1 Definitions:
3.1.1 average diameter (for round tubes only)—the average

of the maximum and minimum outside diameters, or maximum
and minimum inside diameters, whichever is applicable, as
determined at any one cross section of the tube.

3.1.2 coil—a length of the product wound into a series of
connected turns. The unqualified term “coil” as applied to tube
usually refers to a bunched coil.

3.1.2.1 bunched—a coil in which the turns are bunched and
held together such that the cross section of the bunched turns
is approximately circular.

3.1.2.2 double layer flat—a coil in which the product is
spirally wound into two connected disk-like layers such that
one layer is on top of the other. (Sometimes called “double
layer pancake coil” or “double layer spirally wound coil.”)

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
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3.1.2.3 level or traverse wound—a coil in which the turns
are wound into layers parallel to the axis of the coil such that
successive turns in a given layer are next to one another.
(Sometimes called “helical coil.”)

3.1.2.4 level or traverse wound on a reel or spool—a coil in
which the turns are positioned into layers on a reel or spool
parallel to the axis of the reel or spool such that successive
turns in a given layer are next to one another.

3.1.2.5 single layer flat—a coil in which the product is
spirally wound into a single disk-like layer. (Sometimes called
“pancake coil” or “single layer spirally wound coil.”)

3.1.2.6 stagger wound—a coil in which the turns are posi-
tioned into layers approximately parallel to the axis of the coil,
but not necessarily with the fixed regularity of a level or
traverse wound coil.

3.1.3 lengths—straight pieces of the product.
3.1.3.1 ends—straight pieces, shorter than the nominal

length, left over after cutting the product into mill lengths,
stock lengths, or specific lengths. They are subject to minimum
length and maximum weight requirements.

3.1.3.2 mill—straight lengths, including ends, that are con-
veniently manufactured in the mills. Full-length pieces are
usually 10, 12, or 20 ft and subject to established length
tolerances.

3.1.3.3 multiple—straight lengths of integral multiples of a
base length, with suitable allowance for cutting, if and when
specified.

3.1.3.4 random—run of mill lengths without any indicated
preferred length.

3.1.3.5 specific—straight lengths that are uniform in length,
as specified, and subject to established length tolerances.

3.1.3.6 specific with ends—specific lengths, including ends.
3.1.3.7 standard—uniform lengths recommended in a Sim-

plified Practice Recommendation or established as a Commer-
cial Standard.

3.1.3.8 stock—straight lengths that are mill cut and stored in
advance of orders. They are usually 10, 12, or 20 ft and subject
to established length tolerances.

3.1.3.9 stock with ends—stock lengths, including ends.

3.1.4 reel or spool—a cylindrical device that has a rim at
each end and an axial hole for a shaft or spindle, and on which
the product is wound to facilitate handling and shipping.

3.1.5 tube—a hollow product of round or any other cross
section, having a continuous periphery.

3.1.5.1 tube, automotive and general service—a seamless
copper tube of small diameter conforming to a standard series
of sizes commercially known as Automotive and General
Service Tube.

3.1.5.2 tube, seamless—a tube produced with a continuous
periphery in all stages of the operations.

4. Materials and Manufacture

4.1 The material shall be of such quality and purity that the
finished product shall have the properties and characteristics
prescribed in the applicable product specification listed in
Section 1.

4.2 The material shall be produced by either hot or cold
working operations, or both. It shall be finished, unless
otherwise specified, by such cold working and annealing or
heat treatment as necessary to meet the properties specified.

5. Dimensions and Permissible Variations

5.1 General:
5.1.1 The standard method of specifying wall thickness

shall be in decimal fractions of an inch.
5.1.2 For the purpose of determining conformance with the

dimensional requirements prescribed in this specification, any
measured value outside the specified limiting values for any
dimension shall be cause for rejection.

5.1.3 Tolerances on a given tube shall be specified with
respect to any two, but not all three, of the following: outside
diameter, inside diameter, wall thickness.

5.1.4 When round tube is ordered by outside and inside
diameters, the maximum plus and minus deviation of the wall
thickness from the nominal at any point shall not exceed the
values given in Table 1 by more than 50 %.

NOTE 2—Blank spaces in the tolerance tables indicate either that the

TABLE 1 Wall Thickness Tolerances for Copper and Copper-Alloy Tube
(Applicable to Specifications B 68, B 75, B 135, and B 743)

NOTE 1—Maximum Deviation at Any Point:The following tolerances are plus and minus; if tolerances all plus or all minus are desired, double the
values given.

Wall Thickness, in.

Outside Diameter, in.A

1⁄32 to 1⁄8 , incl
Over 1⁄8 to 5⁄8 ,

incl
Over 5⁄8 to 1,

incl
Over 1 to 2,

incl
Over 2 to 4,

incl
Over 4 to 7,

incl
Over 7 to 10,

incl

Up to 0.017, incl 0.002 0.001 0.0015 0.002 ... ... ...
Over 0.017–0.024, incl 0.003 0.002 0.002 0.0025 ... ... ...
Over 0.024–0.034, incl 0.003 0.0025 0.0025 0.003 0.004 ... ...
Over 0.034–0.057, incl 0.003 0.003 0.0035 0.0035 0.005 0.007 ...
Over 0.057–0.082, incl ... 0.0035 0.004 0.004 0.006 0.008 0.010
Over 0.082–0.119, incl ... 0.004 0.005 0.005 0.007 0.009 0.011
Over 0.119–0.164, incl ... 0.005 0.006 0.006 0.008 0.010 0.012
Over 0.164–0.219, incl ... 0.007 0.009 0.009 0.011 0.012 0.014
Over 0.219–0.283, incl ... ... 0.011 0.012 0.014 0.015 0.016
Over 0.283–0.379, incl ... ... 0.014 6B % 6B % 7B % 7B %
Over 0.379 ... ... ... 6B % 6B % 7B % 7B %

A When round tube is ordered by outside and inside diameters, the maximum plus and minus deviation of the wall thickness from the nominal at any point shall not exceed
the values given in the table by more than 50 percent.

B Percent of specified wall expressed to the nearest 0.001 in.
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material is not generally available or that no tolerances have been
established.

5.2 Wall Thickness Tolerances for Copper and Copper-Alloy
Tube—Wall thickness tolerances applicable to Specifications
B 68, B 75, B 135, and B 743 for round tubes only shall be in
accordance with Table 1. Wall thickness tolerances for rectan-
gular including square tube applicable to B 75 and B 135 shall
be in accordance with Table 2.

5.3 Diameter or Distance between Parallel Surfaces, Toler-
ances for Copper and Copper-Alloy Tube—Diameter toler-
ances applicable to Specifications B 68, B 75, B 135, and
B 743 for round tubes only shall be in accordance with Table
3. Tolerances on distance between parallel surfaces for rectan-
gular including square tube applicable to Specifications B 75
and B 135 shall be in accordance with Table 4.

5.4 Roundness (Applicable to Specifications B 75, B 135,
and B 466/B 466M)—For drawn unannealed tube in straight
lengths, the roundness tolerances shall be as follows:

t/D
(Ratio of Wall Thickness to

Outside Diameter)

Roundness Tolerance as Percent of Outside
Diameter (Expressed to the Nearest 0.001 in.)

0.01–0.03, incl 1.5
Over 0.03–0.05, incl 1.0
Over 0.05–0.10, incl 0.8 or 0.002 in. whichever is greater
Over 0.10 0.7 or 0.002 in. whichever is greater

5.4.1 Compliance with the roundness tolerances shall be
determined by taking measurements on the outside diameter
only, irrespective of the manner in which the tube dimensions
are specified. The deviation from roundness is measured as the
difference between major and minor diameters as determined at
any one cross section of the tube. The major and minor
diameters are the diameters of two concentric circles just
enclosing the outside surface of the tube at the cross section.

5.4.2 No tolerances have been established for as-extruded
tube, redraw tube, annealed tube, any tube furnished in coils or
drawn tube whose wall thickness is under 0.016 in.

5.5 Length Tolerances:
5.5.1 Straight Lengths—Length tolerances, straight lengths,

applicable to Specifications B 68, B 75, B 135, and B 466/
B 466M shall be in accordance with Table 5.

5.5.2 Schedule of Tube Lengths—Specific and stock lengths
of tube with ends, applicable to Specifications B 68, B 75,

B 135, and B 466/B 466M, shall be in accordance with Table 6.
Tube in straight lengths shall be furnished in stock lengths with
ends, unless the order requires specific lengths or specific
lengths with ends.

5.6 Squareness of Cut (Applicable to Specifications B 68,
B 75, B 135, and B 466/B 466M)— For tube in straight lengths,
the departure from squareness of the end of any tube shall not
exceed the following:

5.6.1 Round Tube:

Specified Outside Diameter, in. Tolerance

Up to 5⁄8 , incl 0.010 in.
Over 5⁄8 0.016 in./in. of diameter

5.6.2 Rectangular and Square Tube:

Specified Distance Between Major
Outside Parallel Surfaces, in. Tolerance

Up to 5⁄8 , incl 0.016 in.
Over 5⁄8 0.025 in./in. of distance between out-

side parallel surfaces

5.7 Straightness Tolerances:
5.7.1 Round Tubes—For round tubes of any drawn temper,

1⁄4 to 31⁄2 in. in outside diameter, inclusive, but not redraw tube,
extruded tube, or any annealed tube, the straightness tolerances
applicable to Specifications B 75, B 135, and B 466/B 466M
shall be in accordance with Table 7.

TABLE 2 Wall Thickness Tolerances for Copper and Copper-Alloy Rectangular and Square Tube
(Applicable to Specifications B 75, B 135, and B 743)

NOTE 1—Maximum deviation at any point. The following tolerances are plus and minus; if tolerances all plus or all minus are desired, double the values
given.

Wall Thickness, in.

Distance Between Outside Parallel Surface, in.A

1⁄32 to 1⁄8 , incl
Over 1⁄8 to 5⁄8 ,

incl
Over 5⁄8 to 1,

incl
Over 1 to 2,

incl
Over 2 to 4,

incl
Over 4 to 7,

incl
Over 7 to 10,

incl

Up to 0.017, incl 0.002 0.002 0.0025 0.003 ... ... ...
Over 0.017–0.024, incl 0.003 0.0025 0.003 0.0035 ... ... ...
Over 0.024–0.034, incl 0.0035 0.0035 0.0035 0.004 0.006 ... ...
Over 0.034–0.057, incl 0.004 0.004 0.0045 0.005 0.007 0.009 ...
Over 0.057–0.082, incl ... 0.005 0.006 0.007 0.008 0.010 0.012
Over 0.082–0.119, incl ... 0.007 0.008 0.009 0.010 0.012 0.014
Over 0.119–0.164, incl ... 0.009 0.010 0.011 0.012 0.014 0.016
Over 0.164–0.219, incl ... 0.011 0.012 0.013 0.015 0.017 0.019
Over 0.219–0.283, incl ... ... 0.015 0.016 0.018 0.020 0.022
A In the case of rectangular tube the major dimension determines the thickness tolerance applicable to all walls.

TABLE 3 Average Diameter Tolerances for Copper and Copper-
Alloy Tube A

(Applicable to Specifications B 68, B 75, B 135, and B 743)

Specified Diameter, in. Tolerance, Plus and Minus, in.

Up to 1⁄8 , incl 0.002
Over 1⁄8 –5⁄8 , incl 0.002
Over 5⁄8 – 1, incl 0.0025
Over 1–2, incl 0.003
Over 2–3, incl 0.004
Over 3–4, incl 0.005
Over 4–5, incl 0.006
Over 5–6, incl 0.007
Over 6–8, incl 0.008
Over 8–10, incl 0.010

A Applicable to inside or outside diameter.
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5.7.2 Rectangular and Square Tubes—For rectangular and
square tubes of any drawn temper, the straightness tolerance
applicable to Specifications B 75 and B 135 shall be1⁄2 in.
maximum curvature (depth of arc) in any 6-ft portion of the
total length. (Not applicable to extruded tube, redraw tube, or
any annealed tube.)

5.8 Corner Radius, Rectangular and Square Tubes—The
permissible radii for commercially square corners applicable to
Specifications B 75 and B 135 shall be in accordance with
Table 8.

5.9 Twist Tolerances, Rectangular and Square Tubes—The
maximum twist about the longitudinal axis of drawn temper
rectangular and square tubes applicable to Specifications B 75
and B 135 shall not exceed 1°/ft of length, measured to the
nearest degree, and the total angle of twist shall not exceed 20°
when measured in accordance with Test Method B 428. The
requirement is not applicable to tubes in the annealed temper or
to tubes whose specified major dimension is less than1⁄2 in.

6. Workmanship, Finish, and Appearance

6.1 The material shall be free of defects of a nature that
interfere with normal commercial applications. It shall be well
cleaned and free of dirt.

7. Sampling

7.1 Sampling—The lot, size, portion size, and selection of
sample pieces shall be as follows:

7.1.1 Lot Size—For tube, the lot size shall be 10 000 lb or
fraction thereof.

TABLE 4 Tolerances on Distance Between Parallel Surfaces for Copper and Copper-Alloy Rectangular and Square Tube
(Applicable to Specifications B 75, B 135, and B 743)

NOTE 1—The following tolerances are plus and minus; if tolerances all plus or all minus are desired, double the values given.

Dimension a or b (see sketches), in. Tolerances, in.

Up to 1⁄8 , incl 0.003
Over 1⁄8 –5⁄8 , incl 0.004
Over 5⁄8 –1, incl 0.005
Over 1–2, incl 0.006
Over 2–3, incl 0.007
Over 3–4, incl 0.008
Over 4–5, incl 0.009
Over 5–6, incl 0.010
Over 6–8, incl 0.011
Over 8–10, incl 0.012

Nominal dimension a determines tolerance applicable to both a and c.
Nominal dimension b determines tolerance applicable to both b and d.

TABLE 5 Length Tolerances for Copper and Copper-Alloy Tube,
Straight Lengths

(Applicable to Specifications B 68, B 75, B 135, and B 466/B 466M)

NOTE 1—Tolerances are all plus; if all minus tolerances are desired, use
the same values; if tolerances plus and minus are desired, halve the values
given.

Length

Tolerances, in. Applicable Only to Full-
Length Pieces

For Major
Outside Di-

mensions Up
to 1 in., incl

For Major
Outside Di-
mensions

Over 1 to 4
in., incl

For Major
Outside Di-
mensions
Over 4 in.

Specific lengths:
Up to 6 in., incl 1⁄32 1⁄16 ...
Over 6 in.–2 ft, incl 1⁄16 3⁄32 1⁄8
Over 2–6 ft, incl 3⁄32 1⁄8 1⁄4
Over 6–14 ft, incl 1⁄4 1⁄4 1⁄4
Over 14 ft 1⁄2 1⁄2 1⁄2

Specific lengths with ends 1 1 1
Stock lengths with or without 1A 1A 1A

ends
A As stock lengths are cut and placed in stock in advance of orders, departure

from this tolerance is not practicable.

TABLE 6 Schedule of Tube Lengths (Specific and Stock) with
Ends for Copper and Copper-Alloy Tube

(Applicable to Specifications B 68, B 75, B 135 and B 466/B 466M)

Major Outside
Dimensions, in.

Specific Length, ft

Shortest Permissible
Length,A Percent of

Specific Length

Maximum
Permissible Weight
of Ends, Percent of

Lot Weight

Up to 1, incl 6–20, incl 70 20
Over 1–2, incl 6–20, incl 60 25
Over 2–3, incl 6–20, incl 55 30
Over 3–4, incl 6–20, incl 50 40

A Expressed to the nearest 1⁄2 ft.

TABLE 7 Straightness Tolerances for Copper and Copper-Alloy
TubeA in Any Drawn Temper

(Applicable to Specifications B 75, B 135, B 466/B 466M and B 643)

NOTE 1—Applies to round tube in any drawn temper from1⁄4 (6.35) to
31⁄2 in. (88.9 mm), incl, in outside diameter.

Length, ftB
Maximum Curvature (Depth of

Arc), in.

Over 3–6, incl 3⁄16

Over 6–8, incl 5⁄16

Over 8–10, incl 1⁄2
A Not applicable to pipe, redraw tube, extruded tube or any annealed tube.
B For lengths greater than 10 ft the maximum curvature shall not exceed 1⁄2 in.

in any 10-ft portion of the total length.

TABLE 8 Permissible Radii for Commercially Square Corners for
Copper and Copper-Alloy Rectangular and Square Tube

(Applicable to Specifications B 75, B 135, and B 743)

Wall Thickness, in.

Maximum Radii, in.

Outside
Corners

Inside
Corners

Up to 0.058, incl 3⁄64 1⁄32

Over 0.058–0.120, incl 1⁄16 1⁄32

Over 0.120–0.250, incl 3⁄32 1⁄32

Over 0.250 none established none established
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7.1.2 Portion Size—Sample pieces shall be taken for test
purposes from each lot according to the following schedule:

Number of Pieces
in Lot

Number of Sample Pieces to
be TakenA

1–50 1
51–200 2
201–1500 3
Over 1500 0.2 % of total number of pieces in the

lot, but not to exceed 10 sample pieces
_______________

A Each sample piece shall be taken from a separate tube.

8. Number of Tests and Retests

8.1 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
millings, etc., shall be taken in approximately equal weight
from each of the sample pieces selected in accordance with
7.1.2 and combined into one composite sample. The minimum
weight of the composite sample that is to be divided into three
equal parts shall be 150 g.

8.1.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semi-finished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

8.1.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

8.1.1.2 When samples are taken from the semi-finished
product, a sample shall be taken to represent each 10 000 lb or
fraction thereof, except that not more than one sample shall be
required per piece.

8.1.1.3 Due to the discontinuous nature of the processing of
castings into wrought products, it is not practical to identify
specific casting analysis with a specific quantity of finished
material.

8.1.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

8.2 Other Tests—For other tests, unless otherwise provided
in the product specification, test specimens shall be taken from
two of the sample pieces selected in accordance with 7.1.2.

8.2.1 In the case of tube furnished in coils, a length
sufficient for all necessary tests shall be cut from each coil
selected for purpose of tests. The remaining portion of these
coils shall be included in the shipment, and the permissible
variations in length on such coils shall be waived.

8.3 Retests:
8.3.1 If any test specimen shows defective machining or

develops flaws, it shall be discarded and another specimen
substituted.

8.3.2 If the percentage elongation of any tension test speci-
men is less than that specified and any part of the fracture is
outside the middle two thirds of the gage length or in a punched
or scribed mark within the reduced section, a retest on an

additional specimen either from the same sample piece or from
a new sample piece shall be allowed.

8.3.3 If the results of the test on one of the specimens fail to
meet the specified requirements, two additional specimens
shall be taken from different sample pieces and tested. The
results of the test on both of these specimens shall meet the
specified requirements. Failure of more than one specimen to
meet the specified requirements for a particular property shall
be cause for rejection of the entire lot.

8.3.4 If the chemical analysis fails to conform to the
specified limits, analysis shall be made on a new composite
sample prepared from additional pieces selected in accordance
with 7.1.2. The results of this retest shall comply with the
specified requirements.

9. Test Specimens

9.1 Tension test specimens shall be of the full section of the
tube and shall conform to the requirements of Test specimens
section of Test Methods E 8, unless the limitations of the
testing machine preclude the use of such a specimen. Test
specimens conforming to Type No. 1 of Fig. 13, Tension Test
Specimens for Large-Diameter Tubular Products, of Test Meth-
ods E 8 shall be used when a full-section specimen cannot be
tested.

9.2 Whenever tension test results are obtained from both
full size and from machined test specimens and they differ, the
results obtained from full-size test specimens shall be used to
determine conformance to the specification requirements.

9.3 Tension test results on material covered by this specifi-
cation are not seriously affected by variations in speed of
testing. A considerable range of testing speed is permissible;
however, the rate of stressing to the yield strength shall not
exceed 100 ksi/min. Above the yield strength the movement
per minute of the testing machine head under load shall not
exceed 0.5 in/in. of gage length (or distance between grips for
full-section specimens).

9.4 The surface of the test specimen for microscopical
examination shall approximate a radial longitudinal section of
round tube and a longitudinal section of rectangular and square
tube perpendicular to, and bisecting, the major dimensional
surface.

10. Test Methods

10.1 The properties enumerated in the specifications listed
in Section 1 shall, in case of disagreement, be determined in
accordance with the following applicable test methods:

Test ASTM Designation

Chemical analysis B 170,A E 53, E 62, E 478
Tension E 8
Rockwell hardness E 18B

Grain size E 3, E 112
Expansion (pin test) B 153
Mercurous nitrate test B 154
Electrical resistivity B 193
_____________

A Reference to Specification B 170 is to the suggested chemical methods in the
annex thereof. When Committee E01 has tested and published methods for
assaying the low-level impurities in copper, the Specification B 170 annex will be
eliminated.

B The value for the Rockwell Hardness number of each specimen shall be
established by taking the arithmetical average of at least three readings.
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11. Significance of Numerical Limits

11.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29:

Property
Rounded Unit for Observed or

Calculated Value

Chemical composition
Hardness
Electrical resistivity

nearest unit in the last
right-hand place of figures
of the specified limit

Tensile stength
Yield strength

nearest ksi
nearest ksi

Elongation nearest 1 %
Grain size:

Up to 0.055 mm, incl nearest multiple of 0.005 mm
Over 0.055 to 0.160 mm,

incl
nearest 0.01 mm

12. Inspection

12.1 The manufacturer shall afford the inspector represent-
ing the purchaser, all reasonable facilities, without charge, to
satisfy him that the material is being furnished in accordance
with the specified requirements.

13. Rejection and Rehearing

13.1 Material that fails to conform to the requirements of
this specification shall be subject to rejection. Rejection shall
be reported to the manufacturer or supplier promptly and in

writing. In case of dissatisfaction with the results of the test, the
manufacturer or supplier shall have the option to make claim
for a rehearing.

14. Certification

14.1 When specified on the purchase order the manufacturer
shall furnish to the purchaser a certificate stating that each lot
has been sampled, tested, and inspected in accordance with this
specification and has met the requirements.

14.2 When material is specified to meet the requirements of
ASME Boiler and Pressure Vessel Code, the certification
requirements are mandatory.

15. Packaging and Package Marking

15.1 The material shall be separated by size, composition,
and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

15.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, shape, gross and net weight and name of supplier. The
specification number shall be shown, when specified.

16. Mill Test Report

16.1 When specified on the purchase order, the manufac-
turer shall furnish to the purchaser a test report showing results
of tests required by the specification.

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U. S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:8

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standard:8

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:8

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection:

S2.1.1 Unless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer shall use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade or class and shall be preserved and
packaged, Level A or C, packed Level A, B, or C as specified

8 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5098, ATTN: NPODS.
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in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:

S4.2.1 Military Agencies—In addition to any special mark-
ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIX

(Nonmandatory Information)

X1. STANDARD DENSITIES

X1.1 For purposes of calculating weights, cross sections,
etc., the densities of the copper and copper alloys covered by
the specifications listed in Section 1 shall be taken as in Table
X1.1.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 251 – 97)
that may impact the use of this standard.

(1) Section 13 was modified to replace non-mandatory lan-
guage with mandatory language.

TABLE X1.1 Densities

ASTM
Designation

Material
Copper or

Copper
Alloy UNS No.

Density,
lb/in.3

B 68 copper C10100 0.323
B 75 copper C10200 0.323
B 743 copper C10300 0.323

C10800 0.323
C12000 0.323
C12200 0.323

(B 75 only) C14200 0.323

B 135 brass C22000 0.318
C23000 0.316
C26000 0.308
C27000 0.306
C27200 0.305
C28000 0.303
C33000 0.307
C33200 0.308
C37000 0.304
C44300 0.308

B 466 copper nickel C70400
C70600
C71000
C71500
C72200

0.323
0.323
0.323
0.323
0.323
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
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Designation: B 271 – 96 (Reapproved 2003)

Standard Specification for
Copper-Base Alloy Centrifugal Castings 1

This standard is issued under the fixed designation B 271; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes requirements for centrifu-
gal castings of copper-base alloys having the nominal compo-
sitions shown in Table 1.

1.2 The values stated in inch-pound units are the standard.
SI values in parentheses are given for information only.

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standards form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:
B 208 Practice for Preparing Tension Test Specimens for

Copper-Base Alloys for Sand, Permanent Mold, Centrifu-
gal, and Continuous Castings2

B 824 Specification for General Requirements for Copper
Alloy Castings2

B 846 Terminology for Copper and Copper Alloys2

3. Terminology

3.1 Definitions of terms relating to copper alloys can be
found in Terminology B 846.

4. Ordering Information

4.1 Orders for centrifugal castings under this specification
should include the following information:

4.1.1 Specification title, number, and year of issue,
4.1.2 Quantity (length or number) of castings,
4.1.3 Copper Alloy UNS Number (Table 1) and temper

(as-cast, heat-treated, and so forth),
4.1.4 Dimensions or drawing number and condition (as-

cast, machined, and so forth),
4.1.5 ASME Boiler and Pressure Vessel Coderequirements

(Section 9),
4.1.6 When castings are purchased for agencies of the U.S.

Government, the Supplementary Requirements in Specification
B 824 may be specified.

4.2 The following are optional and should be specified in
the purchase order when required:

4.2.1 Chemical analysis of residual elements (Section 6.3),
4.2.2 Pressure test or soundness requirements (Specification

B 824),
4.2.3 Approval of weld repair (Section 8),
4.2.4 Certification (Specification B 824),
4.2.5 Foundry test report (Specification B 824),
4.2.6 Witness inspection (Specification B 824),
4.2.7 Product marking (Specification B 824), and
4.2.8 Castings for seawater service (Section 5.2).

5. Materials and Manufacture

5.1 Castings in Copper Alloy UNS Nos. C95300, C95400,
C95410, and C95500 may be supplied in the heat treated
condition to obtain the higher mechanical properties shown in
Table 2. Suggested heat treatments for these alloys and Copper
Alloy UNS No. C95520 are given in Table 3. Actual practice
may vary by manufacturer.

5.2 For better corrosion resistance in seawater applications,
castings in Copper Alloy UNS No. C95800 shall be given a
temper anneal heat treatment at 12506 50°F (6756 10°C) for
6 h minimum. Cooling shall be by the fastest means possible
that will not cause distortion or cracking which renders the
castings unusable for the intended application.

5.3 Castings in Copper Alloy UNS No. C95900 are nor-
mally supplied annealed between 1100°F (595°C) and 1300°F
(705°C) for 4 h followed by air cooling.

5.4 Castings in Copper Alloy UNS No. C95520 are used in
the heat treated condition only.

6. Chemical Composition

6.1 The centrifugal castings shall conform to the chemical
requirement shown in Table 4 for the Copper Alloy UNS
Numbers specified in the purchase order.

6.2 These specification limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements agreed upon between the
manufacturer or supplier and the purchaser. Copper or zinc
may be given as remainder and may be taken as the difference
between the sum of all elements analyzed and 100 %. When all
named elements in Table 2 are analyzed, their sum shall be as
specified in Table 5.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.05 on
Castings and Ingots for Remelting.

Current edition approved Apr. 10, 2003. Published June 2003. Originally
approved in 1954. Last previous edition approved in 1996 as B 271 – 96.

2 Annual Book of ASTM Standards, Vol 02.01.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



6.3 It is recognized that residual elements may be present in
cast copper-base alloys. Analysis shall be made for residual
elements only when specified in the purchase order.

7. Mechanical Properties

7.1 Mechanical properties shall be determined from test bar
castings cast in accordance with Practice B 208 and shall meet
the requirements shown in Table 2.

8. Weld Repair

8.1 The castings shall not be weld repaired without cus-
tomer approval.

9. ASME Requirements

9.1 When specified in the purchase order to meetASME
Boiler and Pressure Vessel Coderequirements castings in
Copper Alloy UNS Nos. C95200 and C95400 shall comply
with the following:

9.1.1 Certification requirements of Specification B 824.
9.1.2 Foundry test report requirements of Specification

B 824.
9.1.3 Castings shall be marked with the manufacturer’s

name, the Copper Alloy UNS No., and the casting quality
factor. In addition, heat numbers or serial numbers that are
traceable to heat numbers shall be marked on all pressure-
containing castings individually weighing 50 lb (22.7 kg) or

more. Pressure-containing castings weighing less than 50 lb
(22.7 kg) shall be marked with either the heat number or a
serial number that will identify the casting as to the month in
which it was poured. Marking shall be in such a position as to
not injure the usefulness of the casting.

10. General Requirements

10.1 The following sections of Specification B 824 form a
part of this specification. In the event of a conflict between this
specification and Specification B 824, the requirements of this
specification shall take precedence.

10.1.1 Terminology (Section 3),
10.1.2 Other Requirements (Section 6),
10.1.3 Dimensions, Mass, and Permissible Variations (Sec-

tion 7),
10.1.4 Workmanship, Finish, and Appearance (Section 8),
10.1.5 Sampling (Section 9),
10.1.6 Number of Tests and Retests (Section 10),
10.1.7 Specimen Preparation (Section 11),
10.1.8 Test Methods (Section 12),
10.1.9 Significance of Numerical Limits (Section 13),
10.1.10 Inspection (Section 14),
10.1.11 Rejection and Rehearing (Section 15),
10.1.12 Certification (Section 16),
10.1.13 Test Report (Section 17),
10.1.14 Packaging and Package Marking (Section 19), and

TABLE 1 Nominal Compositions

Classification
Copper Alloy

UNS No.
Commercial
Designation

Copper Tin Lead Zinc Nickel Iron
Alum-
inum

Mang-
anese

Silicon

Leaded red brass C83600 85-5-5-5 85 5 5 5 ... ... ... ... ...
C83800 83-4-6-7 or commercial red brass 83 4 6 7 ... ... ... ... ...

Leaded semi-red brass C84400 81-3-7-9 or valve composition 81 3 7 9 ... ... ... ... ...
C84800 76-21⁄2 -61⁄2 -15 or semi-red brass 76 21⁄2 61⁄2 15 ... ... ... ... ...

Leaded yellow brass C85200 high copper yellow brass 72 1 3 24 ... ... ... ... ...
C85400 commercial No. 1 yellow brass 67 1 3 29 ... ... ... ... ...
C85700 leaded naval brass 61 1 1 37 ... ... ... ... ...

High-strength yellow brass C86200 high-strength manganese bronze 63 ... ... 27 ... 3 4 3 ...
C86300 high-strength manganese bronze 61 ... ... 27 ... 3 6 3 ...
C86400 leaded manganese bronze 58 1 1 38 ... 1 1⁄2 1⁄2 ...
C86500 No. 1 manganese bronze 58 ... ... 39 ... 1 1 1 ...
C86700 leaded manganese bronze 58 1 1 34 ... 2 2 2 ...

Silicon bronze and silicon C87300 silicon bronze 95 ... ... ... ... ... ... 1 4
brass C87400 silicon brass 82 ... 1⁄2 14 ... ... ... ... 31⁄2

C87500 silicon brass 82 ... ... 14 ... ... ... ... 4
C87600 silicon bronze 89 ... ... 6 ... ... ... ... 5

Tin bronze and leaded C90300 88-8-0-4, or modified “G” bronze 88 8 ... 4 ... ... ... ... ...
tin bronze C90500 88-10-0-2, or “G” bronze 88 10 ... 2 ... ... ... ... ...

C92200 88-6-2-4 or “M” bronze 88 6 2 4 ... ... ... ... ...
C92300 87-8-1-4, or Navy PC 87 8 1 4 ... ... ... ... ...

High-lead tin bronze C93200 83-7-7-3 83 7 7 3 ... ... ... ... ...
C93500 85-5-9-1 85 5 9 1 ... ... ... ... ...
C93600 81-7-12 81 7 12 ... ... ... ... ... ...
C93700 80-10-10 80 10 10 ... ... ... ... ... ...
C93800 78-7-15 78 7 15 ... ... ... ... ... ...
C94300 71-5-24 71 5 24 ... ... ... ... ... ...

Aluminum bronze C95200 Grade A 88 ... ... ... ... 3 9 ... ...
C95300 Grade B 89 ... ... ... ... 1 10 ... ...
C95400 Grade C 85 ... ... ... ... 4 11 ... ...
C95410 84 ... ... ... 2 4 10 ... ...
C95900 82.5 ... ... ... ... 4.5 13 ... ...

Nickel aluminum bronze C95500 Grade D 81 ... ... ... 4 4 11 ... ...
C95520 78.5 ... ... ... 5.5 5.0 11 ... ...
C95800 81.3 ... ... ... 4.5 4 9 1.2 ...

Leaded nickel bronze C97300 12 % leaded nickel silver 57 2 9 20 12 ... ... ... ...
C97600 20 % leaded nickel silver 64 4 4 8 20 ... ... ... ...
C97800 25 % leaded nickel silver 66 5 2 2 25 ... ... ... ...

B 271 – 96 (2003)
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10.1.15 Supplementary Requirements.

11. Sampling

11.1 Separate centrifugally cast test bars shall be made in
accordance with Practice B 208.

11.2 At the manufacturer’s option test bars may be removed
from the casting instead of from a separately cast coupon.

11.3 Separately cast test bars representing castings in Cop-
per Alloy UNS Nos. C95300HT, C95400HT, C95410HT,
C95500HT, C95520HT, C95800 temper annealed, and C95900
annealed shall be heat treated with the castings.

12. Test Methods

12.1 Analytical chemical methods are given in Specification
B 824.

12.1.1 Test methods to be followed for the determination of
elements resulting from contractual or purchase order agree-
ment shall be as agreed upon between the manufacturer or
supplier and the purchaser.

12.2 Brinell hardness readings shall be taken on the grip end
of the tension test bar and shall be made in accordance with
Test Method E 10, with the exception that a 3000 kg load shall
be used.

TABLE 2 Mechanical Requirements

Copper Alloy
UNS No.

Tensile Strength, min Yield Strength,A min Elongation in 2 in.
Or 50 mm, min, %

Brinell Hardness No.B

(3000-kG Load), minksiC MPaD ksiC MPaD

C83600 30 207 14 97 20 ...
C83800 30 207 13 90 20 ...
C84400 29 200 13 90 18 ...
C84800 28 193 12 83 16 ...
C85200 35 241 12 83 25 ...
C85400 30 207 11 76 20 ...
C85700 40 276 14 97 15 ...
C86200 90 621 45 310 18 ...
C86300 110 758 60 414 12 ...
C86400 60 414 20 138 15 ...
C86500 65 448 25 172 20 ...
C86700 80 552 32 221 15 ...
C87300 45 310 18 124 20 ...
C87400 50 345 21 145 18 ...
C87500 60 414 24 165 16 ...
C87600 60 414 30 207 16 ...
C87610 45 310 18 124 20 ...
C90300 40 276 18 124 20 ...
C90500 40 276 18 124 20 ...
C92200 34 234 16 110 22 ...
C92300 36 248 16 110 18 ...
C93200 30 207 14 97 15 ...
C93500 28 193 12 83 15 ...
C93600 32 221 16 110 15 ...
C93700 30 207 12 83 15 ...
C93800 26 179 14 97 12 ...
C94300 24 165 ... ... 10 ...
C95200 65 450 25 170 20 110
C95300 65 450 25 170 20 110
C95300(HT) 80 550 40 275 12 160
C95400 75 515 30 205 12 150
C95400(HT) 90 620 45 310 6 190
C95410 75 515 30 205 12 150
C95410(HT) 90 620 45 310 6 190
C95500 90 620 40 275 6 190
C95500(HT) 110 760 60 415 5 200
C95520(HT) 125 862 95E 655E 3 262
C95800F 85 585 35 240 15 ...
C95900 ... ... ... ... ... 241 min
C97300 30 207 15 97 8 ...
C97600 40 276 17 117 10 ...
C97800 50 345 22 152 10 ...

A Yield strength shall be determined as the stress producing an elongation under load of 0.5 %, that is 0.01 in. (0.254 mm) in a gage length of 2 in. (50.8 mm).
B For information only.
C ksi − 1000 psi.
D See Appendix.
E Yield strength at 0.2 % offset.
F As cast or temper annealed.

TABLE 3 Suggested Heat Treatments

Copper Alloy
UNS No.

Solution Treatment
(not less than 1 h

followed by water quench)

Annealing Treatment
(not less than 2 h

followed by air cool)

C95300 1585–1635°F 1150–1225°F
(860–890°C) (620–660°C)

C95400
C95410 1600–1675°F 1150–1225°F
C95500 (870–910°C) (620–660°C)

C95520 (2 h followed by 925–1000°F
water quench) (495–540°C)
1600–1700°F
(870–925°C)

B 271 – 96 (2003)
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13. Product Marking

13.1 When specified in the purchase order the castings shall
be marked with the alloy number.

14. Keywords

14.1 centrifugal castings; copper alloy castings; copper-base
alloy castings

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 271 – 95)
that may impact the use of this standard.

(1) Corrected the zinc range of Copper Alloy UNS No.
C86400.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 5 Sum of All Named Elements Analyzed

Copper Alloy
UNS No.

Copper Plus
Named Elements

% min

Copper Alloy
UNS No.

Copper Plus
Named Elements

% min

C83600 99.3 C92200 99.3
C83800 99.3 C92300 99.3
C84400 99.3 C93200 99.2
C84800 99.3 C93500 99.4
C85200 99.1 C93600 99.3
C85400 98.9 C93700 99.0
C85700 98.7 C93800 98.9
C86200 99.0 C94300 99.0
C86300 99.0 C95200 99.0
C86400 99.0 C95300 99.0
C86500 99.0 C95400 99.5
C86700 99.0 C95410 99.5
C87300 99.5 C95500 99.5
C87400 99.2 C95520 99.5
C87500 99.5 C95800 99.5
C87600 99.5 C95900 99.5
C90300 99.4 C97300 99.0
C90500 99.7 C97600 99.7

C97800 99.6
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Designation: B 272 – 02

Standard Specification for
Copper Flat Products with Finished (Rolled or Drawn)
Edges (Flat Wire and Strip) 1

This standard is issued under the fixed designation B 272; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for cop-
per products, flat wire and strip, with rolled or drawn finished
edges produced for general application.

1.1.1 The product is produced in UNS Copper Nos.
C10100, C10200, C10300, C10500, C10700, C10800, C11000,
C11040, C12200, and C14200 unless otherwise established by
agreement between manufacturer and purchaser.

1.2 Units—The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are for
information only.

NOTE 1—When a copper other than that listed in 1.1.1 is designated by
the purchaser, the resulting product shall conform to the physical,
mechanical, performance, dimensional, and tolerance requirements per
agreement between the manufacturer and purchaser.

2. Referenced Documents

2.1 ASTM Standards:
B 5 Specification for High Conductivity Tough-Pitch Cop-

per Refinery Shapes2

B 170 Specification for Oxygen-Free Electrolytic Copper
Refinery Shapes2

B 193 Test Method for Resistivity of Electrical Conductor
Materials3

B 248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar2

B 250/B 250M Specification for General Requirements for
Wrought Copper-Alloy Wire2

B 379 Specification for Phosphorized Coppers—Refinery
Shapes2

B 577 Test Methods for Detection of Cuprous Oxide (Hy-
drogen Embrittlement Susceptibility) in Copper2

B 846 Terminology for Copper and Copper Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 53 Test Method for Determination of Copper in Unal-
loyed Copper by Gravimetry5

E 62 Test Method for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)5

E 290 Test Method for Bend Testing of Material for Duc-
tility 4

E 478 Test Method for Chemical Analysis of Copper Al-
loys5

3. General Requirements

3.1 The following sections of Specification B 248 constitute
a part of this specification for strip products and of Specifica-
tion B 250 for flat wire products:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Test Reports,
3.1.13 Packaging and Package Marking, and
3.1.14 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements that supplement those appearing in
Specifications B 248 or B 250/B 250M, or both.

4. Terminology

4.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes and Forgings.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 272 – 52T. Last previous edition B 272 – 01.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 02.03.

4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



4.2 Definitions of Terms Specific to This Standard:
4.2.1 capable of—possessing the required properties or

characteristics, or both, necessary to conform to specification
requirements when subjected to specified tests.

5. Ordering Information

5.1 When placing orders for product to this specification,
include the following information:

5.1.1 ASTM designation and year of issue,
5.1.2 Copper UNS No. designation (Section 1),
5.1.3 Temper—O61 (annealed), H00 (eight hard), H01

(quarter hard), H02 (half hard), H03 (three-quarter hard), H04
(hard), H06 (extra hard), H08 (spring) (Section 8),

5.1.4 Dimensions—Width and thickness (Section 13),
5.1.5 Quantity—Total weight, footage, or number of pieces,
5.1.6 How Furnished—Lengths, coils, spools, and so forth,

and
5.1.7 When purchased for agencies of the U.S. government

(Section 12).
5.1.8 Edge contours required, see 13.6.
5.2 The following options are available under this specifi-

cation and should be included in the contract or purchase order
when required:

5.2.1 Electrical resistivity (Section 9),
5.2.2 Hydrogen embrittlement susceptibility test (Section

11),
5.2.3 Bend test (Section 11),
5.2.4 Certification (Specification B 248 or Specification

B 250/B 250M, or both),
5.2.5 Mill test reports (Specification B 248 or Specification

B 250/B 250M, or both).

6. Material and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be a copper billet,

cake, wire bar, or rod produced to Specifications B 5, B 170, or
B 379.

6.1.2 Copper other than that listed in 1.1.1 is permitted only
upon agreement between the manufacturer and the purchaser
(see Note 1).

6.2 Manufacture:
6.2.1 The product shall be manufactured by such hot-

working, cold-working, and annealing practices as to produce
a uniform wrought structure in the finished product.

6.3 Edges—The edges shall be finished by rolling or draw-
ing per 13.6.

7. Chemical Composition

7.1 The material shall conform to the chemical composi-
tional requirements in Table 1 for the coppers ordered.

7.1.1 These compositional limits do not preclude the pres-
ence of other elements. When required, limits shall be estab-
lished and analysis required for unnamed elements by agree-
ment between the manufacturer and the purchaser.

8. Temper

8.1 The standard tempers for products described in this
specification are given in Table 2.

8.1.1 Annealed temper O61.
8.1.2 Cold-worked tempers H00, H01, H02, H03, H04,

H06, and H08.

9. Physical Property Requirement

9.1 Electrical Resistivity:
9.1.1 Conductive alloys shall conform to the resisitivity

requirements in Table 2 when tested in accordance with Test
Method B 193.

NOTE 2—The International Annealed Copper Standard electrical con-
ductivity equivalents are as follows:

Electrical Resistivity,
V·g/m2

Conductivity,
%

0.151 76 101.00
0.153 28 100.00
0.156 14 98.16
0.157 75 97.16
0.159 40 96.16

10. Mechanical Property Requirements

10.1 Tensile Requirements:
10.1.1 Product 0.035 in. (0.90 mm) and under in thickness

shall conform to the tensile strength and elongation require-
ments prescribed in Table 2, when tested in accordance with
Test Methods E 8.

10.1.1.1 Tensile strength test results shall be the basis for
acceptance or rejection for mechanical properties for product
0.035 in. (0.90 mm) and under in thickness.

10.1.2 Product over 0.035 in. (0.90 mm) in thickness shall
conform to the requirements prescribed in Table 2 when tested
in accordance with Test Methods E 8.

TABLE 1 Chemical Requirements

Composition, %
Copper UNS No.

Element C10100A C10200B C10300 C10500 C10700 C10800 C11000 C11040C C12200 C14200

Copper (incl silver), min 99.99D 99.95E 99.95F 99.95 99.95 99.95F 99.90 99.90 99.9 99.4
Phosphorus . . . . . . 0.001–0.005 . . . . . . 0.005–0.012 . . . . . . 0.015–0.040 0.015–0.040
Arsenic . . . . . . . . . . . . . . . . . . . . . C . . . 0.15–0.50
Silver, min . . . . . . . . . 0.034 0.085 . . . . . . C . . . . . .
Oxygen, max 0.0005 0.0010 . . . 0.0010 0.0010 . . . . . . C . . . . . .
A Refer to Table 1, Chemical Requirements, Grade 1 of Specification B 170 for impurity limits for Copper UNS No. C10100.
B Refer to Table 1, Chemical Requirements, Grade 2 of Specification B 170 for impurity limits for Copper UNS No. C10200.
C The following additional maximum limits shall apply: Se, 2 ppm (0.0002 %); Bi, 1.0 ppm (0.00010 %); Te, 2 ppm (0.0002 %); Group Total, Te + Se + Bi,
3 ppm (0.0003 %). Sn, 5 ppm (0.0005 %); Pb, 5 ppm (0.0005 %); Fe, 10 ppm (0.0010 %); Ni, 10 ppm (0.0010 %); S, 15 ppm (0.0015 %); Ag, 25 ppm (0.0025 %);
Sb, 4 ppm (0.0004 %); As, 5 ppm (0.0005 %); Oxygen 100-650 ppm (0.010-0.065 %). The total maximum allowable of 65 ppm (0.065 %) does not include oxygen.
D The copper value is determined by the difference between the impurity total and 100 %. The copper value is exclusive of Ag.
E The copper value is determined by the difference between the impurity total and 100 %.
F Includes P.

B 272 – 02
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10.2 Rockwell Hardness:
10.2.1 Product over 0.035 in. (0.90 mm) in thickness shall

conform to the hardness requirements prescribed in Table 2
when tested in accordance with Test Methods E 18.

10.2.1.1 Rockwell hardness test results shall be the basis for
acceptance or rejection for mechanical properties for product
over 0.035 in. (0.90 mm) in thickness.

11. Performance Requirements

11.1 Hydrogen Embrittlement Susceptibility:
11.1.1 Test specimens of finished flat wire and strip of

Copper UNS Nos. C10100, C10200, C10300, C10500,
C10700, C10800, C12200, and C14200 shall be significantly
free of cuprous oxide when tested in accordance with Test
Method B of Test Methods B 577.

11.1.2 In case of dispute, Test Method C of Test Methods
B 577 shall be used.

11.2 Bend Test Requirement:
11.2.1 When tested in accordance with Test Method E 290,

the specimen shall withstand being bent cold (room tempera-
ture) on a radius equal to the minimum cross sectional
dimension to the angle prescribed in Table 2. The bend shall be
radial to this minimum dimension and after bending, no
fracture shall be visible to the unaided eye on the outside bent
surface.

12. Purchases for U.S. Government

12.1 When specified in the contract or purchase order,
product purchased for an agency of the U.S. government shall
conform to the special government requirements specified in
the Supplementary Requirements section of Specification
B 248 or B 250/B 250M, as appropriate.

13. Dimensions and Permissible Variations

13.1 General—For the purpose of determining conform-
ance with the dimensional requirements prescribed in this
specification, any measured value outside the specified limiting
values for any dimension may be cause for rejection.

NOTE 3—Blank spaces in the tolerance tables indicate either that the
material is not generally available or that no tolerances have been
established.

13.2 Thickness—The standard method of specifying thick-
ness shall be in decimal fractions of an inch. The tolerances
shall be as shown in Table 3.

13.3 Width—The standard method of specifying width shall
be in decimal fractions of an inch. The tolerances shall be as
shown in Table 4.

13.4 Lengths—Hard temper flat wire and strip, unless oth-
erwise specified, shall be furnished in straight lengths.

TABLE 2 Mechanical (All Alloys) and Electrical Requirements (Conductor Alloys Only)

Temper Thickness, in. (mm)

Rockwell Tensile Elongation Bend Electrical Resistivity, max,

F Scale ksi (MPa) Min in 2
in %

Angle,
degree

V·g/m2 at 20°C (68°F)

Standard Name Min Max C10100 C10300 C10200, C11000,
C11040, C10500,

C10700

O61 annealed up to 0.010 (0.254), incl
over 0.010 (0.0254) to 0.035 (0.900), incl
over 0.035 (0.900) to 0.050 (1.25), incl
over 0.050 (1.25) to 0.188 (4.80)

. . .

. . .
65 max
65 max

. . .

. . .

. . .

. . .

. . .
40 (275)
38 (260)
37 (255)

20
25
25
25

180
180
180
180

0.151 76
0.151 76
0.151 76
0.151 76

0.156 14
0.156 14
0.156 14
0.156 14

0.153 28
0.153 28
0.153 28
0.153 28

H00 1⁄8-hard up to 0.035 (0.900), incl
over 0.035 (0.900) to 0.188 (4.80)

. . .
54–82

32 (220)
32 (220)

40 (275)
40 (275)

18
20

120
120

0.156 14
0.156 14

0.159 40
0.159 40

0.157 75
0.157 75

H01 1⁄4-hard up to 0.035 (0.900), incl
over 0.035 (0.900) to 0.188 (4.80)

. . .
60–86

34 (235)
34 (235)

42 (290)
42 (290)

15
15

120
120

0.156 14
0.156 14

0.159 40
0.159 40

0.157 75
0.157 75

H02 1⁄2-hard up to 0.035 (0.900), incl
over 0.035 (3.20) to 0.188 (4.80)

. . .
77–91

37 (255)
37 (255)

46 (315)
46 (315)

10
10

120
120

0.156 14
0.156 14

0.159 40
0.159 40

0.157 75
0.157 75

H03 3⁄4-hard up to 0.035 (0.900), incl
over 0.035 (3.20) to 0.188 (4.80)

. . .
82–94

41 (280)
41 (280)

50 (345)
50 (345)

6
6

120
120

0.156 14
0.156 14

0.159 40
0.159 40

0.157 75
0.157 75

H04 hard up to 0.035 (0.900), incl
over 0.035 (0.900) to 0.125 (3.20), incl
over 0.125 (3.20) to 0.188 (4.80)

. . .
85–97
80–95

43 (295)
43 (295)
43 (295)

58 (400)
. . .
. . .

4
4
4

120
120
120

0.156 14
0.156 14
0.156 14

0.159 40
0.159 40
0.159 40

0.157 75
0.157 75
0.157 75

H06 extra hard up to 0.035 (0.900), incl
over 0.035 (3.20) to 0.188 (4.80)

. . .
88–97

47 (325)
47 (325)

56 (385)
56 (385)

. . .

. . .
. . .
. . .

0.156 14
0.156 14

0.159 40
0.159 40

0.157 75
0.157 75

H08 spring up to 0.035 (0.900), incl
over 0.035 (3.20) to 0.188 (4.80)

. . .
91–98

50 (345)
50 (345)

58 (400)
58 (400)

. . .

. . .
. . .
. . .

0.156 14
0.156 14

0.159 40
0.159 40

0.157 75
0.157 75

TABLE 3 Thickness Tolerances

Thickness, in. (mm)

Thickness Tolerances, Plus and Minus, in. (mm), for Widths Given in Inches (Millimetres)A

Up to 11⁄4
(31.8), incl

Over 11⁄4 (31.8) to
2.00 (50.8), incl

Over 2.00 (50.8)
to 4.00 (102), incl

Over 4.00 (102)
to 8.00 (203), incl

Over 8.00 (203) to
12.00 (305), incl

0.013 (0.330), incl 0.001 (0.025) ... ... ... ...
Over 0.013 (0.330) to 0.050 (1.27), incl 0.0013 (0.033) 0.0015 (0.038) ... ... ...
Over 0.050 (1.27) to 0.090 (2.29), incl 0.0015 (0.038) 0.002 (0.051) 0.0025 (0.064) ... ...
Over 0.090 (2.29) to 0.130 (3.30), incl 0.002 (0.051) 0.0025 (0.064) 0.003 (0.076) 0.0035 (0.089) ...
Over 0.130 (3.30) to 0.188 (4.78), incl 0.003 (0.076) 0.003 (0.076) 0.0035 (0.089) 0.004 (0.10) 0.005 (0.13)

A If tolerances all plus or all minus are desired, double the values given.
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13.4.1 Straight lengths shall be furnished in stock lengths
with ends included, in accordance with the schedule shown in
Table 5, unless the order specifies stock lengths only, specific
lengths, or specific lengths with ends.

13.4.2 The length tolerance for full length pieces shall be as
shown in Table 6.

13.4.3 Soft temper flat wire and strip, unless otherwise
specified, may be furnished, at the manufacturer’s option, in
rolls, bucks, or reels.

13.5 Straightness—The deviation from straightness shall
not exceed the limits shown in Table 7.

13.5.1 To determine compliance with this tolerance the
length shall, in case of disagreement, be checked by the
following method:

13.5.1.1 Place the lengths on a level table so that the arc of
departure from straightness is horizontal. Measure the depth of
arc to the nearest1⁄32 in. (0.79 mm) using a metal scale and a
straightedge.

13.6 Edge Contours:
13.6.1 Square Corners—Unless otherwise specified, the

material shall be finished with commercially square corners
with the maximum permissible radius as shown in Table 8.

13.6.2 Rounded Corners—When specified, the material
may be furnished with corners rounded as shown in Fig. 1 to a
quarter circle of a radius as shown in Table 9. The tolerance on
the radius shall be625 %.

13.6.3 Rounded Edge—When specified, the material may
be finished with edges rounded as shown in Fig. 2, with a
radius of curvature as shown in Table 10.

13.6.4 Full Rounded Edge—When specified, the material
shall be finished with substantially uniform round edges, the
radius of curvature being approximately1⁄2 the thickness of the

product as shown in Fig. 3, but in no case to exceed1⁄2 the
thickness of the product by more than 25 %.

14. Test Methods

14.1 Chemical Analysis:

TABLE 4 Width Tolerances
(For squares, use thickness tolerances in Table 2)

Width, in. (mm)
Tolerances, Plus and

Minus,A in. (mm)

Up to 0.050 (1.27), incl 0.0013 (0.033)
Over 0.050 (1.27) to 0.090 (2.29), incl 0.0015 (0.038)
Over 0.090 (2.29) to 0.130 (3.30), incl 0.002 (0.051)
Over 0.130 (3.30) to 0.188 (4.78), incl 0.003 (0.076)
Over 0.188 (4.78) to 0.500 (12.7), incl 0.0035 (0.089)
Over 0.500 (12.7) to 1.25 (31.8), incl 0.005 (0.13)
Over 1.25 (31.8) to 2.00 (50.8), incl 0.008 (0.20)
Over 2.00 (50.8) to 4.00 (102), incl 0.012 (0.30)
Over 4.00 (102) to 12.00 (305), incl 0.30B

A If tolerances all plus or minus are desired, double the values given.
B Percent of the width expressed to the nearest 0.001 in. (0.025 mm).

TABLE 5 Schedule of Lengths (Specific and Stocks) with Ends

Squares, Side in in. (mm) Rectangles, Area,A in.2 (cm2) Nominal Length, ft (m)
Shortest Permissible
Length,B Percent of

Nominal Length

Maximum Permissible
Weight of Ends,

Percent of Lot Weight

3⁄16 (4.76) and under 0.250 (1.61) and under 6 (1.83) to 14 (4.27), incl 75 20
Over 0.250 (1.61) to 1 (6.45), incl 6 (1.83) to 14 (4.27), incl 70 30
Over 1 (6.45) to 2.25 (14.5), incl 6 (1.83) to 12 (3.66), incl 60 40
Over 2.25 (14.5) to 4 (25.8), incl 6 (1.83) to 12 (3.66), incl 50 45

A Width times thickness, disregarding any rounded corners or edges.
B Expressed to the nearest 1⁄2 ft (150 mm).

TABLE 6 Length Tolerances for Material Furnished Straight

Length Classification
Length Tolerances, All

Plus,A in. (mm) (Applicable
Only to Full-Length Pieces)

Specific lengths 3⁄8 (9.5)
Specific lengths with ends 1 (25)
Stock lengths with or without ends 1 (25)B

A If all minus tolerances are desired, use the same values; if tolerances plus and
minus are desired, halve the values given.

B As stock lengths are cut and placed in stock in advance of orders, departure
from this tolerance is not practicable.

TABLE 7 Straightness Tolerances Applicable to Any
Longitudinal Edge of Material Supplied in Nominally Flat

Straight Lengths and in Rolls or in Bucks

For material having a cross-sectional
area of 0.010 in.2 (0.0645 cm2)
and over and a thickness of
0.010 in. (0.254 mm) and over,
furnished in straight lengths, in
rolls, or in bucks

1⁄2-in. (13-mm) maximum edgewise
curvature (depth of arc) in any 6-ft
(1.83-m) portion of the total
length.

For materials having a cross-
sectional area of less than 0.010
in.2 (0.0645 cm2), or a thickness
of less than 0.010 in. (0.254 mm),
and all material furnished on reels
or on stagger wound rolls

No straightness tolerances
established

TABLE 8 Requirements for Square Corners

Specified Thickness, in. (mm)
Maximum Radius of Corners

Allowable for Square Corner, in. (mm)
1⁄32 (0.794) to 1⁄16 (1.59), incl 1⁄100 (0.254)
Over 1⁄16 (1.59) to 3⁄16 (4.76), incl 1⁄64 (0.397)

NOTE 1—The arc shall not necessarily be tangent at PointsA, but the
product shall be commercially free from sharp, rough, or projecting edges.

FIG. 1 Rounded Corners
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14.1.1 Chemical composition shall be determined as di-
rected in the annex of the following product specifications:

UNS No. Specification

C10100 B 170
C10200 B 170

14.1.2 For UNS Nos. C11000, C11040, C10300, C10500,
C10700, C10800, C12200, or C14200 the following test
methods shall be used:

Element Test Method

Copper E 53
Phosphorous E 62
Arsenic E 62
Silver E 478

14.1.3 The test method(s) to be followed for the determina-
tion of element(s) resulting from contractual or purchase order
agreement shall be as agreed upon between the supplier and the
purchaser.

15. Keywords

15.1 copper flat products; copper flat wire; copper strip;
copper wire; flat wire; general purpose strip; general purpose
wire; strip; UNS Copper No. C10100; UNS Copper No.
C10200; UNS Copper No. C10300; UNS Copper No. C10500;
UNS Copper No. C10700; UNS Copper No. C10800; UNS
Copper No. C11000; UNS Copper No. C11040; UNS Copper
No. C12200; UNS Copper No. C14200; wire

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

TABLE 9 Requirements for Rounded Corners

Specified Thickness,
in. (mm)

Nominal Radius of Corner, in. (mm)
For Widths Up to and

Including 23 Thickness
For Widths More Than

23 Thickness
Up to 0.072 (1.83) 0.012 (0.305) full rounded edges as

given in 13.6.4
Over 0.072 (1.83) to 1⁄8

(3.18), incl

1⁄64 (0.397) full rounded edges as
given in 13.6.4

Over 1⁄8 (3.18) to 3⁄16

(0.794), incl

1⁄32 (0.794) 1⁄32 (0.794)

NOTE 1—The arc shall be substantially symmetrical with the axis of the
product. The CornersA will usually be sharp but shall not have rough or
projecting edges.

FIG. 2 Rounded Edge

TABLE 10 Requirements for Rounded Edges

Specified
Thickness,
in. (mm)

Nominal
Radius of

Rounded Edge,
in. (mm)

Tolerances on
Radius, Plus
and Minus,

in. (mm)
Up to 3⁄16 (4.76), incl 11⁄43 thickness 1⁄23 thickness

NOTE 1—The arc shall not necessarily be tangent at PointsA but shall
be substantially symmetrical with the axis of the product, and the product
shall be commercially free from sharp, rough, or projecting edges.

FIG. 3 Full Rounded Edge
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 272-01)
that may impact the use of this standard.

(1) Added UNS Copper No. C11040 to 1.1.1, 14.1.2, and 15.
(2) Added UNS Copper No. C11040 to Table 1 and Table 2.

(3) Added footnotes D, E, and F to Table 1 to clarify the table
and to match the UNS Standard Designations.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 283 – 04

Standard Specification for
Copper and Copper-Alloy Die Forgings (Hot-Pressed) 1

This standard is issued under the fixed designation B 283; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes the requirements for cop-
per and copper alloy die forgings produced by the hot pressing
method. The following copper and copper alloys are included:

Copper or Copper Alloy
UNS No. Name

C11000 copper
C14500 copper-tellurium
C14700 copper-sulfur
C36500 leaded Muntz metal
C37000 free-cutting Muntz metal
C37700 forging brass
C46400 naval brass
C48200 medium leaded naval brass
C48500 leaded naval brass
C61900 aluminum bronze
C62300 aluminum bronze, 9 %
C63000 aluminum-nickel bronze
C63200 aluminum-nickel bronze
C64200 aluminum-silicon bronze
C64210 aluminum-silicon bronze, 6.7 %
C65500 high-silicon bronze (A)
C67500 manganese bronze (A)
C67600 . . .
C70620 copper-nickel 90-10
C71520 copper-nickel 70-30
C77400 nickel silver, 45-10

1.2 Units—Values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units, which are provided for
information only and are not considered standard.

NOTE 1—Nominal composition and relative forgeability ratings are
given in Appendix X1. Copper-nickel alloys C70620 and C71520 are
intended for welded applications with seawater exposure.

NOTE 2—Wrought product intended for hot forging is described in
Specification B 124/B 124M.

1.3 The following safety caveat pertains only to Section 10
of this specification.This standard does not purport to address
all of the safety concerns, if any, associated with its use. It is
the responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 124/B 124M Specification for Copper and Copper Alloy
Forging Rod, Bar, and Shapes

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper Alloy Rod, Bar, Shapes and
Forgings

B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials
E 62 Test Methods for Chemical Analysis of Copper and

Copper Alloys (Photometric Method)
E 75 Test Methods for Chemical Analysis of Copper-Nickel

and Copper-Nickel-Zinc Alloys
E 478 Test Methods for Chemical Analysis of Copper

Alloys
2.2 ISO Standard:
7602 Determination of Tellurium Content (High Content)—

Flame Atomic Absorption Spectrometric Method3

2.3 Military Standards:
MIL-STD-792 Identification Marking Requirements for

Special Purpose Components4

NAVSEA T9074-AS-GIB-010/271 Requirements for Non-
destructive Testing Method4

3. General Requirements

3.1 The following sections of Specification B 249/B 249M
constitute a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Workmanship, Finish and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods,
3.1.8 Significance of Numerical Limits,

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1953. Last previous edition approved in 1999 as B 283 – 99a.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.

4 Available from DODSSP, Bldg. 4/Sec. D, 700 Robbins Ave., Philadelphia, PA
19111-5098.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Test Reports,
3.1.13 Packaging and Package Marking, and
3.1.14 Supplementary Requirements.
3.1.15 In addition, when a section with a title identical to

one of those referenced in 3.1, above, appears in this specifi-
cation, it contains additional requirements that supplement
those appearing in Specification B 249/B 249M.

4. Terminology

4.1 Definitions:
4.1.1 For definitions of terms related to copper and copper

alloys, refer to Terminology B 846.
4.2 Definition of Term Specific to This Standard:
4.2.1 hot pressed forging, n—a product made by pressing a

heated blank or section of wrought or cast copper or copper
alloy in a closed impression die.

5. Ordering Information

5.1 Include the following information when placing orders
for products to this specification, as applicable:

5.1.1 ASTM designation and year of issue,
5.1.2 Copper or Copper Alloy UNS No. designation

(Scope),
5.1.3 Drawing showing the shape dimensions and toler-

ances (Dimensions and Permissible Variations),
5.1.4 Temper (as specified herein),
5.1.5 Quantity: total weight or number of pieces for each

form, temper, and copper or copper alloy,
5.1.6 When product is purchased for agencies of the U.S.

government (as specified herein), and
5.1.7 When product must adhere to the requirements of

ASME Boiler and Pressure Vessel Code (Mechanical Property
Requirements).

5.2 The following requirements are optional and shall be
specified in the contract or purchase order.

5.2.1 Certification (as specified herein and Supplementary
Requirements),

5.2.2 Mill test report (as specified in B 249/B 249M), and
5.2.3 Ultrasonic inspection report (Supplementary Require-

ments).

6. Material and Manufacture

6.1 Materials:
6.1.1 The material of manufacture shall be a form of rods,

billets, or blanks cut from cast or wrought material of one of
the copper or copper alloys listed in the Scope of this
specification and of purity and soundness as to be suitable for
processing in to the products prescribed herein.

6.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 3—Due to the discontinuous nature of the processing of castings
into wrought products, it is not always practical to identify specific casting
analysis with a specific quantity of finished material.

6.2 Manufacture:

6.2.1 The product shall be manufactured by hot pressing
material between the upper and lower sections of a set of dies
conforming to the configuration defined by the purchaser’s
submitted drawings.

6.2.2 Product of Copper Alloy UNS No. C63000 and
C63200 shall be heat treated (as specified herein).

7. Chemical Composition

7.1 The material shall conform to the chemical composition
requirements in Table 1 for the Copper or Copper Alloy UNS
No. designation specified in the ordering information.

7.2 These composition limits do not preclude the presence
of other elements. By agreement between manufacturer and
purchaser, limits may be established and analysis required for
unnamed elements.

7.2.1 For alloys in which zinc is listed as a remainder, zinc
is the difference between the sum of results for all elements
determined and 100 %.

7.2.2 For alloys in which copper is listed as the remainder,
copper is the difference between the sum of results of all
elements determined and 100 %.

7.3 When all elements in Table 1 are determined for Copper
Alloy UNS No. C36500, C37000, C46400, C48200, C48500 ,
the sum of results shall be 99.6 % min, for all other alloys the
sum of results shall be 99.5 % min.

8. Temper

8.1 The standard tempers for products described in this
specification are as follows:

8.1.1 As hot forged-air cooled M10,
8.1.2 As forged-quenched M11,
8.1.3 Hot forged and annealed O20.
8.2 UNS Alloy Nos. C63000 and C63200 shall be furnished

as:
8.2.1 Quench hardened and temper annealed, TQ50.
8.3 Alloys C70620 and C71520 shall be furnished in the

following tempers:
8.3.1 As hot forged-air cooled M10, unless,
8.3.2 Hot forged and annealed O20 is specified.
8.4 Other tempers, shall be subjected to agreement between

the manufacturer and the purchaser.

9. Mechanical Property Requirements

9.1 Mechanical property requirements are subject to agree-
ment between the manufacturer and the purchaser.

9.2 Product furnished to this specification for UNS Alloy
No. C70620 and C71520 and specified to meet the require-
ments of theASME Boiler and Pressure Vessel Codeshall
conform to the tensile requirements prescribed in Table 2,
when tested in accordance with Test Methods E 8.

9.2.1 Acceptance or rejection based upon mechanical prop-
erties for UNS Alloy No. C70620 and C71520 shall depend
only on tensile strength.

10. Heat Treatment

10.1 Product produced from Copper Alloy UNS No.
C63200 shall be heat treated as follows:

10.1.1 Heat to 1550°F (843°C) minimum for 1 h minimum
and quench in water or other suitable medium.
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10.1.2 Temper Anneal at 13006 25°F (7046 14°C) for 3
to 9 h asrequired to meet mechanical properties.

11. Special Government Requirements

11.1 Product purchased for agencies of the U.S. government
shall conform to the additional requirements prescribed in the
Supplementary Requirements section of this specification.

12. Dimensions and Permissible Variations

12.1 The dimensions and tolerances for forgings shall be
those agreed upon between the manufacturer and the purchaser,
and such dimensions and tolerances shall be specified on the
drawings which form a part of the contract or purchase order.

NOTE 4—Typical tolerances commonly used for forgings are shown in
Table X2.1.

13. Test Methods

13.1 Chemical Analysis:
13.1.1 In case of disagreement, determine the composition

using the following methods:
Element ASTM Test Method

Aluminum E 478
Arsenic E 62
Copper E 478
Iron <1.3 % E 478, E 75 for CuNi

>1.3 % E 478, E 75 for CuNi
Lead E 478 (AA)
Manganese E 62, E 75 for CuNi
Nickel <5 % E 478 (photometric)

>5 % E 478 (gravimetric)
Phosphorus E 62

Silicon E 62 (perchloric
acid)

Tin <1.3 % E 478
>1.3 % E 478

Zinc <2 % E 478 (AA)
>2 % E 478 (titrimetric)

ISO Test Method
7602

Tellurium
__________
NOTE— < = less than: > = greater than

13.1.2 Test method(s) to be followed for the determination
of element(s) resulting from contractual or purchase order
agreement shall be as agreed upon between the manufacturer or
supplier and purchaser.

14. Certification

14.1 Certification to this specification is mandatory for
product purchased forASME Boiler and Pressure Vessel
applications.

15. Keywords

15.1 copper and copper alloy die forgings (hot pressed); die
forgings (hot pressed); UNS No. C11000; UNS No. C14500;
UNS No. C14700; UNS No. C36500; UNS No. C37000; UNS
No. C37700; UNS No. C46400; UNS No. C48200; UNS No.
C48500; UNS No. C61900; UNS No. C62300; UNS No.
C63000; UNS No. C63200; UNS No. C64200; UNS No.
C64210; UNS No. C65500; UNS No. C67500; UNS No.
C67600; UNS No. C70620; UNS No. C71520; UNS No.
C77400

TABLE 2 Tensile Requirements

Diameter or Section Thickness,
in. (mm)

Temper Designation
Standard Former

Tensile Strength, min
Yield Strength at 0.5 %

Extension Under Load, min Elongation in 4 3 Diameter or
Thickness of Specimen, min, %

ksi MPaA ksi MPaA

Copper Alloy UNS No. C37700

Up to 11⁄2 (38.1), incl M10 As Hot Forged–Air Cooled 50 345 18 124 25
Over 11⁄2 (38.1) M10 As Hot Forged–Air Cooled 46 317 15 103 30

Copper Alloy UNS No. C64200

Up to 11⁄2 (38.1), incl M10 As Hot Forged–Air Cooled 70 483 25 172 30
Over 11⁄2 (38.1) M10 As Hot Forged–Air Cooled 68 469 23 156 35

Copper Alloy UNS Nos. C46400, C48200 and C48500

All sizes M10 As Hot Forged–Air Cooled 52 358 22 152 25

Copper Alloy UNS No. C70620

Up to 6 (152.3), incl M10 As Hot Forged–Air Cooled 45 310 18 124 30
Over 6 (152.3) M10 As Hot Forged–Air Cooled 40 276 15 103 30
All sizes O20 Hot Forged and Annealed 40 276 15 103 30

Copper Alloy UNS No. C71520

Up to 6 (152.3), incl M10 As Hot Forged – Air Cooled 50 345 20 138 30
Over 6 (152.3) M10 As Hot Forged – Air Cooled 45 310 18 124 30
All sizes O20 Hot Forged and Annealed 45 310 18 124 30

A See Appendix X4.
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract or order, for agencies of the U.S. government.

S1. Supplementary Requirements S1, S2, and S4 of ASTM
B 249/B 249M shall apply.

S2. Identification Marking —Individual forgings shall be
marked with the producer’s name or trademark, this ASTM
specification number, the UNS number, and the heat number or
serial number. The method and location of marking shall be in
accordance with MIL-STD-792. If approved by the purchaser,
the forgings may be bundled or boxed and each bundle or box
provided with a metal or oil-proof tag showing the above
information.

S3. Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:

S3.1 Lot Size—For forgings weighing 250 lbs (114 kg) or
less, a lot shall be 2000 lbs (909 kg) or less, and shall consist
of forgings of the same design and alloy forged from the same
material heat and heat treated at the same time. For forgings
exceeding 250 lbs (114 kg), each individual forging shall
constitute a lot.

S3.2 Portion Size—For forgings less than 250 lbs (114 kg),
two forgings per lot shall be selected for tensile testing. Tensile
tests shall be performed on each forging over 250 lbs (114 kg).

S3.3 Chemical Analysis—If heat identification is required,
one sample for chemical analysis shall be taken for each heat
at the time of pouring or from semifinished or finished product.

S3.4 Tensile Testing—The tensile specimens shall be taken
from integral forging prolongations or shall be removed from
the forgings by trepanning. Alternatively, samples may be
taken from separately forged test bars of the same heat as the
forgings in the lot provided the wall thickness and amount of
working for the test bar are equivalent to those for the forgings.
The axis of the tensile specimen shall be located at any point
midway between the center and the surface of solid forgings
and at any point midway between the inner and outer surfaces
of the wall of hollow forgings, and shall be parallel to the
direction of greatest grain flow to the greatest extent possible.

S4. Liquid Penetrant Inspection—When specified by the
purchaser, each piece of each lot shall be inspected in accor-
dance with NAVSEA T9074-AS-GIB-101/271.

S5. Ultrasonic Inspection—When specified by the pur-
chaser, each piece of each lot shall be inspected.

S5.1 General Requirements—Ultrasonic testing shall be
performed in accordance with NAVSEA T9074-AS-GIB-101/
271. Acoustic compatibility between the production material
and the calibration standard material shall be within 75 %. If
the acoustic compatibility is within 25 %, no gain compensa-
tion is required for the examination. If acoustic compatibility
difference is between 25 and 75 %, a change in the gain or dB
controls shall be accomplished to compensate for the differ-
ences in acoustic compatibility. This method cannot be used if
the ultrasonic noise level exceeds 50 % of the rejection value.

S5.2 Calibration:
S5.2.1 Shear Wave—The shear wave test shall be calibrated

on two notches, one notch cut into the inside and one into the

outside surface. The notches shall be cut axially and shall have
a depth of 5 % of the material thickness or1⁄4 in. (6.4 mm),
whichever is less. Notch length shall not exceed 1 in. (25.4
mm). Notches shall be made either in the piece to be examined
or in a separate defect-free specimen of the same size
(within 61⁄8 in. (3.18 mm), shape, material, and condition, or
acoustically similar material. The position and amplitude of the
response from each notch shall be marked on the instrument
screen or a transparent overlay, and these marks shall be used
as the evaluation reference. Indications that appear between
these points shall be evaluated on the basis of a straight line
joining the two peak amplitudes.

S5.2.2 Longitudinal Wave—The longitudinal wave test shall
be calibrated on a flat-bottomed reference hole of a given
diameter in accordance with Table S5.1 for specified material
thickness drilled either into the piece to be tested or into a
separate defect-free specimen of the same size (within61⁄8 in.
(3.18 mm)), shape, material, and condition or acoustically
similar material. Holes are to be drilled to midsection and the
bottom of the hole shall be parallel to the entrant surface. The
ultrasonic test instrument shall be adjusted so that the response
from the reference hole shall not be less than 25 % and not
more than 75 % of screen height.

S5.2.3 Recalibration—During quality conformance inspec-
tion, any realignment of the search unit that will cause a
decrease in the calibrated sensitivity and resolution, or both, or
any change in search unit, couplant, instrument settings, or
scanning speed from that used for calibration shall require
recalibration. Recalibration shall be performed at least once per
8-h shift.

S5.3 Procedure:
S5.3.1 Ring and Hollow Round Products—Rings and other

hollow cylindrical products shall be tested using the shear
wave method by the contact or immersion technique. The shear
wave entrant angle shall be such to ensure reflection from the
notch or notches used in calibration. For contact testing, the
search unit shall be fitted with a wedge or shoe machined to fit
the curvature of the piece being inspected. The product also
shall be inspected with a longitudinal wave test from the
external circumferential and end surfaces.

S5.3.2 Disk or Pancake Forgings—Disk or pancake forg-
ings shall be inspected with a longitudinal wave technique
from both parallel surfaces.

S5.4 Acceptance Criteria:

TABLE S5.1 Ultrasonic Testing Reference Hole for Rod, Bar, Disk
Pancake Forgings, and Forgings

Material Thickness, in. (mm) Hole Diameter, in. (mm)

Up to and including 6 (152) 1⁄8 (3.18)
Over 6 (152) and including 16 (406) 1⁄4 (6.4)
Over 16 (406) As agreed upon
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S5.4.1 Shear Wave—Any material that produces indications
equal to or larger than the response from the reference notch or
higher than the straight line joining the two peak amplitudes
shall be rejected.

S5.4.2 Longitudinal Wave—Any material that produces in-
dications equal to or larger than the response from the
reference hole or that produces a complete loss of back
reflection shall be rejected. Material shall be tested using a
square, rectangular, or circular transducer having an effective

area of 1 in.2 or less, but no dimension shall be smaller than the
diameter of the reference hole. In the event of disagreement on
the degree of back reflection loss, it shall be determined by the
contact method using a 1- to 11⁄8-in. (25.4- to 28.6-mm)
diameter transducer or one whose area falls within this range.

S5.4.3 Reference Notch Removal—If reference notches or
flat-bottomed holes are made in the material to be tested, they
shall be so located that their subsequent removal will not
impair the suitability of the material for its intended use.

APPENDIXES

(Nonmandatory Information)

X1. NOMINAL COMPOSITION AND RELATIVE FORGEABILITY RATINGS

X1.1 The nominal composition of the various forging
materials are shown in Table X1.1.

X2. DIMENSIONAL TOLERANCES

X2.1 The data in Table X2.1 do not constitute a part of this
specification. They are given merely to indicate to the pur-
chaser the various forging types and some dimensional toler-

ances used on commercially designed hot-pressed forgings up
to 2 lbs (0.91 kg) in weight. For tolerances applicable to
heavier forgings, the manufacturers should be consulted.

TABLE X1.1 Nominal Compositions and Forgeability Ratings

Copper or Copper Alloy UNS No.

Nominal Composition, %
Forgeability

RatingA
Copper Lead Tin Iron Nickel Aluminum Silicon Manganese Zinc Sulfur

Tellu-
rium

C11000 100 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
C14500 99.45 . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.55 65
C14700 99.5 . . . . . . . . . . . . . . . . . . . . . . . . 0.35 . . . 65
C36500 60 0.6 . . . . . . . . . . . . . . . . . . 39.4 . . . . . . 100
C37000 60 1 . . . . . . . . . . . . . . . . . . 39 . . . . . . 100
C37700 60 2 . . . . . . . . . . . . . . . . . . 38 . . . . . . 100
C46400 60 . . . 0.8 . . . . . . . . . . . . . . . 39.2 . . . . . . 90
C48200 60 0.7 0.8 . . . . . . . . . . . . . . . 38.5 . . . . . . 90
C48500 60 1.8 0.8 . . . . . . . . . . . . . . . 37.4 . . . . . . 90
C61900 87.5 . . . . . . 3.5 . . . 9 . . . . . . . . . . . . . . . 75
C62300 88 . . . . . . 3 . . . 9 . . . . . . . . . . . . . . . 75
C63000 81 . . . . . . 3 5 10 . . . 1 . . . . . . . . . 75
C63200 81 . . . . . . 4 4.5 9 . . . 1.5 . . . . . . . . . 75
C64200 91 . . . . . . . . . . . . 7 2 . . . . . . . . . . . . 75
C64210 91.3 . . . . . . . . . . . . 6.7 2 . . . . . . . . . . . . 75
C65500 96 . . . . . . B . . . . . . 3 90 B . . . . . . 40
C67500 58.5 . . . 1 1 . . . . . . . . . 0.10 39.4 . . . . . . 80
C67600 58.5 0.75 1 1 . . . . . . . . . 0.10 39.6 . . . . . . 80
C70620 86.5 . . . . . . 1.4 10.0 . . . . . . 1 . . . . . . . . . 75
C71520 65.0 . . . . . . 0.7 31.0 . . . . . . 1 . . . . . . . . . 40
C77400 45 . . . . . . . . . 10 . . . . . . . . . 45 . . . . . . 85

A Relative forgeability rating takes into consideration such variable factors as pressure, die wear, and plasticity (hot). Since it is impracticable to reduce these variables
to common units, calibration in terms of a percentage of the most generally used alloy, forging brass (100 %), is considered the most practical basis for such ratings. The
values shown represent the general opinion and are intended for information to enable the designer to better understand the forging characteristics of these various alloys.
Intricate parts are more likely to be available in alloys having a high rating.

B One or more of these elements may be present as specified in Table 2.
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X3. TYPICAL MECHANICAL PROPERTIES

X3.1 Mechanical properties of any forging are influenced
by shape and size. Unless otherwise specified in the purchase
order or specifically guaranteed by the manufacturer, accep-

tance of forgings under this specification shall not depend on
the mechanical properties determined by tension or hardness
tests. (Frequently, the design of forgings will not permit

TABLE X2.1 Dimensional Tolerances

Tolerances, Plus and Minus, in. (mm) Except as IndicatedA

Copper or Copper Alloy UNS Nos.

C11000 C36500
C37000

C14500 C37700
C14700 C46400 C63000
C61900 C48200 C77400 C63200
C62300 C48500 C65500
C64200 C67500 C70620
C64210 C67600 C71520

Forging types:

Solid 0.010 (0.25) 0.008 (0.20) 0.008 (0.20) 0.012 (0.30)
Solid, with symmetrical cavity 0.010 (0.25) 0.008 (0.20) 0.008 (0.20) 0.012 (0.30)
Solid, with eccentric cavity 0.012 (0.30) 0.008 (0.20) 0.008 (0.20) 0.012 (0.30)
Solid, deep extrusion 0.012 (0.30) 0.010 (0.25) 0.010 (0.25) 0.014 (0.36)
Hollow, deep extrusion 0.012 (0.30) 0.010 (0.25) 0.010 (0.25) 0.014 (0.36)
Thin section, short (up to 6 in. (152 mm) incl.) 0.012 (0.30) 0.010 (0.25) 0.010 (0.25) 0.014 (0.36)
Thin section, long (over 6 in. (152 mm) to 14 in. (356 mm) incl.) 0.015 (0.38) 0.015 (0.38) 0.015 (0.38) 0.020 (0.51)
Thin section, round 0.012 (0.30) 0.010 (0.25) 0.010 (0.25) 0.014 (0.36)

Draft angles, outside and inside 1 to 5° 1⁄2 ° 1⁄2 ° 1⁄2 ° 1⁄2 °
Machining allowance (on one surface) 1⁄32 (0.79) 1⁄32 (0.79) 1⁄32 (0.79) 1⁄32 (0.79)
Flatness (maximum deviation per inch) 0.005 (0.13) 0.005 (0.13) 0.005 (0.13) 0.005 (0.13)
Concentricity (total indicator reading) 0.030 (0.76) 0.020 (0.51) 0.030 (0.76) 0.030 (0.76)
Nominal web thickness: 5⁄32 (4.0) 1⁄8 (3.2) 1⁄8 (3.2) 3⁄16 (4.8)

Tolerance 1⁄64 (0.40) 1⁄64 (0.40) 1⁄64 (0.40) 1⁄64 (0.40)
Nominal fillet and radius: 3⁄32 (2.4) 1⁄16 (1.6) 1⁄16 (1.6) 1⁄8 (3.2)

Tolerance 1⁄64 (0.40) 1⁄64 (0.40) 1⁄64 (0.40) 1⁄64 (0.40)
Approximate flash thickness 1⁄16 (1.6) 3⁄64 (1.2) 3⁄64 (1.2) 5⁄64 (2.0)

A If tolerances all plus or all minus are desired, double the values given.

TABLE X3.1 Typical Mechanical Properties of Forgings as Hot Pressed, Temper M10, M11, or TQ50 A

Copper or
Copper Alloy

UNS No.

0.505-in. (128-mm) Diameter Test Section
Rockwell Hardness
(Filed Surface, 1⁄8-in.

(3.18-mm) Chord, min)

Tensile Strength
Yield Strength

(0.5 % Extension Under Load) Elongation in
4 3 Diameter, %

F Scale B Scale

ksi MPaB ksi MPaB

C11000 33 230 11 75 40 37 . . .
C14500 34 235 12 85 35 40 . . .
C14700 34 235 12 85 35 40 . . .
C36500 58 400 23 160 40 . . . 45
C37000 58 400 23 160 40 . . . 45
C37700 58 400 23 160 40 . . . 45
C46400 64 440 26 180 40 . . . 55
C48200 64 440 26 180 40 . . . 55
C48500 62 425 24 165 40 . . . 55
C61900 82 565 37 255 32 . . . 82
C62300 82 565 37 255 32 . . . 82
C63000 95 655 48 330 15 . . . 90
C63200 92 635 45 310 18 . . . 88
C64200 83 570 41 285 35 . . . 77
C64210 83 570 41 285 35 . . . 77
C65500 52 360 18 125 70 . . . 62
C67500 72 495 34 235 33 . . . 69
C67600 72 495 34 235 33 . . . 69
C71520 55 380 20 138 45 . . . 35
C77400 83 570 36 250 25 . . . 73

A For Copper Alloy UNS Nos. C63000 and C63200.
B See Appendix X4.
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adequate test sections.) Therefore, the data in Table X3.1 do
not constitute a part of this specification, and are given for
general information only. They are typical of forgings up to 2
lbs (0.91 kg) in weight.

X4. METRIC EQUIVALENTS

X4.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg · m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this specification since the last issue
(B 283 – 99a) that may impact the use of this standard. (Approved May 1, 2004.)

(1) A five-year review was conducted. Editorial revisions to
most sections were made to incorporate current form and style
practice. The following were effected: Sections 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 13, and Table 2.
(2) UNS Alloy No. C37000 was added to this specification and
specifically to Sections 1.1, 7.3, Table 1, Table X1.1, Table
X2.1, and Table X3.1.

(3) Corrected the chemistry for UNS Alloy No. C67600 listed
in Table 1 and Table X1.1.

(4) Corrected the chemistry for UNS Alloy No. C65500 listed
in Table X1.1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 301/B 301M – 04

Standard Specification for
Free-Cutting Copper Rod, Bar, Wire, and Shapes 1

This standard is issued under the fixed designation B 301/B 301M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes the requirements for free-
cutting copper rod, bar, wire, and shapes of UNS Alloy Nos.
C14500, C14510, C14520, C14700, and C18700, suitable for
high-speed screw machine work or for general applications.

1.2 Typically, product made to this specification is furnished
as straight lengths. Sizes1⁄2 in. [12 mm] and under may be
furnished in coils when requested.

1.3 Units—The values stated in either inch-pound or SI
units are to be regarded separately as standard. Within the text,
SI units are shown in brackets. The values stated in each
system are not exact equivalents; therefore, each system shall
be used independently of the other. Combining values from the
two systems may result in nonconformance with this specifi-
cation.

2. Referenced Documents

2.1 ASTM Standards:2

B 193 Test Method for Resistivity of Electrical Conductor
Materials

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes, and
Forgings

B 250/B 250M Specification for General Requirements for
Wrought Copper-Alloy Wire

E 8 Test Methods for Tension Testing of Metallic Materials
E 8M Test Methods for Tension Testing of Metallic Mate-

rials
E 121 Test Methods for Chemical Analysis of Copper-

Tellurium Alloys
E 478 Test Methods for Chemical Analysis of Copper

Alloys

3. General Requirements

3.1 The following sections of Specifications B 249/B 249M
or B 250/B 250M constitute a part of this specification.:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Dimensions and Permissible Variations,
3.1.4 Workmanship, Finish, and Appearance,
3.1.5 Sampling,
3.1.6 Number of Tests and Retests,
3.1.7 Specimen Preparation,
3.1.8 Test Methods,
3.1.9 Inspection,
3.1.10 Significance of Numerical Limits,
3.1.11 Rejection and Rehearing,
3.1.12 Certification,
3.1.13 Test Reports,
3.1.14 Packaging and Package Marking, and
3.1.15 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements which supplement those appearing in
Specifications B 249/B 249M or B 250/B 250M.

4. Ordering Information

4.1 Include the following information in orders for prod-
ucts:

4.1.1 ASTM designation and year of issue,
4.1.2 Copper UNS No. designation,
4.1.3 Product (rod, bar, wire, or shape),
4.1.4 Cross section (round, hexagonal, square, and so forth),
4.1.5 Temper (Section 6),
4.1.6 Dimensions, diameter or distance between parallel

surfaces; width and thickness,
4.1.7 How furnished: straight lengths, coils, or reels,
4.1.8 Length (Section 9.3),
4.1.9 Total length, or number of pieces of each size,
4.1.10 Total weight of each size, and
4.1.11 When product is purchased for agencies of the U.S.

government (Specifications B 249/B 249M or B 250/B 250M).
4.2 The following options are available and should be

specified at the time of placing of the order when required:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rods,
Bar, Wire, Shapes, and Forgings.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1955. Last previous edition approved in 1999 as B 301/B 301M – 99.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



4.2.1 Certification (Specifications B 249/B 249M or B 250/
B 250M),

4.2.2 Mill Test Reports (Specifications B 249/B 249M or
B 250/B 250M),

4.2.3 Yield strength tests (Section 8),
4.2.4 Resistivity tests (Section 7), and
4.2.5 Automatic screw machine use (9.4).

5. Chemical Composition

5.1 The material shall conform to the chemical composition
requirements in Table 1 for the UNS No. designation specified
in the ordering information.

5.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

6. Temper

6.1 The standard tempers for products described in this
specification are given in Table 2.

6.1.1 Rod (round, hexagonal, and octagonal) shall be fur-
nished in H02 (half-hard) temper for general use and applica-
tions involving moderate cold forming and in H04 (hard)
temper (round only) for applications that require maximum
strength and resistance to bending under cutting-tool pressure.

6.1.2 Bar shall be furnished in H04 (hard) temper only.
6.1.3 Wire shall be furnished in H02 (half-hard) or H04

(hard) temper.
6.2 Other tempers, and temper for other products including

shapes, shall be subject to agreement between the manufacturer
and the purchaser.

7. Physical Property Requirements

7.1 Electrical Requirements:
7.1.1 The product produced from Copper UNS Nos.

C14500, C14520, C14700, and C18700 shall conform to the
following electrical requirements, when tested in accordance
with Test Method B 193, at a temperature of 68°F [20°C].

UNS No. Resistivity, max, V, g/m2 Conductivity, min, % IACSA

C14500 0.180 33 85.0
C14520 0.204 37 75.0
C14700 0.170 30 90.0
C18700 0.170 30 90.0

_______________
A International Annealed Copper Standard.

7.1.2 Copper UNS No. C14510 is not intended for electrical
applications. This alloy, therefore, has no electrical require-
ments.

7.1.3 Electrical resistivity tests need not be made except
when indicated by the purchaser at the time of placing the
order. The electrical resistivity tests shall be made on annealed
test specimens.

8. Mechanical Property Requirements

8.1 The product shall conform to the tensile strengh and
elongation requirements of Table 2 when tested in accordance
with Test Methods E 8 and E 8M.

8.2 When specified in the contract or purchase order, the
yield strength shall be determined and conform with the yield
strength requirements of Table 2 when tested in accordance
with Test Methods E 8 and E 8M.

9. Dimensions, Mass, and Permissible Variations

9.1 The dimensions and tolerances for material described by
this specification shall be as specified in Specifications B 249/
B 249M or B 250/B 250M with particular reference to the
following tables and related paragraphs in those specifications.

9.2 Diameter or Distance Between Parallel Surfaces:
9.2.1 Rod (Round, Hexagonal, and Octagonal)—See 6.2

and Table 1 of Specification B 249/B 249M.
9.2.2 Bar (Rectangular and Square)—See 6.2 and Tables 7

and 10 of Specification B 249/B 249M.
9.2.3 Wire—See 6.2 and Table 1 of Specification B 250/

B 250M.
9.3 Lengths—H04 (hard) temper bar, unless otherwise

specified, and all rod shall be furnished in straight lengths. See
6.3 and Tables 13 and 14 of Specification B 249/B 249M.

9.4 Straightness—See 6.4 and Table 16 of Specification
B 249/B 249M.

TABLE 1 Chemical Requirements

Element

Composition, %

Copper or Copper Alloy UNS No.

C14500A C14510 C14520 C14700A C18700

Tellurium 0.40–0.7 0.30–0.7 0.40–0.7 . . . . . .
Sulfur . . . . . . . . . 0.20–0.50 . . .
Lead . . . 0.05 max . . . . . . 0.8–1.5
Phosphorus 0.004–0.012 0.010–0.030 0.004–0.020 0.002–0.005 . . .
Copper (incl silver) 99.90 minB 99.85 minB 99.90 minB 99.90 minC 99.5 minD

A Includes oxygen-free or deoxidized grades with deoxidizers (such as phosphorus, boron, lithium, or other) in an amount agreed upon.
B Includes tellurium.
C Includes sulfur and phosphorus.
D Includes lead.
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9.4.1 General use straightness tolerances will apply unless
rod is specified for automatic screw machine use at the time of
placing the order.

9.5 Edge Contours—See 6.5 of Specification B 249/
B 249M.

10. Test Methods

10.1 Chemical Analysis:

10.1.1 Composition shall be determined, in case of dis-
agreement, as follows:

Element Test Methods

Copper E 478
Phosphorus E 478
Tellurium E 121
Lead E 478

11. Keywords
11.1 free-cutting copper rod and bar; free-cutting copper

wire; lead-bearing copper rod and bar; screw machine work;
tellurium-bearing copper rod and bar; UNS No. C14500; UNS
No. C14510; UNS No. C14520; UNS No. C14700; UNS No.
C18700

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 301/B 301M – 99) that may impact the use of this standard. (Approved May 1, 2004.)

(1) Updated references to B 249/B 249M and B 250/B 250M.
(2) Revised Table 1 to conform with UNS Standard Alloy
Designations.
(3) Clarified size ranges for bar in Table 2 with an added
footnote.

(4) Clarified rod straightness tolerances.

(5) Added alloy numbers to keywords.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 2 Tensile Requirements

Temper Designation Diameter or Distance Between
Parallel Surfaces,A in. [mm]

Tensile Strength, min Yield Strength at 0.5 % Extension
Under Load,B min

Elongation in 43 diameter
or thickness of specimen,C

min, %Standard Former ksi MPa ksi MPa

HO2 half-hard Rod:
1⁄16 to 1⁄4 [1.5 to 6.5], incl 38 260 30 205 8
over 1⁄4 to 25⁄8 [6.5 to 67], incl 38 260 30 205 12

Wire:
1⁄16 to 1⁄2 [1.5 to 12], incl 38 260 6

HO4 hard Rod (round only):
1⁄16 to 1⁄4 [1.5 to 6.5], incl 48 330 40 275 4
over 1⁄4 to 11⁄4 [6.5 to 32], incl 44 305 38 260 8
over 11⁄4 to 3 [32 to 76], incl 40 275 35 240 8

Bar:
over 0.188 to 3⁄8 [5 to 10], incl 42 290 35 240 10
over 3⁄8 to 1⁄2 [10 to 12], incl 40 275 32 220 10
over 1⁄2 to 2 [12 to 50], incl 33 225 18 125 12
over 2 to 4 [50 to 100], incl 32 220 15 105 12

Wire:
1⁄16 to 1⁄2 [1.5 to 12], incl 48 330 ... ... 4

A For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
B Not determined unless specifically requested.
C In any case, a minimum gage length of 1 in. [25 mm] shall be used.
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Designation: B 302 – 02

Standard Specification for
Threadless Copper Pipe, Standard Sizes 1

This standard is issued under the fixed designation B 302; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes requirements for thread-
less, seamless, deoxidized copper pipe (TP) in straight lengths,
in all nominal or standard pipe sizes, for piping systems that
are assembled with brazed-joint pipe fittings. The pipe shall be
produced from either of coppers UNS Nos. C10300 or C12200.

1.2 The values stated in inch-pound units are the standard.
The values given in parentheses are provided for information
only.

1.3 The following safety hazard caveat pertains only to the
test methods described Section 16 of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to its use.

2. Referenced Documents

2.1 ASTM Standards:
B 601 Classification for Temper Designations for Copper

and Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry5

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)5

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes6

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition5

3. Terminology

3.1 Definitions—Refer to Terminology B 846 for definitions
of terms related to copper and copper alloys.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 threadless pipe (TP)—seamless tube conforming to

the particular dimensions commercially known as “Threadless
Pipe (TP).”

4. Ordering Information

4.1 Orders for products under this specification shall include
the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Copper UNS No. designation,
4.1.3 Nominal or standard size (Table 1), and
4.1.4 Total length, total weight, or number of pieces of each

size.
4.2 The following options are available and are to be

specified in the contract or purchase order at the time of placing
of the order:

4.2.1 Tension test (Section 8),
4.2.2 Hydrostatic test (10.2),
4.2.3 Pneumatic test (10.3),
4.2.4 Heat identification or traceability requirements,
4.2.5 Certification (Section 20), and
4.2.6 Mill test report (Section 21).

5. Materials and Manufacture

5.1 Material—The material of manufacture shall be cast
billets, bars, or tubes of copper UNS No. C10300 or C12200
and shall be of such quality and soundness as to be suitable for
processing into finished lengths of pipe to meet the properties
prescribed herein.

5.2 Manufacture:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 302 – 55T. Last previous edition B 302 – 00.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.06. 6 Annual Book of ASTM Standards, Vol 03.03.

1

*A Summary of Changes section appears at the end of this standard.
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5.2.1 The pipe shall be manufactured by such hot extrusion
or piercing and subsequent cold working as to produce a
uniform, seamless wrought structure in the finished product.

5.2.2 The product shall be cold worked to the finished size
so as to meet the temper properties specified.

6. Chemical Composition

6.1 The product shall conform to the chemical composition
requirements specified in Table 2 for the copper UNS number
designation specified in the ordering information.

6.2 These composition limits do not preclude the presence
of other elements. Limits for unnamed elements shall be
established and analysis required by agreement between the
manufacture or supplier and purchaser.

7. Temper

7.1 The product shall be furnished in the H58 (drawn
general purpose) temper as defined in Classification B 601.

8. Mechanical Properties

8.1 Tensile Strength:
8.1.1 Product in all sizes and coppers shall have a minimum

tensile strength of 36 ksi (250 MPa) when tested in accordance
with Test Methods E 8.

8.1.2 The tension test need not be performed except when
specified by the purchaser in the ordering information at the
time of placing of the order.

8.2 Rockwell Hardness—Product in all sizes and coppers
shall have a minimum Rockwell F hardness of 55 when tested
in accordance with Test Methods E 18.

9. Microscopical Examination

9.1 The pipe shall be made from copper free from cuprous
oxide, as determined by microscopical examination at a mag-
nification of 75 diameters. When copper UNS No. C12200 is
supplied, microscopical examination for cuprous oxide is not
required.

10. Nondestructive Test Requirements

10.1 Electromagnetic (Eddy-Current) Test:
10.1.1 Each tube up to and including 21⁄2-in. nominal pipe

size shall be subjected to an eddy-current test. Testing shall
follow the procedures of Practice E 243 and 15.2.

10.1.1.1 The provisions for the determination of “end-
effect” in Practice E 243 shall not apply.

10.1.1.2Hydrostatic Test Alternative—As an alternative to
the eddy-current test for tubes of diameters above 1.25 in. (32
mm), the manufacturer shall perform the hydrostatic test to the
requirements of 10.2.

10.1.2 The tested tubes, which do not actuate the signaling
device of the testing unit, shall be considered as conforming to
the requirements of the test.

10.1.3 Either notch depth or drilled hole standards shall be
used.

10.1.3.1 Notch depth standards shall be 10 % of the nominal
wall thickness.

10.1.3.2 The sizes of drilled hole standards shall be deter-
mined in accordance with Table X1.2 of Practice E 243.

10.2 Hydrostatic Test:
10.2.1 When specified in the contract or purchase order, or

as an alternative to the eddy-current test for tubes above 1.25
in. (32 mm) in diameter (see 10.1.1.2), each tube shall stand,
without showing evidence of leakage, an internal hydrostatic
pressure sufficient to produce a fiber stress of 6000 psi (41
MPa) as determined by the following equation for thin hollow
cylinders under tension:

P 5 2St/~D 2 0.8t! (1)

TABLE 1 Dimensions and Weights and Tolerance in Diameter and Wall Thickness for Copper Threadless Pipe (TP) Sizes

Nominal or Standard
Pipe Size, in.

Outside Diameter, in.
(mm)

Inside Diameter,
in. (mm),

Wall Thickness,
in. (mm)

Cross-Sectional
Area of Bore,

in.2 (cm2)

Theoretical Weight,
lb/ft (kg/m)

Tolerances, in. (mm)

Average Outside
Diameter,A All Minus

Wall Thickness Plus
and Minus

1⁄4 0.540 (13.7) 0.410 (10.4) 0.065 (1.65) 0.132 (0.852) 0.376 (0.559) 0.004 (0.10) 0.0035 (0.089)
3⁄8 0.675 (17.1) 0.545 (13.8) 0.065 (1.65) 0.233 (1.50) 0.483 (0.719) 0.004 (0.10) 0.004 (0.10)
1⁄2 0.840 (21.3) 0.710 (18.0) 0.065 (1.65) 0.396 (2.55) 0.613 (0.912) 0.005 (0.13) 0.004 (0.10)
3⁄4 1.050 (26.7) 0.920 (23.4) 0.065 (1.65) 0.665 (4.29) 0.780 (1.16) 0.005 (0.13) 0.004 (0.10)
1 1.315 (33.4) 1.185 (30.1) 0.065 (1.65) 1.10 (7.10) 0.989 (1.47) 0.005 (0.13) 0.004 (0.10)

11⁄4 1.660 (42.2) 1.530 (38.9) 0.065 (1.65) 1.84 (11.9) 1.26 (1.87) 0.006 (0.15) 0.004 (0.10)

11⁄2 1.900 (48.3) 1.770 (45.0) 0.065 (1.65) 2.46 (15.9) 1.45 (2.16) 0.006 (0.15) 0.004 (0.10)
2 2.375 (60.3) 2.245 (57.0) 0.065 (1.65) 3.96 (25.5) 1.83 (2.72) 0.007 (0.18) 0.006 (0.15)

21⁄2 2.875 (73.0) 2.745 (69.7) 0.065 (1.65) 5.92 (38.2) 2.22 (3.30) 0.007 (0.18) 0.006 (0.15)

3 3.500 (88.9) 3.334 (84.7) 0.083 (2.11) 8.73 (56.3) 3.45 (5.13) 0.008 (0.20) 0.007 (0.18)
31⁄2 4.000 (102) 3.810 (96.8) 0.095 (2.41) 11.4 (73.5) 4.52 (6.73) 0.008 (0.20) 0.007 (0.18)
4 4.500 (114) 4.286 (109) 0.107 (2.72) 14.4 (92.9) 5.72 (8.51) 0.010 (0.25) 0.009 (0.23)

5 5.562 (141) 5.298 (135) 0.132 (3.40) 22.0 (142) 8.73 (13.0) 0.012 (0.30) 0.010 (0.25)
6 6.625 (168) 6.309 (160) 0.158 (4.01) 31.3 (202) 12.4 (18.5) 0.014 (0.36) 0.010 (0.25)
8 8.625 (219) 8.215 (209) 0.205 (5.21) 53.0 (342) 21.0 (31.2) 0.018 (0.46) 0.014 (0.36)

10 10.750 (273) 10.238 (260) 0.256 (6.50) 82.3 (531) 32.7 (48.7) 0.018 (0.46) 0.016 (0.41)
12 12.750 (324) 12.124 (308) 0.313 (7.95) 115 (742) 47.4 (70.5) 0.018 (0.46) 0.020 (0.51)

A The average outside diameter of a tube is the average of the maximum and minimum outside diameters, as determined at any one cross section of the tube.

TABLE 2 Chemical Requirements

Copper UNS No.
Composition, %

Copper (Incl Silver), min Phosphorus
C10300 99.95A 0.001 to 0.005
C12200 99.9 0.015 to 0.040

A Copper + silver + phosphorus.
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where:
P = hydrostatic pressure, psi (MPa);
t = wall thickness of the material, in. (mm);
D = outside diameter of the material, in. (mm); and
S = allowable stress of the material, psi (MPa).

10.2.1.1 The tube need not be subjected to a pressure gage
reading over 1000 psi (6.9 MPa) unless specifically stipulated
in the contract or purchase order.

10.3 Pneumatic Test—When specified in the contract or
purchase order, each tube shall be subjected to a minimum
internal air pressure of 60 psig (415 kPa) for 5 s without
showing evidence of leakage.

11. Dimensions, Mass, and Permissible Variations

11.1 General—The standard method of specifying wall
thickness shall be in decimal fractions of an inch. For the
purpose of determining conformance with the dimensional
requirements prescribed in this specification, any measured
value outside the specified limiting values for any dimension
shall be cause for rejection.

11.2 Dimensions and Weights—Dimensions and weights for
the various nominal or standard sizes, together with tolerances
in diameter and wall thickness, shall be in accordance with
Table 1.

11.3 Wall Thickness and Diameter Tolerances—Wall thick-
ness and diameter tolerances shall be in accordance with Table
1.

11.4 Roundness Tolerance—The roundness tolerances shall
be in accordance with Table 3.

11.5 Length and Length Tolerance—The standard length of
the material shall be 20 ft (6.10 m) except for the 12-in.
(305-mm) size, which shall be 15 ft (4.57 m). The length
tolerances shall be plus 1 in. (25 mm), minus 0.

11.6 Squareness of Cut—The departure from squareness of
the end of any pipe shall not exceed the following:

Outside Diameter,
in. (mm) Tolerance

Up to 5⁄8 (15.9) incl 0.010 in. (0.25 mm)
Over 5⁄8 (15.9) 0.016 in./in. (0.016 mm/mm) of diameter

12. Workmanship, Finish and Appearance

12.1 The product shall be free of defects, but blemishes of
a nature that do not interfere with the intended application are
acceptable.

13. Sampling

13.1 The lot size, portion size, and sample size of the
finished product shall be as follows:

13.1.1 Lot Size—An inspection lot shall be 5000 lbs (2270
kg) or fraction thereof, subject to inspection at one time.

13.1.2 Portion Size—A portion shall be taken to represent
an inspection lot according to the following schedule:

Number of Pieces in Lot Number of Samples to be TakenA

1 to 50 1
51 to 200 2
201 to 1500 3
Over 1500 0.2 % of the total number of pieces in the lot, but

not to exceed ten pieces.
————————

A Each test portion shall be taken from a separate tube.

13.2 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
millings, and so forth shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 13.1 and combined into one composite sample. The
minimum weight of the composite sample that is to be divided
into three equal parts shall be 150 g.

13.2.1 As an alternative to sampling in accordance with
Practice E 255, the manufacturer shall determine conformance
to chemical composition as follows: Conformance shall be
determined by the manufacturer by analyzing samples taken at
the time the castings are poured or samples taken from the
semifinished product. If the manufacturer determines the
chemical composition of the material during the course of
manufacture, the manufacturer shall not be required to sample
and analyze the finished product. The number of samples taken
for determination of chemical composition shall be as follows:

13.2.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

13.2.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 lb
(4550 kg) or fraction thereof, except that not more than one
sample shall be required per piece.

13.2.1.3 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 1—Because of the discontinuous nature of the processing of
castings into wrought products, it is not practical to identify specific
casting analysis with a specific quantity of finished material.

14. Number of Tests and Retests

14.1 Tests:
14.1.1 Chemical Analysis—Chemical composition shall be

determined as per the element mean of the results from at least
two replicate analyses of the samples.

14.1.2 Mechanical Properties—The required tests for me-
chanical properties shall be made on specimens taken from
each sample piece selected.

14.2 Retests:
14.2.1 When the results of tests obtained by the purchaser

fail to conform to the requirements of the product specification,
and if requested by the manufacturer or supplier, a retest shall
be performed.

14.2.2 The retest shall be as directed in the product speci-
fication for the initial test except the number of test specimens
shall be twice that normally required for the specified test.

TABLE 3 Roundness Tolerances

t/D, Ratio of Wall Thickness to Outside
Diameter

Diameter Roundness Tolerances,A

% of Outside Diameter
(Expressed to the Nearest 0.001

in.) (Nearest 0.01 mm)

0.01 to 0.03, incl 1.5
Over 0.03 to 0.05, incl 1.0
Over 0.05 to 0.10, incl 0.8
Over 0.10 0.7

A The deviation from roundness is measured as the difference between major
and minor outside diameters as determined at any one cross section of the tube.
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14.2.3 All test specimens shall conform to the product
specification requirements in retest. Failure to conform shall be
cause for rejection.

15. Specimen Preparation

15.1 Chemical Analysis—Analytical specimen preparation
shall be the responsibility of the reporting laboratory.

15.2 Tensile Testing—Tension test specimens shall be of the
full section of the tube and shall conform to the requirements
of Test Methods E 8, unless the limitations of the testing
machine preclude the use of such a specimen. Test specimens,
conforming to Type No. 1 of Fig. 13, Tension Test Specimens
for Large-Diameter Tubular Products, of Test Methods E 8, are
to be used when a full-section specimen cannot be tested.

16. Test Methods

16.1 Chemical Analysis:
16.1.1 Composition shall be determined, in case of dis-

agreement, as follows:
Element Test Methods

Copper E 53
Phosphorus E 62

16.1.2 Test methods for the determination of element(s)
required by contractual or purchase order agreement shall be as
agreed upon by the manufacturer and the purchaser.

16.2 Other Tests:
16.2.1 The tubes furnished shall conform with the mechani-

cal properties when tested or examined in accordance with the
following appropriate test method or practice:

Test Test Method or Section

Tensile strength E 8
Rockwell hardness E 18
Electromagnetic examination

(Eddy Current) E 243
Hydrostatic pressure Section 16.2.4
Pneumatic pressure Section 16.2.5

16.2.1.1 Whenever tension test results are obtained from
both full-size and machined specimens and they differ, the test
results from the full-size specimens shall prevail.

16.2.2 Tension test results on material covered by this
specification are not seriously affected by variations in speed of
testing. A considerable range of testing speed is possible;
however, the rate of stressing to the yield strength is not to
exceed 100 ksi (690 MPa)/min. Above the yield strength, the
movement per minute of the testing machine head under load
is not to exceed 0.5 in./in. (0.5 mm/mm) of gage length (or
distance between grips for full-section specimens).

16.2.3 Electromagnetic (Eddy-Current) Test—Testing shall
follow the procedures in Practice E 243, except for the deter-
mination of “end-effect.”

16.2.3.1 Notch-depth standards shall be rounded to the
nearest 0.001 in. (0.025 mm). The notch depth tolerance shall
be 60.0005 in. (0.013 mm).

16.2.3.2 Drilled hole standards shall be rounded to the
nearest 0.001 in. (0.025 mm). The drilled hole tolerance shall
be 60.0005 in. (0.013 mm).

16.2.3.3 Alternatively, if using speed-insensitive eddy cur-
rent testing units that are equipped to select a percentage of the
maximum imbalance signal, a maximum imbalance signal of
0.3 % shall be used.

16.2.3.4 Tubes that do not activate the signaling device of
the eddy-current tester shall be considered as conforming to the
requirements of this test. If reexamined or retested, tubes with
signals that are found to have been caused by minor mechani-
cal damage, soil, or moisture shall not be cause for rejection of
the tubes provided the tube dimensions are still within pre-
scribed limits and the tube is suitable for its intended applica-
tion.

16.2.4 Hydrostatic Test—The test method used shall pro-
vide for easy visual detection of any leakage or by pressure
differential. Any evidence of leakage shall be cause for
rejection.

16.2.5 Pneumatic Test—The test method used shall provide
for easy visual detection of any leakage or by pressure
differential. Any evidence of leakage shall be cause for
rejection.

17. Significance of Numerical Limits

17.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property
Rounded Unit for Observed or

Calculated Value

Chemical composition nearest unit in the last right-hand significant
digit used in expressing the limiting value

Tensile strength nearest ksi (nearest 5 MPa)

18. Inspection

18.1 The manufacturer, or supplier, shall inspect and make
tests necessary to verify the product furnished conforms to
specification requirements.

18.2 When required, source inspection of the product by the
purchaser shall be agreed upon between the manufacturer, or
supplier, and the purchaser as part of the purchase order. In
such a case, the nature of the facilities needed to satisfy the
inspector representing the purchaser that the product is being
furnished in accordance with the specification shall be included
in the agreement. All tests and the inspection shall be con-
ducted so as not to interfere unnecessarily with the operation of
the works.

18.3 By mutual agreement between the manufacturer or
supplier and purchaser, the final inspection shall be conducted
simultaneously.

19. Rejection and Rehearing

19.1 Rejection:
19.1.1 Product that fails to conform to the requirements of

this specification when tested by the purchaser or purchaser’s
agent shall be subject to rejection.

19.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly, and in writing.
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19.1.3 In case of dissatisfaction with results of the test upon
which rejection is based, the manufacturer, or supplier, shall
make claim for a rehearing.

19.2 Rehearing—If product rejection is disputed, the manu-
facturer, or supplier, shall not be prohibited from making claim
for a retest to be conducted by the manufacturer, or supplier,
and the purchaser. Samples of the rejected product shall be
taken in accordance with the product specification and sub-
jected to test by both parties using the test method(s) specified
in the product specification. Or, upon agreement of the manu-
facturer, or supplier, and purchaser, samples of the rejected
product shall be taken in accordance with the product specifi-
cation and subjected to test by an independent laboratory, using
the test method(s) specified in the product specification.

20. Certification

20.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and requirements have been met.

21. Test Report

21.1 When specified in the contract or purchase order, a
report of test results shall be furnished.

22. Packaging and Package Marking

22.1 The product shall be separated by size, composition,
and temper and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

22.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, total length or piece count or both, and name of supplier.
The specification number shall be shown, when specified.

23. Product Identification

23.1 Product Identification—The name or trademark of the
manufacturer and “TP” shall be permanently marked (incised)
on each length at intervals not greater than 11⁄2 ft (0.457 m).

23.2 Threadless pipe is further identified throughout its
length by a continuous gray colored marking not less than3⁄16

in. (4.76 m) in height, including a legend repeated at intervals
not greater than 3 ft (0.914 m). The legend includes “TP,” the
name or trademark or both of the manufacturer, and the country
of origin.

24. Keywords

24.1 brazed-joint pipe fittings; threadless copper pipe;
threadless pipe; threadless pipe (TP)

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of 1 kg
gives it an acceleration of 1 m/s2 (N = kg·m/s2). The derived SI

unit for pressure or stress is the newton per square metre
(N/m2), which has been named the pascal (Pa) by the General
Conference on Weights and Measures. Since 1 ksi = 6 894 757
Pa, the metric equivalents are expressed as megapascal (MPa),
which is the same as Mn/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 302 – 00)
that may impact the use of this standard.

(1) Sections 16.2.3.3 and 19.2 were modified to replace
nonmandatory language with mandatory language.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 306 – 02

Standard Specification for
Copper Drainage Tube (DWV) 1

This standard is issued under the fixed designation B 306; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for seam-
less copper tube (DWV) produced from Copper UNS No.
C12200 and intended for sanitary drainage, waste, and vent
piping.

NOTE 1—Fittings used for soldered or brazed connections in drainage,
waste, or vent systems are described in ASME Standards B16.23 and
B16.29 and CSA Standard B158.1.

NOTE 2—The assembly of copper drainage, waste, and vent systems by
soldering is described in Practice B 828.

NOTE 3—Solders for joining copper drainage, waste, or vent systems
are described in Specification B 32. The requirement for acceptable fluxes
for these systems are described in Specification B 813.

1.2 Values stated in inch-pound units are the standard. SI
values given in parentheses are for information only.

1.3 The following hazard statement pertains only to the test
method described in Section 16.2.3 of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 32 Specification for Solder Metal2

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast3

B 813 Specification for Liquid and Paste Fluxes for Solder-
ing Applications of Copper and Copper Alloy Tube3

B 828 Practice for Making Capillary Joints by Soldering of
Copper and Copper Alloy Tube and Fittings3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry6

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)6

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Seamless Copper and Copper-Alloy Tubes7

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition8

E 527 Practice for Numbering Metals and Alloys (UNS)9

2.2 ASME Standards:10

B16.23 Cast Copper Alloy Solder Joint Drainage Fittings—
DWV

B16.29 Wrought Copper and Copper Alloy Solder Joint
Drainage Fittings—DWV

2.3 CSA Standards:11

B158.1 Cast Brass Solder Joints Drainage, Waste, and Vent
Fittings

3. Terminology

3.1 Definitions:
3.1.1 tube, DWV, n—seamless copper tube intended for

sanitary drainage, waste, and vent piping and other nonpressure
applications and conforming to the particular dimensions for
tube commonly known as copper drainage tube.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 capable of—the test need not be performed by the

producer of the material. However, if subsequent testing by the
purchaser establishes that the material does not meet these
requirements, the material shall be subject to rejection.

4. Ordering Information

4.1 Include this information for contracts or purchase orders
for products furnished to this specification.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 306 – 56 T. Last previous edition B 306 – 99.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 03.01.

5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.06.
7 Annual Book of ASTM Standards, Vol 03.03.
8 Annual Book of ASTM Standards, Vol 03.05.
9 Annual Book of ASTM Standards, Vol 01.01.
10 Available from American Society of Mechanical Engineers (ASME), ASME

International Headquarters, Three Park Ave., New York, NY 10016-5990.
11 Available from CSA, 178 Rexdale Rd., Rexdale, ON, Canada M9W IR3.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.1 ASTM designation and year of issue (for example,
B 306 – 99),

4.1.2 Dimensions (Section 11 and Table 1),
4.1.3 Total length, each size, and
4.1.4 When product is purchased for agencies of the U.S.

Government.
4.2 The following options are available and shall be speci-

fied in the contract or purchase order when required:
4.2.1 Electromagnetic (eddy-current) test (Section 9.2),
4.2.2 Pneumatic test (Section 9.3),
4.2.3 Certification (Section 20),
4.2.4 Test report (Section 21).

5. Material and Manufacture

5.1 Materials:
5.1.1 The material of manufacture shall be billets, bars, or

tube of the Copper UNS12 No. C12200 and shall be of such
soundness as to be suitable for processing into the tubular
products described.

5.2 Manufacture:
5.2.1 The tube shall be manufactured by such hot- or

cold-working processes as to produce a homogeneous uniform
wrought structure in the finished product. The tube shall be
cold drawn to the finished size and wall thickness.

NOTE 4—Tubes are normally joined with soldered fittings.

6. Chemical Composition

6.1 The material shall conform to the following require-
ments for UNS No. C12200:

Copper; incl silver, % 99.9
Phosphorous, % 0.015–0.040

6.1.1 These limits do not preclude the presence of other
elements. When included in the contract or purchase order, and
agreed upon by the manufacturer or supplier and the purchaser,
limits shall be established and analysis required for unnamed
elements.

7. Temper

7.1 Tube shall be furnished in the H58 temper as defined in
Classification B 601.

8. Mechanical Property Requirements

8.1 Tensile Strength:
8.1.1 The tubes shall have a minimum tensile strength of 40

ksi (275 MPa) when tested in accordance with Test Methods
E 8.

8.2 Rockwell Hardness:
8.2.1 The Rockwell hardness test, Test Methods E 18, is a

quick and convenient method of checking for general confor-
mity to the tensile strength requirement. For general informa-
tion and assistance in testing, the approximate minimum
hardness value is 30 as measured on the 30-T scale.

9. Nondestructive Testing

9.1 The tubes furnished shall be capable of conforming with
the test requirements of any one of the following tests.

9.2 Electromagnetic (Eddy-Current) Test:
9.2.1 Each tube up to and including 31⁄8-in. (79.4-mm)

outside diameter shall be subjected to examination and the
testing shall follow the procedures of Practice E 243.

9.2.1.1 Tubes that do not actuate the signaling device, after
it has been adjusted to detect discontinuities that would be
unacceptable for this application, shall have met requirements
of this test.

9.2.2 This test is not required unless specified in the contract
or purchase order.

9.3 Pneumatic Test:
9.3.1 Each tube shall withstand a minimum internal air

pressure of 60 psi (400 kPa) for 5 s without leakage.
9.3.2 This test is not required unless specified in the contract

or purchase order.

10. Purchases for U.S. Government Agencies

10.1 When specified in the contract or purchase order,
product purchased for agencies of the U.S. Government shall
conform to the requirements stipulated in the Supplementary
Requirements.

11. Dimensions, Mass, and Permissible Variations

11.1 General—For the purpose of determining conformance
with the dimensional requirements given in this specification,
any measured value outside the specified limiting values for
any dimension is subject to rejection at the option of the
purchaser.12 Refer to Practice E 527 for explanation of Unified Numbering System (UNS).

TABLE 1 Standard Dimensions, Weights, and Tolerances for Diameter and Wall Thickness

NOTE 1—All tolerances in this table are plus and minus except where otherwise noted.

Nominal or Standard Drainage
Tube Size,

in.

Outside Diameter,
in. (mm)

Tolerance in Average
Outside Diameter,A

in. (mm)

Wall Thickness, in. (mm) Theoretical Weight,
lb/ft (kg/m)Actual Tolerance

11⁄4 1.375 (34.9) 0.0015 (0.038) 0.040 (1.02) 0.003 (0.076) 0.650 (0.967)
11⁄2 1.625 (41.3) 0.002 (0.051) 0.042 (1.07) 0.003 (0.076) 0.809 (1.20)
2 2.125 (54.0) 0.002 (0.051) 0.042 (1.07) 0.004 (0.10) 1.07 (1.59)
3 3.125 (79.4) 0.002 (0.051) 0.045 (1.14) 0.004 (0.10) 1.69 (2.51)
4 4.125 (105) 0.002 (0.051) 0.058 (1.47) 0.007 (0.18) 2.87 (4.27)
5 5.125 (130) 0.002 (0.051) 0.072 (1.83) 0.008 (0.20) 4.43 (6.59)
6 6.125 (156) 0.002 (0.051) 0.083 (2.11) 0.008 (0.20) 6.10 (9.08)
8 8.125 (206) +0.002 (0.051) 0.109 (2.77) 0.011 (0.28) 10.6 (15.8)

−0.004 (0.10)
A The average outside diameter is the average, at any one cross section, of the maximum and minimum measured diameters (usually at or very close to 90° to each

other).
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11.2 Weights—Theoretical weights for the nominal or stan-
dard dimensions given in Table 1 are for information only.
Actual weights will vary in accordance with the dimensional
tolerances given in the table.

11.3 Wall Thickness and Diameter Tolerances—Wall thick-
ness and diameter tolerances shall be in accordance with Table
1.

11.4 Roundness Tolerance—The difference between the
major and minor outside diameters as determined at any one
cross section of the tube shall not exceed 11⁄2 %, expressed to
the nearest 0.001 in. (0.025 mm), of the outside diameter of the
tube.

11.5 Lengths and Tolerances:
11.5.1 Standard Length and Tolerances—The standard

length of the material shall be 20 ft (6.10 m). The length
tolerance shall be plus 1 in. (25 mm), minus 0 in.

11.5.2 Tubes supplied in other than standard lengths and
tolerances shall be in accordance with requirements established
by agreement between the manufacturer or supplier and the
purchaser.

11.6 Squareness of Cut—The departure from squareness of
the end of any tube shall not exceed 0.016 in./in. (0.016
mm/mm) of diameter.

12. Workmanship, Finish, and Appearance

12.1 The product shall be free of defects, but blemishes of
a nature that do not interfere with the intended application are
acceptable.

13. Sampling

13.1 Lot size, portion size, and selection of sample pieces
shall be as follows:

13.1.1 Lot Size—An inspection lot shall be 10 000 lbs (5000
kg) or fraction thereof.

13.1.2 Portion Size—The number of pieces selected to be
representative of the lot shall be as indicated in the following
schedule:

Number of Pieces in Lot Number of Pieces to be Selected

1 to 50 1
51 to 200 2

201 to 400 3

13.2 Chemical Composition:
13.2.1 The sample shall be taken in approximately equal

weight from each portion piece selected in 13.1.2 and in
accordance with Practice E 255. The minimum weight of the
composite shall be 150 g.

13.2.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of sampling at
the time casting are poured or from the semifinished product.

13.2.3 The number of samples taken during the course of
manufacture shall be as follows:

13.2.3.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

13.2.3.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 lbs
(5000 kg) or fraction thereof, except that not more than one
sample per piece shall be required.

13.2.4 When the material composition has been determined
during the course of manufacture, sampling of the finished
product by the manufacturer is not required.

13.3 Other Tests:
13.3.1 Specimens for all other tests shall be taken from two

of the sample pieces taken in 13.1.2. In the event only one
sample piece is required, all specimens shall be taken from the
piece selected.

14. Number of Tests and Retests

14.1 Tests:
14.1.1 Chemical Analysis—Composition shall be deter-

mined as the average of results from at least two replicate
determinations for each specified element with a limiting
value.

14.1.2 Tensile Strength—The test results shall be reported as
the average of results obtained from two test specimens taken
from each of the samples pieces selected in 13.1.2 and each test
specimen must conform to specification requirements.

14.1.2.1 In the event only one piece was selected for test,
both test specimens shall be taken from the piece selected.

14.2 Retests:
14.2.1 When requested by the manufacturer or supplier, he

shall have the option to perform a retest when the test results
obtained by the purchaser fail to conform with the product
specification requirement(s).

14.2.2 Retesting shall be as directed in this specification for
the initial test except for the number of test specimens which
shall be twice that normally required for the test. Test results
for all specimens shall conform to the specification require-
ment(s) in retest and failure to comply shall be cause for lot
rejection.

15. Specimen Preparation

15.1 Chemical Analysis:
15.1.1 Preparation of the analytical specimens shall be the

responsibility of the reporting laboratory.
15.2 Tensile Test:
15.2.1 The test specimen shall be of the full section of the

tube and shall conform to the requirements specified in the
section Specimens for Pipe and Tube in Test Methods E 8,
unless the limitations of the testing machine precludes the use
of such specimens.

15.2.2 Test specimens conforming to Specimen No. 1 in
Fig. 13, Tension Test Specimens for Large-Diameter Tubular
Products, of Test Methods E 8 shall be used when a full-section
specimen cannot be tested.

16. Test Methods

16.1 Chemical Composition:
16.1.1 In case of dispute, chemical composition shall be

determined as follows:
Element Test Method

Copper E 53
Phosphorus E 62

16.1.2 Test method(s) used for the determination of ele-
ment(s) required by contractual or purchase order agreements
shall be as agreed upon between the manufacturer or supplier
and the purchaser.
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16.2 The finished product shall conform with the mechani-
cal properties and other requirements of this specification when
tested or examined in accordance with the following appropri-
ate test method or practice:

Test Test Method

Tensile E 8
Pneumatic Section: 16.2.3
Electromagnetic examination

(eddy current)
Practice E 243

16.2.1 Tensile strength shall be determined in accordance
with Test Methods E 8.

16.2.1.1 Whenever test results are obtained from both full-
size and machined specimens and they differ, the test results
from the full-size specimens shall be used.

16.2.1.2 Test results are not seriously affected by variations
in speed of testing. A considerable range of testing speed is
possible; however, the rate of stressing to the yield strength
shall not exceed 100 ksi (690 MPa)/min. Above the yield
strength, the movement per minute of the testing machine head
under load shall not exceed 0.5 in./in. (12.7 mm/mm) of gage
length (or distance between grips for full-section specimens).

16.2.2 Electromagnetic (Eddy-Current) Test—Each tube up
to and including 31⁄8-in. (79.4-mm) outside diameter, shall be
subjected to an eddy-current test. Testing shall follow the
procedures in Practice E 243. Tubes shall be passed through an
eddy-current test unit adjusted to provide information on the
suitability of the tube for the intended application.

16.2.2.1 Either notch depth or drilled hole standards shall be
used.

(a) Notch depth standards, rounded to the nearest 0.001 in.,
shall be 22 % of the wall thickness. The notch depth tolerance
shall be60.0005 in.

(b) Drilled holes shall be drilled radially through the wall
using a suitable drill jig that has a bushing to guide the drill,
care being taken to avoid distortion of the tube while drilling.
The diameter of the drilled hole shall be in accordance with the
following and shall not vary by more than +0.001, −0.000 in.
of the hole diameter specified.

Tube Outside Diameter, in.
Diameter of

Drilled Holes, in.
Drill

Number

1⁄4 to 3⁄4, incl 0.025 72
Over 3⁄4 to 1, incl 0.031 68
Over 1 to 11⁄4, incl 0.036 64
Over 11⁄4 to 11⁄2, incl 0.042 58
Over 11⁄2 to 13⁄4, incl 0.046 56
Over 13⁄4 to 2, incl 0.052 55

Tube Outside Diameter, mm
Diameter of

Drilled Holes,
mm

Drill
Number

6.0 to 19.0, incl 0.635 72
Over 19.0 to 25, incl 0.785 68
Over 25 to 32, incl 0.915 64
Over 32 to 38, incl 1.07 58
Over 38 to 45, incl 1.17 56
Over 45 to 50, incl 1.322 55

16.2.2.2 Alternatively, at the option of the manufacturer,
using speed insensitive eddy-current units that are equipped to
select a fraction of the maximum imbalance signal, the
following percent maximum imbalance signals shall be used:

Standard Tube Size, in.
Maximum Percent Imbalance

Signal Magnitude

Up to 3⁄8, incl 0.2
1⁄2 to 2, incl 0.3
Over 2 to 3, incl 0.4

Standard Tube Size, mm
Maximum Percent Imbalance

Signal Magnitude

Up to 9, incl 0.2
13 to 50, incl 0.3
Over 50 to 76, incl 0.4

16.2.2.3 Tubes that do not activate the signalling device of
the eddy-current tester shall be considered as conforming to the
requirements of this test. At the option of the manufacturer,
tubes with discontinuities indicated by the testing unit are not
prohibited from being reexamined or retested to determine
whether the discontinuities are cause for rejection. Signals that
are found to have been caused by minor mechanical damage,
soil, or moisture shall not be cause for rejection of the tubes
provided the tube dimensions are still within prescribed limits
and the tube is suitable for its intended application.

16.2.3 Pneumatic Test:
16.2.3.1 The test method shall permit easy visual detection

of leakage, such as having the tube under water or by the
pressure differential method.

17. Significance of Numerical Limits

17.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29:

Property
Rounded Unit for Observed or

Calculated Value

Chemical composition nearest unit in the last right-hand place of
Hardness figures of the specified limit

Tensile strength nearest ksi (5 MPa)

18. Inspection

18.1 The manufacturer, or supplier, shall inspect and make
test necessary to verify the product furnished conforms to
specification requirements.

18.2 Source inspection of the product by the purchaser shall
be agreed upon between the manufacturer, or supplier, and the
purchaser as part of the purchase order. In such case, the nature
of the facilities needed to satisfy the inspector representing the
purchaser that the product is being furnished in accordance
with the specification shall be included in the agreement. All
tests and the inspection shall be conducted so as not to interfere
unnecessarily with the operations of the works.

18.3 By mutual agreement, the manufacturer, or supplier,
has the option of conducting the final inspection simulta-
neously.

19. Rejection and Rehearing

19.1 Rejection:
19.1.1 Product that fails to conform to the requirements of

the product specification when inspected or tested by the
purchaser, or purchaser’s agent, is subject to rejection at the
option of the purchaser.
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19.1.2 Rejection shall be reported to the manufacturer or
supplier promptly and in writing.

19.1.3 When requested by the manufacturer or supplier, a
rehearing shall be granted.

19.2 Rehearing:
19.2.1 As a result of product rejection, the manufacturer or

supplier has the option to make claim for retest to be conducted
by the manufacturer or supplier and the purchaser. Samples of
the rejected product shall be taken in accordance with the
product specification and tested by both parties as directed in
the product specification, or, alternatively, upon agreement by
both parties, an independent laboratory shall be selected for the
tests using the test methods prescribed in the product specifi-
cation.

20. Certification

20.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met.

21. Test Report (Mill)

21.1 When specified in the contract or purchase order, a
report of the test results shall be furnished.

22. Product Marking

22.1 The name or trademark of the manufacturer and
“DWV” shall be permanently incised on each length at
intervals not greater than 11⁄2 ft (0.457 m). DWV tube is further
identified throughout its length by a continuous yellow colored
marking not less than3⁄16 in. (4.76 mm) in height, including a
legend repeated at intervals not greater than 3 ft (0.914 m). The
legend includes “DWV,” the name or trademark or both, of the
manufacturer, and the country of origin. The manufacturer has
the option to include other information.

23. Packaging and Package Marking

23.1 Packaging—The material shall be separated by size,
composition, and temper, and prepared for shipment in such a
manner as to ensure acceptance by common carrier for
transportation and to afford protection from the normal hazards
of transportation.

23.2 Package Marking—Each shipping unit shall be legibly
marked with the purchase order number, metal or alloy
designation, temper, size, total length or piece count or both,
and name of supplier. The specification number shall be shown,
when specified.

24. Keywords

24.1 drainage tube; sanitary tube; seamless copper tube;
vent tube; waste tube

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:13

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standard:13

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:13

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the

manufacturer has the option to use his own or any other
suitable facilities for the performance of the inspection and test
requirements unless disapproved by the purchaser at the time
the order is placed. The purchaser shall have the right to
perform any of the inspections or tests set forth when such
inspections and tests are deemed necessary to assure that the
material conforms to prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, packed, Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
13 Available from Standardization Documents Order Desk, Bldg. 4 Section D,

700 Robbins Ave., Philadelphia, PA 19111-5098, ATTN: NPODS.
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shipment shall be in accordance with MIL-STD-129.
S4.2.2 Civil Agencies—In addition to any special marking

required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
Mn/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 306 – 99)
that may impact the use of this standard.

(1) Sections 3.2.1, 15.2.2, 16.2.1.2, and 22.1 have been
modified to replace nonmandatory language with mandatory
language.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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Designation: B 315 – 99

Standard Specification for
Seamless Copper Alloy Pipe and Tube 1

This standard is issued under the fixed designation B 315; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification2 establishes the requirements for
seamless, copper alloy pipe and tube in nominal pipe sizes,
both regular and extra strong, and seamless tube in straight
lengths for general engineering purposes. Pipe and tube are
produced in the copper alloy UNS Numbers: C61300, C61400,
C63020, C65100, and C65500.

NOTE 1—Inquiry should be made of the manufacturer or supplier
concerning the availability of product in a specific alloy.

1.2 The values stated in inch-pound units are the standard.
The SI values given in parentheses are for information only.

1.3 The following pertains only to the test method described
in 9.1.2 of this specification.This standard does not purport to
address all of the safety concerns, if any, associated with its
use. It is the responsibility of the user of this standard to
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 846 Terminology for Copper and Copper Alloys3

E 8 Test Methods of Tension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes6

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)6

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes7

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition6

E 478 Test Methods for Chemical Analysis of Copper
Alloys8

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys refer to Terminology B 846.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 specially cleaned—sufficiently free of oxides as to

exhibit the golden color associated with the alloy.

4. Ordering Information

4.1 Orders for product under this specification shall include
the following information:

4.1.1 ASTM Designation and year of issue (for example
B 315 – XX),

4.1.2 Alloy (Section 6, Table 1),
4.1.3 Temper (Section 7),
4.1.4 Pipe size regular (Table 3),
4.1.5 Pipe size, extra-strong (Table 3),
4.1.6 Tube diameter (Table 9),
4.1.7 Tube wall thickness (Table 6, Table 7, or Table 8),
4.1.8 Length (Table 10 or Table 11),
4.1.9 Total length of each size,
4.1.10 Whether the product is to be subsequently welded

(see Table 1 and Footnote B),
4.1.11 Finish (11.2 and 11.3), and
4.1.12 When copper alloy UNS No. C63020 is ordered

under this specification, tube diameter, wall thickness, length,
sizes, and tolerances shall be a part of the purchase order as
agreed upon between the supplier and the purchaser.

4.2 When product is to be subjected to welding or brazing,
the purchase order or contract shall specify product to be
“specially cleaned.”

4.3 The following options are available under this specifi-
cation and must be specified in the contract or purchase order
when required:

4.3.1 Heat identification or traceability (12.1.3.4),
4.3.2 Certification (Section 19), and
4.3.3 Test Report (Section 20).

1 This specification is under the jurisdiction of ASTM Committee B-5 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Sept. 10, 1999. Published November 1999. Originally
published as B 315 – 57T. Last previous edition B 315 – 93.

2 For ASME Boiler and Pressure Vessel Codeapplications see related Specifi-
cation SB315 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.03. 8 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.



5. Materials and Manufacture

5.1 Material:
5.1.1 The material of manufacture shall be a cast billet, bar,

tube, or so forth of copper alloy UNS No. C61300, C61400,
C63020, C65100, or C65500 and of such purity and soundness
as to be suitable for processing in to the products prescribed
herein.

5.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 2—Because of the discontinuous nature of the processing of
castings into wrought products, it is not always practical to identify a
specific casting analysis with a specific quantity of finished material.

5.2 Manufacture:
5.2.1 The product shall be produced by hot-working or

cold-working operations, or both. Unless otherwise specified,
the product shall be finished by such cold working and
annealing or heat treatment as necessary to meet the properties
specified.

5.2.2 Copper alloy UNS No. C63020 tube shall be quench
hardened and tempered (TQ30) as follows:

5.2.2.1 Heat to 1550 to 1650°F (843 to 899°C) for 2-h
minimum and quench in water. Then, temper at 900 to 1000°F
(482 to 538°C) for 2-h minimum and air cool to room
temperature.

6. Chemical Composition

6.1 The material shall conform to the compositional require-
ments as listed in Table 1 for the alloy specified in the contract
or purchase order

6.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

6.2.1 When the copper concentration is specified as the
remainder, the percentage of copper may be calculated as the
difference between the sum of all the elements determined and
100 %.

6.2.1.1 When all the elements listed for an alloy in Table 1
are determined, the sum of the determined elements for the
alloy shall be as shown in the following table:

Copper Alloy UNS No. Copper Plus Named Elements, %
min

C61300 99.8
C61400 99.5
C63020 99.5
C65100 99.5
C65500 99.5

7. Temper

7.1 The standard tempers for products described in this
specification are listed as follows and in Table 2:

7.1.1 Alloys C61300 and C61400 are supplied in tempers
M30 (hot-extruded), O30 (hot-extruded and annealed), and
O61 (annealed).

7.1.2 Alloy C63020 is supplied in temper TQ30 (quench
hardened and tempered).

7.1.3 Alloy C65100 is supplied in tempers O30 (extruded
and annealed), O61 (annealed), and H50 (extruded and cold
worked).

TABLE 1 Chemical Requirements

Copper Alloy
UNS No.

C61300A C61400 C63020B C65100 C65500

Composition, % Max
(Unless Shown as a Range or Minimum)

CopperC remainder remainder 74.5 min remainder remainder
Lead 0.01 0.01 0.03 0.05 0.05
Iron 2.0–3.0 1.5–3.5 4.0–5.5 0.8 0.8
Zinc 0.10 0.20 0.30 1.5 1.5
Aluminum 6.0–7.5 6.0–8.0 10.1–16.0 . . . . . .
Manganese 0.20 1.0 1.5 0.7 0.50–1.3
Silicon 0.10 . . . . . . 0.8–2.0 2.8–3.8
Tin 0.20–0.50 . . . 0.25 . . . . . .
Nickel (including cobalt) 0.15 . . . 4.2–6.0 . . . 0.6
Phosphorus 0.015 0.015 . . . . . . . . .

AWhen the product is for subsequent welding applications and is so specified by the purchaser, chromium shall be 0.05 % max, cadmium 0.05 % max, zinc 0.05 % max,
and zirconium 0.05 % max.

BChromium shall be 0.05 max and cobalt 0.20 max.
CIncluding silver.

TABLE 2 Tensile Requirements

Copper Alloy UNS No. C61300 and C61400 C63020 C65100 C65500

Temper Designation M30 (Extruded) or O61
(Annealed

TQ30 (Quench-Hardened
and Tempered)

O30 (Extruded and
Annealed) or O61

(Annealed)

H50 (Extruded and Cold-
Worked)

O30 (Extruded and
Annealed) and O61

(Annealed)

Tensile Strength, min, ksiA

(Mpa)B
65 (447) 130 (896) 40 (275) 50 (345) 50 (345)

Yield Strength at 0.5 %
extension under load,
ksiA (MPa)B

28 (193) min 89 (621)C 10 (69) min 40 (275) min 15 to 29
(103 to 200)

Elongation in 2 in. or 50
mm, min %

30 6 35 7 35

Aksi = 1000 psi.
BSee Appendix.
CYield strength at 0.2 % offset, min, ksiA (Mpa)B.
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7.1.4 Alloy C65500 is supplied in tempers O30 (extruded
and annealed) and O61 (annealed).

8. Mechanical Property Requirements

8.1 Tensile, Yield, and Elongation:
8.1.1 Product furnished under this specification shall con-

form to the tensile, yield, and elongation requirements pre-
scribed in Table 2, for the alloy specified in the ordering
information, when tested in accordance with Test Methods E 8.

8.1.1.1 Only tensile, yield, or elongation test results shall be
a basis for rejection based upon mechanical properties.

8.2 Rockwell Hardness:
8.2.1 Product furnished from Alloy C63020 in TQ30 temper

shall have a minimum hardness of 26 on the Rockwell C scale
when tested in accordance with Test Methods E 18.

8.2.1.1 Rockwell hardness test results shall not be a basis
for product rejection.

9. Other Requirements

9.1 Nondestructive Testing:
9.1.1 Unless otherwise agreed upon between the supplier

and the purchaser, the pipe or tube shall be tested for defects
either in the final drawn, annealed, or specified temper or in the
drawn temper before the final anneal. Unless otherwise speci-
fied, the manufacturer shall have the option of testing the pipe
or tube by one of the following tests:

9.1.2 Electromagnetic Examination (Eddy Current)—Each
tube or pipe in nominal sizes from1⁄8 in. (3.2 mm) up to and
including 21⁄2 in. (63.5 mm), regular and extra-strong, shall be
subjected to an eddy-current test. Tests shall follow the
procedures of Practice E 243 except for the determination of“
end effect.” The pipe or tube shall be passed through an
eddy-current testing unit adjusted to detect an artificial defect
of a size and shape defined as follows:

NOTE 3—End effect is that length of the pipe or tube that travels
through the coil until the testing unit has stabilized and is able to detect
flaws. The magnitude of the spike generated when an end passes through
the test coils is such that it disrupts testing momentarily.

9.1.2.1 Artificial Defects—Round bottom-notch standards
with a profile as defined in Practice E 243, rounded to the
nearest 0.001 in. (0.025 mm) shall be 10 % of the specified
wall thickness. Notch-depth tolerances shall be60.0005 in.
(0.013 mm). Alternatively, when a manufacturer uses speed-
insensitive equipment that can select a maximum unbalance
signal, a maximum unbalance signal of 0.3 % shall be used.

9.1.2.2 Retesting—Pipes or tubes that do not activate the
signaling device of the eddy-current tester shall be considered
as conforming to the requirements of this test. Lengths with
discontinuities, indicated by the testing unit, at the option of the
manufacturer, may be reexamined or retested to determine
whether the discontinuity is cause for rejection. Signals that are
found to have been caused by soil, moisture, or minor
mechanical damage shall not be cause for rejection, provided
the pipe or tube dimensions are still within the prescribed limits
and the pipe or tube is suitable for its intended application.

9.1.3 Pressure Tests—Each pipe or tube selected in accor-
dance with 13.3 shall withstand the pressure test of either
9.1.3.1 or 9.1.3.2.

9.1.3.1 Hydrostatic Test—Each pipe or tube shall withstand,

without showing evidence of leakage, an internal hydrostatic
pressure sufficient to subject the material to a fiber stress of
7000 psi (48 mPa). The pipe or tube need not be tested at a
hydrostatic pressure of over 1000 psi (6.9 MPa) unless so
specified. At the option of the manufacturer, annealed pipe with
wall thickness up to 0.083 in. (2.11 mm), inclusive, may be
tested in the drawn condition, before annealing. Fiber stress
shall be determined by the following equation for thin, hollow
cylinders under tension:

P 5 2St/~D 2 0.8t! (1)

where:
P = hydrostatic pressure, psi (MPa);
t = thickness of pipe or tube wall, in. (mm);
D = outside diameter of the pipe or tube, in. (mm); and
S = allowable fiber stress of the material, psi (MPa).

9.1.3.2 Pneumatic Test—Each pipe or tube shall be pressur-
ized to a minimum of 60 psi (415 kPa), air for 5 s, without
showing evidence of leakage. The test method used shall
permit easy visual detection of any leakage, such as by
submerging the tube under water or by pressure differential
method.

10. Dimensions, Mass, and Permissible Variations

10.1 General:
10.1.1 The standard method of specifying wall thickness

shall be in decimal fractions of an inch.
10.1.2 For the purpose of determining conformance with the

dimensional requirements prescribed in this specification, any
measured value outside the specified limiting values for any
dimension may be cause for rejection.

10.1.3 Tolerances on a given tube may be specified with
respect to any two, but not all three, of the following: outside
diameter, inside diameter, wall thickness.

NOTE 4—Blank spaces in the tolerance tables indicate either that the
product is not generally available or that no tolerances have been
established.

10.2 Dimensions—Dimensions and theoretical weights of
nominal pipe sizes shall be in accordance with Table 3.

10.3 Wall Thickness Tolerances—Wall thickness tolerances
for pipe shall be in accordance with Tables 4 and 5. Wall
thickness tolerances for tube shall be in accordance with Tables
6-8.

10.4 Diameter Tolerances—Diameter tolerances for pipe
and tube shall be as follows:

10.4.1 Diameter Tolerances for Pipe:—
Nominal Pipe Size, in. (mm) Diameter Tolerance, in.

(mm)

11⁄2 (38.1) and under +0.016 – 0.031 (+0.40 –
0.79)

Over 11⁄2 (38.1) 61 % of specified diameter

10.4.2 The dimensional limits of nominal pipe sizes are
shown in Tables 4 and 5.

10.4.3 Diameter tolerances for tube shall be in accordance
with Table 9.

10.5 Length Tolerances:
10.5.1 Length tolerances shall be in accordance with Table

10.
10.5.2 Schedule of Tube Lengths—Specific and stock
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lengths with ends shall be in accordance with Table 11.
10.6 Squareness of Cut—For pipe and tube in straight

lengths, the departure from squareness of the end of any pipe
or tube shall not exceed the following:

TABLE 3 Dimensions and Weights of Copper Alloy Pipe, Standard Pipe Sizes

Nominal or
Standard
Pipe Size,

in.

Dimension, in. (mm)

Cross-Sectional Area
of Bore, in.2 (cm2)

Theoretical Weight, lb/ft (kg/m)

Outside
Diameter

Inside
Diameter

Wall
Thickness

Copper Alloy UNS No.

C61300 and
C61400

C65500 C65100

Regular

1⁄8 0.405 (10.3) 0.269 (6.83) 0.068 (1.73) 0.057 (0.367) 0.246 (0.366) 0.266 (0.395) 0.273 (0.406)
1⁄4 0.540 (13.7) 0.364 (9.25) 0.088 (2.24) 0.104 (0.670) 0.427 (0.634) 0.462 (0.686 0.474 (0.704)
3⁄8 0.675 (17.1) 0.493 (12.5) 0.091 (2.31) 0.191 (1.23) 0.571 (0.849) 0.617 (0.917) 0.633 (0.941)
1⁄2 0.840 (21.3) 0.622 (15.8) 0.109 (2.77) 0.304 (1.96) 0.856 (1.27) 0.925 (1.37) 0.949 (1.41)
3⁄4 1.050 (26.7) 0.824 (20.9) 0.113 (2.87) 0.533 (3.44) 1.14 (1.69) 1.23 (1.83) 1.26 (1.88)
1 1.315 (33.4) 1.049 (26.6) 0.133 (3.38) 0.864 (3.57) 1.69 (2.51) 1.83 (2.72) 1.87 (2.79)
11⁄4 1.660 (42.2) 1.380 (35.1) 0.140 (3.56) 1.496 (9.66) 2.29 (3.40) 2.47 (3.68) 2.53 (3.77)
11⁄2 1.900 (48.3) 1.610 (40.9) 0.145 (3.68) 2.036 (13.1) 2.74 (4.07) 2.95 (4.40) 3.03 (4.51)
2 2.375 (60.3) 2.067 (52.5) 0.154 (3.91) 3.356 (21.7) 3.67 (5.45) 3.97 (5.91) 4.07 (6.06)
21⁄2 2.875 (73.0) 2.469 (62.7) 0.203 (5.16) 4.788 (30.9) 5.83 (8.66) 6.30 (9.37) 6.46 (9.61)
3 3.500 (88.9) 3.068 (77.9) 0.216 (5.49) 7.393 (47.7) 7.62 (11.3) 8.24 (12.3) 8.45 (12.6)
31⁄2 4.000 (102)† 3.548 (90.1) 0.226 (5.74) 9.887 (63.8) 9.16 (13.6) 9.90 (14.7) 10.2 (15.1)
4 4.500 (114) 4.026 (102) 0.237 (6.02) 12.730 (82.1) 10.9 (16.2) 11.7 (17.5) 12.0 (17.9)
5 5.562 (141) 5.046 (128) 0.258 (6.55) 19.998 (129) 14.7 (21.8) 15.9 (23.6) 16.3 (24.3)
6 6.625 (168) 6.065 (154) 0.280 (7.11) 28.890 (186) 19.1 (28.4) 20.6 (30.7) 21.2 (31.5)
8 8.625 (219) 7.981 (203) 0.322 (8.18) 50.030 (323) 28.7 (42.7) 31.0 (46.2) 31.9 (47.4)
10 10.750 (273) 10.020 (255) 0.365 (9.27) 78.8 (508) 40.8 (90.1) 44.1 (65.6) 45.2 (67.3)
12 12.750 (324) 12.000 (305) 0.375 (9.52) 113.0 (729) 49.9 (74.1) 53.9 (80.2) 55.3 (82.3)

Extra Strong

1⁄8 0.405 (10.3) 0.215 (5.46) 0.095 (2.41) 0.036 (0.232) 0.316 (0.470) 0.342 (0.508) 0.351 (0.522)
1⁄4 0.540 (13.7) 0.302 (7.67) 0.119 (3.02) 0.072 (0.464) 0.538 (0.799) 0.582 (0.865) 0.597 (0.887)
3⁄8 0.675 (17.1) 0.423 (10.7) 0.126 (3.20) 0.141 (0.909) 0.743 (1.10) 0.803 (1.19) 0.824 (1.22)
1⁄2 0.840 (21.3) 0.546 (13.9) 0.147 (3.73) 0.234 (1.51) 1.10 (1.63) 1.183 (1.76) 1.214 (1.80)
3⁄4 1.050 (26.7) 0.742 (18.8) 0.154 (3.91) 0.432 (2.79) 1.48 (2.20) 1.60 (2.39) 1.65 (2.45)
1 1.315 (33.4) 0.957 (24.3) 0.179 (4.55) 0.719 (4.64) 2.19 (3.25) 2.36 (3.52) 2.42 (3.61)
11⁄4 1.660 (42.2) 1.278 (32.5) 0.191 (4.85) 1.283 (8.28) 3.01 (4.47) 3.26 (4.85) 3.34 (4.97)
11⁄2 1.900 (48.3) 1.500 (38.1) 0.200 (5.08) 1.767 (11.4) 3.65 (5.42) 3.95 (5.88) 4.05 (6.03)
2 2.375 (60.3) 1.939 (49.3) 0.218 (5.54) 2.953 (19.1) 5.05 (7.50) 5.46 (8.12) 5.60 (8.34)
21⁄2 2.875 (73.0) 2.323 (59.0) 0.276 (7.01) 4.238 (27.3) 7.71 (11.4) 8.33 (12.4) 8.55 (12.7)
3 3.500 (88.9) 2.900 (73.7) 0.300 (7.62) 6.605 (42.6) 10.3 (15.3) 11.1 (16.6) 11.4 (17.0)
31⁄2 4.000 (102) 3.364 (85.5) 0.318 (8.08) 8.888 (57.3) 12.6 (18.7) 13.6 (20.2) 13.9 (20.8)
4 4.500 (114) 3.826 (97.2) 0.337 (8.56) 11.497 (74.) 15.1 (22.4) 16.3 (24.2) 16.7 (24.9)
5 5.562 (141) 4.812 (122) 0.375 (9.53) 18.186 (117) 20.9 (31.1) 22.6 (33.6) 23.2 (34.5)
6 6.625 (168) 5.761 (146) 0.432 (10.9) 26.067 (168) 28.7 (42.6) 31.1 (46.2) 31.9 (47.4)
8 8.625 (219) 7.625 (194) 0.500 (12.7) 45.664 (295) 43.6 (64.8) 47.2 (70.2) 48.4 (72.0)
10 10.750 (273) 9.750 (248) 0.500 (12.7) 74.7 (482) 55.1 (81.9) 59.5 (88.5) 61.1 (90.9)

TABLE 4 Dimensional Limits for Standard Pipe Sizes
Copper Alloy UNS No. C61300 and C61400

Nominal or
Standard Pipe

Size

Outside
Diameter,
in. (mm)

Min Max

Regular Extra Strong

Wall Thickness,
in. (mm)

Min Max
Wall Thickness,

in. (mm)
Min Max

1⁄8 0.405 (10.3) 0.374 (9.50) 0.421 (10.7) 0.068 (1.73) 0.061 (1.55) 0.075 (1.91) 0.095 (2.41) 0.086 (2.18) 0.105 (2.67)
1⁄4 0.540 (13.7) 0.509 (12.9) 0.556 (14.1) 0.088 (2.24) 0.079 (2.01) 0.097 (2.46) 0.119 (3.02) 0.107 (2.72) 0.131 (3.33)
3⁄8 0.675 (17.1) 0.644 (16.4) 0.691 (17.6) 0.091 (2.31) 0.082 (2.08) 0.100 (2.54) 0.126 (3.20) 0.113 (2.87) 0.139 (3.53)
1⁄2 0.840 (21.3) 0.809 (20.5) 0.856 (21.7) 0.109 (2.77) 0.098 (2.49) 0.120 (3.05) 0.147 (3.73) 0.132 (3.35) 0.162 (4.11)
3⁄4 1.050 (26.7) 1.019 (25.9) 1.066 (27.1) 0.113 (2.87) 0.102 (2.59) 0.124 (3.15) 0.154 (3.91) 0.139 (3.53) 0.169 (4.29)
1 1.315 (33.4) 1.284 (32.6) 1.331 (33.8) 0.133 (3.38) 0.120 (3.05) 0.146 (3.71) 0.179 (4.55) 0.161 (4.09) 0.197 (5.00)
11⁄4 1.660 (42.2) 1.629 (41.4) 1.676 (42.6) 0.140 (3.56) 0.126 (3.20) 0.154 (3.91) 0.191 (4.85) 0.172 (4.37) 0.210 (5.33)
11⁄2 1.900 (48.3) 1.869 (47.5) 1.916 (48.7) 0.145 (3.68) 0.131 (3.33) 0.160 (4.06) 0.200 (5.08) 0.180 (4.57) 0.220 (5.59)
2 2.375 (60.3) 2.351 (59.7) 2.399 (60.9) 0.154 (3.91) 0.139 (3.53) 0.169 (4.29) 0.218 (5.54) 0.196 (4.98) 0.240 (6.10)
21⁄2 2.875 (73.0) 2.846 (72.3) 2.904 (73.8) 0.203 (5.16) 0.183 (4.65) 0.223 (5.66) 0.276 (7.01) 0.248 (6.30) 0.304 (7.72)
3 3.500 (88.9) 3.465 (88.0) 3.535 (89.8) 0.216 (5.49) 0.194 (4.93) 0.238 (6.05) 0.300 (7.62) 0.270 (6.86) 0.330 (8.38)
31⁄2 4.000 (102) 3.960 (101) 4.040 (103) 0.226 (5.74) 0.203 (5.16) 0.249 (6.32) 0.318 (8.08) 0.286 (7.26) 0.350 (8.89)
4 4.500 (114) 4.455 (113) 4.545 (115) 0.237 (6.02) 0.213 (5.41) 0.261 (6.63) 0.337 (8.56) 0.303 (7.70) 0.371 (9.42)
5 5.562 (141) 5.506 (140) 5.618 (143) 0.258 (6.55) 0.232 (5.89) 0.284 (7.21) 0.375 (9.53) 0.338 (8.59) 0.413 (10.5)
6 6.625 (168) 6.559 (167) 6.691 (170) 0.280 (7.11) 0.252 (6.40) 0.308 (7.82) 0.432 (11.0) 0.389 (9.88) 0.475 (12.1)
8 8.625 (219) 8.539 (217) 8.711 (221) 0.322 (8.18) 0.290 (7.37) 0.354 (8.99) 0.500 (12.7) 0.450 (11.4) 0.550 (14.0)
10 10.750 (273) 10.643 (270) 10.858 (276) 0.365 (9.27) 0.329 (8.36) 0.402 (10.2) 0.500 (12.7) 0.450 (11.4) 0.550 (14.0)
12 12.750 (324) 12.623 (321) 12.878 (327) 0.375 (9.53) 0.338 (8.59) 0.413 (10.5) . . . . . . . . .
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10.6.1 Pipe:
Outside Diameter Tolerance

Up to 5⁄8 in. (15.9 mm), incl 0.010 in. (0.25 mm)
Over 5⁄8 in. (15.9 mm) 0.016 in./in. (0.016 mm/mm) of diameter

10.6.2 Tube:
Outside Diameter Tolerance

Up to 5⁄8 in. (15.9 mm), incl 0.010 in. (0.25 mm)
Over 5⁄8 in. (15.9 mm) 0.016 in./in. (0.016 mm/mm) of diameter

10.7 The nominal density of materials used in the manufac-
ture of products for this specification are shown in Table X2.1.

11. Workmanship, Finish and Appearance

11.1 The product shall be free from defects, but blemishes
of a nature that do not interfere with the intended application
are acceptable.

11.2 Copper alloy UNS Nos. 65100 and 65500 may be
supplied in the following finishes:

11.2.1 Specially Cleaned—Intended for brazing and welded
operations.

11.2.2 Plain-pickled, or with dull iridescent film, on both the
inside and outside surfaces

NOTE 5—Plain-pickled material normally has a brick red color with
cuprous and silicon oxides still adherent.

11.3 Copper alloy UNS Nos. C61300 and C61400 shall be
supplied with the normal as-extruded or annealed tarnish
unless otherwise specified on the purchase order.

12. Sampling

12.1 Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:

12.1.1 Lot Size—For tube, the lot size shall be 10 000 lb
(550 kg) or fraction thereof. For pipe, the lot size shall be as
follows:

Nominal Pipe Size, in
(mm)

Lot Weight, lb. (kg)

Up to 4 (101.6), incl 10 000 (4 550) or fraction thereof
Over 4 (101.6) 40 000 (18 100) or fraction thereof

12.1.2 Portion Size—Sample pieces shall be taken for test
purposes from each lot according to the following schedule.
(Each sample shall be from a separate tube or pipe.)

Number of Pieces in Lot Number of Sample Pieces to Be Taken

1 to 50 1
51 to 200 2

201 to 1500 3
Over 1500 0.2 % of total number of pieces in the lot

12.1.3 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,

TABLE 5 Dimensional Limits for Standard Pipe Sizes
Copper Alloy UNS No. C65100 and C65500

Nominal or
Standard Pipe

Size

Outside
Diameter,
in. (mm)

Min Max

Regular Extra Strong

Wall Thickness,
in. (mm)

Min Max
Wall Thickness,

in. (mm)
Min Max

1⁄8 0.405 (10.3) 0.374 (9.50) 0.421 (10.7) 0.068 (1.73) 0.065 (1.65) 0.083 (2.11) 0.095 (2.41) 0.090 (2.29) 0.123 (3.12)
1⁄4 0.540 (13.7) 0.509 (12.9) 0.556 (14.1) 0.088 (2.24) 0.084 (2.13) 0.102 (2.59) 0.119 (3.02) 0.107 (2.72) 0.144 (3.66)
3⁄8 0.675 (17.1) 0.644 (16.4) 0.691 (17.6) 0.091 (2.31) 0.086 (2.18) 0.103 (2.62) 0.126 (3.20) 0.120 (3.05) 0.146 (3.71)
1⁄2 0.840 (21.3) 0.809 (20.5) 0.856 (21.7) 0.109 (2.77) 0.104 (2.64) 0.122 (3.10) 0.147 (3.73) 0.140 (3.56) 0.166 (4.22)
3⁄4 1.050 (26.7) 1.019 (25.9) 1.066 (27.1) 0.113 (2.87) 0.107 (2.72) 0.124 (3.15) 0.154 (3.91) 0.146 (3.71) 0.171 (4.34)
1 1.315 (33.4) 1.284 (32.6) 1.331 (33.8) 0.133 (3.38) 0.126 (3.20) 0.145 (3.68) 0.179 (4.55) 0.170 (4.32) 0.196 (4.98)
11⁄4 1.660 (42.2) 1.629 (41.4) 1.676 (42.6) 0.140 (3.56) 0.133 (3.38) 0.151 (3.84) 0.191 (4.85) 0.181 (4.60) 0.207 (5.26)
11⁄2 1.900 (48.3) 1.869 (47.5) 1.916 (48.7) 0.145 (3.68) 0.138 (3.51) 0.156 (3.96) 0.200 (5.08) 0.190 (4.83) 0.216 (5.49)
2 2.375 (60.3) 2.351 (59.7) 2.399 (60.9) 0.154 (3.91) 0.146 (3.71) 0.164 (4.17) 0.218 (5.54) 0.207 (5.26) 0.233 (5.92)
21⁄2 2.875 (73.0) 2.846 (72.3) 2.904 (73.8) 0.203 (5.16) 0.193 (4.90) 0.217 (5.51) 0.276 (7.01) 0.262 (6.65) 0.295 (7.49)
3 3.500 (88.9) 3.465 (88.0) 3.535 (89.8) 0.216 (5.49) 0.205 (5.21) 0.230 (5.84) 0.300 (7.62) 0.285 (7.24) 0.321 (8.15)
31⁄2 4.000 (102) 3.960 (101) 4.040 (103) 0.226 (5.74) 0.215 (5.46) 0.240 (6.10) 0.318 (8.08) 0.302 (7.67) 0.340 (8.64)
4 4.500 (114) 4.455 (113) 4.545 (115) 0.237 (6.02) 0.225 (5.72) 0.252 (6.40) 0.337 (8.56) 0.320 (8.13) 0.360 (9.14)
5 5.562 (141) 5.506 (140) 5.618 (143) 0.258 (6.55) 0.245 (6.22) 0.275 (6.99) 0.375 (9.53) 0.356 (9.04) 0.400 (10.2)
6 6.625 (168) 6.559 (167) 6.691 (170) 0.280 (7.11) 0.266 (6.76) 0.298 (7.57) 0.432 (11.0) 0.410 (10.4) 0.461 (11.7)
8 8.625 (219) 8.539 (217) 8.711 (221) 0.322 (8.18) 0.299 (7.59) 0.349 (8.86) 0.500 (12.7) 0.465 (11.8) 0.554 (13.8)
10 10.750 (273) 10.643 (270) 10.858 (276) 0.365 (9.27) 0.336 (8.53) 0.400 (10.2) 0.500 (12.7) 0.460 (11.7) 0.548 (13.9)
12 12.750 (324) 12.623 (321) 12.878 (327) 0.375 (9.53) 0.345 (8.76) 0.410 (10.4) . . . . . . . . .

TABLE 6 Wall Thickness Tolerances for Copper Alloy UNS No. C61300 and C61400 Tube (Not Applicable to Pipe)

NOTE 1—Maximum deviation at any point—the following tolerances are plus and minus; if tolerances all plus or all minus are desired, double the
values given.

Wall Thickness, in. (mm)

Outside Diameter, in. (mm)

Over 5⁄8 to 1
(15.9 to 25.4)

incl

Over 1 to 2
(25.4 to 50.8)

incl

Over 2 to 4
(50.8 to 102)

incl

Over 0.024 (0.610) to 0.034 (0.864), incl 0.003 (0.076) 0.004 (0.10) 0.004 (0.10)
Over 0.034 (0.864) to 0.057 (1.45), incl 0.0045 (0.11) 0.005 (0.13) 0.006 (0.15)
Over 0.057 (1.45) to 0.082 (2.08), incl 0.005 (0.13) 0.006 (0.15) 0.008 (0.20)
Over 0.082 (2.08) to 0.119 (3.02), incl 0.007 (0.18) 0.008 (0.20) 0.009 (0.23)
Over 0.119 (3.02) to 0.164 (4.17), incl 0.009 (0.23) 0.010 (0.25) 0.012 (0.30)
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millings, and so forth shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 12.1.2 and combined into one composite sample. The
minimum weight of the composite sample shall be 150
minimum.

12.1.3.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: The manu-
facturer shall analyze samples taken at the time the castings are
poured or from the semifinished product. When the chemical
composition of the product is determined during the course of
manufacture, sampling and analysis of the finished product
shall not be required. The number of samples taken for
determination of chemical compositions shall be as follows:

12.1.3.2 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal. 12.1.3.3 When samples are taken from the semifinished

TABLE 7 Wall Thickness Tolerances for Copper Alloy UNS No. C65500 Tube (Not Applicable to Pipe)

NOTE 1—Maximum deviation at any point—the following tolerances are plus and minus: if tolerances all plus or all minus are desired, double the
values given.

Wall Thickness, in. (mm)

Outside Diameter,A in. (mm)

1⁄32 to 1⁄8
(0.792 to 3.18),

incl

Over 1⁄8 to 5⁄8
(3.18 to 15.9),

incl

Over 5⁄8 to 1
(15.9 to 25.4),

incl

Over 1 to 2
(25.4 to 50.8),

incl

Over 2 to 4
(50.8 to 102),

incl

Over 4 to 7
(102 to 173),

incl

Over 7 to 10
(173 to 251),

incl

Up to 0.017 (0.432), incl 0.0025 (0.064) 0.0015 (0.038) 0.002 (0.051) 0.0025 (0.064) . . . . . . . . .
Over 0.017 (0.432) to 0.024 (0.610), incl 0.004 (0.10) 0.0025 (0.064) 0.0025 (0.064) 0.003 (0.076) . . . . . . . . .
Over 0.024 (0.610) to 0.034 (0.864), incl 0.004 (0.10) 0.003 (0.076) 0.003 (0.076) 0.004 (0.10) 0.005 (0.13) . . . . . .

Over 0.034 (0.864) to 0.057 (1.45), incl 0.004 (0.10) 0.001 (0.10) 0.0045 (0.11) 0.0045 (0.11) 0.0065 (0.17) 0.009 (0.23) . . .
Over 0.057 (1.45) to 0.082 (2.08), incl . . . 0.0045 (0.11) 0.005 (0.13) 0.005 (0.13) 0.0075 (0.19) 0.010 (0.25) 0.013 (0.33)
Over 0.082 (2.08) to 0.119 (3.02), incl . . . 0.005 (0.13) 0.0065 (0.17) 0.0065 (0.17) 0.009 (0.23) 0.011 (0.28) 0.014 (0.36)

Over 0.119 (3.02) to 0.164 (4.17), incl . . . 0.007 (0.18) 0.007 (0.18) 0.0075 (0.19) 0.010 (0.25) 0.013 (0.33) 0.015 (0.38)
Over 0.164 (4.17) to 0.219 (5.56), incl . . . . . . 0.009 (0.23) 0.010 (0.25) 0.012 (0.30) 0.015 (0.38) 0.018 (0.46)
Over 0.219 (5.56) to 0.283 (7.19), incl . . . . . . 0.012 (0.30) 0.013 (0.33) 0.015 (0.38) 0.018 (0.46) 0.020 (0.51)

Over 0.283 (7.19) to 0.379 (9.62), incl . . . . . . 0.014 (0.36) 6B 6B 8B 8B

Over 0.379 (9.62) . . . . . . . . . 6B 6B 8B 8B

AWhen tube is ordered by outside and inside diameters, the maximum plus and minus deviation of the wall thickness from the nominal at any point shall not exceed
the values given in this table by more than 50 %.

BPercent of the specified wall thickness expressed to the nearest 0.001 in. (0.025 mm).

TABLE 8 Wall Thickness Tolerances for Copper Alloy UNS No. C65100 Tube (Not Applicable to Pipe)

NOTE 1—Maximum deviation at any point—the following tolerances are plus and minus: if tolerances all plus or all minus are desired, double the
values given.

Wall Thickness, in. (mm)

Outside Diameter,A in. (mm)

1⁄32 (0.792)
to 11⁄8 (3.18),

incl

Over 1⁄8 (3.18)
to 5⁄8 (15.9),

incl

Over 5⁄8 (15.9)
to 1 (25.4),

incl

Over 1 (25.4) to
2 (50.8),

incl

Over 2 (50.8) to
4 (102),

incl

Over 4 (102) to
7 (213),

incl

Over 7 (213) to
10 (254),

incl

Up to 0.017 (0.432), incl 0.002 (0.051) 0.001 (0.025) 0.0015 (0.038) 0.002 (0.051) . . . . . . . . .
Over 0.017 (0.432) to 0.024 (0.610), incl 0.003 (0.076) 0.002 (0.051) 0.002 (0.051) 0.0025 (0.064) . . . . . . . . .
Over 0.024 (0.610) to 0.034 (0.864), incl 0.003 (0.076) 0.0025 (0.064) 0.0025 (0.064) 0.003 (0.076) 0.004 (0.10) . . . . . .
Over 0.034 (0.864) to 0.057 (1.45), incl 0.003 (0.076) 0.003 (0.076) 0.0035 (0.089) 0.0035 (0.089) 0.005 (0.13) 0.007 (0.18) . . .
Over 0.057 (1.45) to 0.082 (2.08), incl . . . 0.0035 (0.089) 0.004 (0.10) 0.004 (0.10) 0.006 (0.15) 0.008 (0.20) 0.010 (0.26)
Over 0.082 (2.08) to 0.119 (3.02), incl . . . 0.004 (0.10) 0.005 (0.13) 0.005 (0.13) 0.007 (0.18) 0.009 (0.23) 0.011 (0.28)
Over 0.119 (3.02) to 0.164 (4.17), incl . . . 0.005 (0.13) 0.006 (0.15) 0.006 (0.15) 0.008 (0.20) 0.010 (0.25) 0.012 (0.30)
Over 0.164 (4.17) to 0.219 (5.56), incl . . . 0.007 (0.18) 0.0075 (0.19) 0.008 (0.20) 0.010 (0.25) 0.012 (0.30) 0.014 (0.36)
Over 0.219 (5.56) to 0.283 (7.19), incl . . . . . . 0.009 (0.23) 0.010 (0.25) 0.012 (0.30) 0.014 (0.36) 0.016 (0.44)
Over 0.283 (7.19) to 0.379 (9.62), incl . . . . . . 0.012 (0.30) 5B 5B 6B 6B

Over 0.379 (9.62), incl . . . . . . . . . 5B 5B 6B 6B

AWhen tube is ordered by outside and inside diameters, the maximum plus and minus deviation of the wall thickness from the nominal at any point shall not exceed
the values given in this table by more than 50 %.

BPercent of the specified wall thickness expressed to the nearest 0.001 in. (0.025 mm).

TABLE 9 Average Diameter Tolerances for Tube
(Not Applicable to Pipe)

Copper Alloy UNS No. Tolerance, 6in. (mm)A

Specified Diameter, in. (mm)
C61300 and

C61400
C65100 C65500

Up to 1⁄8 (3.18), incl . . . 0.002 (0.051)B 0.003 (0.076)B

Up to 1⁄8 (3.18), incl . . . 0.002 (0.051)C 0.025 (0.064)C

Over 1⁄8 (3.18) to 5⁄8 (15.9), incl 0.004 (0.10) 0.002 (0.051) 0.0025 (0.064)
Over 5⁄8 (15.9) to 1 (25.4), incl 0.005 (0.13) 0.0025 (0.064) 0.003 (0.076)
Over 1 (25.4) to 2 (50.8), incl 0.006 (0.15) 0.003 (0.076) 0.004 (0.10)
Over 2 (50.8) to 3 (76.2), incl 0.007 (0.18) 0.004 (0.10) 0.005 (0.13)
Over 3 (76.2) to 4 (102), incl . . . 0.005 (0.13) 0.006 (0.15)
Over 4 (102) to 5 (127), incl . . . 0.006 (0.15) 0.008 (0.20)
Over 5 (127) to 6 (152), incl . . . 0.007 (0.18) 0.009 (0.23)
Over 6 (152) to 8 (203), incl . . . 0.008 (0.20) 0.010 (0.25)
Over 8 (203) to 10 (254), incl . . . 0.010 (0.25) 0.013 (0.33)

ATolerance applies to inside or outside diameters, except as noted.
BOn inside diameter.
COn outside diameter.
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product, a sample shall be taken to represent each 10 000 lb
(4 550 kg), or fraction thereof for all tube and for pipe sizes up
to 4 in. For pipe sizes over 4 in., a sample shall be taken to
represent 40 000 lb (18 100 kg). In all instances, not more than
one sample shall be required per piece.

12.1.3.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 6—Because of the discontinuous nature of the processing of
castings into wrought products, it is not practical to identify specific
casting analysis with a specific quantity of finished material

12.1.4 Pressure Tests—See 13.1.3.

13. Number of Test and Retests

13.1 Tests:
13.1.1 Chemical Analysis—At least two replicate analyses

for each element with a limiting value shall be conducted.
13.1.2 Mechanical Tests—For the mechanical tests, a speci-

men shall be taken from each of the pieces selected in
accordance with 12.1. The required mechanical test shall be
made on each of the specimens so selected.

13.1.3 Pressure Tests—For the purpose of pressure testing
only, a number of lengths of pipe or tube to be tested as

described in 9.1.2 shall be randomly selected from the lot as
follows:

Number of Pipes or Tubes
Lot Size Sample Size

1–8 5
9–50 7

51–150 20
151–280 32
281–500 50
501–1200 80

1201–3200 125

13.2 Retests:
13.2.1 If the chemical analysis fails to conform to the

specified limits, analysis shall be made on a new composite
sample prepared from additional pieces selected in accordance
with 12.1. The results of this retest shall comply with the
specified requirements.

13.2.2 If the percentage elongation of any tension test
specimen is less than that specified and if any part of the
fracture is outside the middle two thirds of the gage length or
in a punched or scribed mark within the reduced section, a
retest shall be allowed.

13.2.3 If the results of testing to determine the mechanical
properties fail to meet the specified limits, testing shall be
repeated on each of two additional specimens taken from
different pieces of material from the same production lot. The
results of both retest shall comply with the specified require-
ments.

13.2.4 If any test specimen representing a lot fails to
conform to the requirements of 9.1.2, two additional specimens
may be submitted for check analysis, or subjected to any tests
in which the original specimen failed, but both of these
specimens shall conform to the requirements specified.

14. Specimen Preparation

14.1 Chemical Analysis—Preperation of the analytical test
specimen is the responsibility of the reporting laboratory.

14.2 Tensile Test:
14.2.1 The test specimen shall be of the full section of the

tube and shall conform to the requirements of the section titled
Specimens for Pipe and Tube in Test Methods E 8.

14.2.2 When the limitations of the testing equipment pre-
clude the use of a full-section specimen, a specimen conform-
ing to Type 1, Fig. 13, of Test Methods E 8, Tension Test
Specimens for Large Diameter Tubular Products, shall be used.

14.3 Rockwell Hardness:
14.3.1 The test specimen shall be of the size and shape to

permit testing with the available test equipment.
14.3.2 The surface of the specimen shall be sufficiently flat

and smooth to permit the accurate determination of hardness.
14.3.3 The test specimen shall be sufficiently free of scale

and foreign material to permit the accurate determination of
hardness.

14.3.4 Care shall be taken to avoid changing the material’s
condition through either cold working or heating, or both.

15. Test Methods

15.1 The properties enumerated in this specification shall, in
case of disagreement, be determined in accordance with the
following applicable methods of the American Society for

TABLE 10 Length Tolerances

NOTE 1—Tolerances are all plus—If all minus tolerances are desired,
use the same value. If tolerances plus and minus are desired, halve the
values given.

Length

Tolerances, in. (mm), Applicable Only to Full
Length Pieces

Outside Diam-
eters up to 1 in.
(25.4 mm), incl

Outside Diam-
eters over 1 in.
(25.4 mm) to 4
in. (102 mm),

incl

Outside Diam-
eters over 4 in.

(102 mm)

Specific lengths:
Up to 6 in. (152 mm), incl 1⁄32(0.79) 1⁄16 (1.6) . . .
Over 6 in. (152 mm) to 2 ft 1⁄16(1.6) 3⁄32 (2.4) 1⁄8 (3.2)

(610 mm), incl
Over 2 ft (610 mm) to 6 ft 3⁄32(2.4) 1⁄8 (3.2) 1⁄4 (6.4)

(1.83 m), incl
Over 6 ft (1.83 m) to 14 ft 1⁄4(6.4) 1⁄4 (6.4) 1⁄4 (6.4)

(4.27 m), incl
Over 14 ft (4.27 m) 1⁄2(13) 1⁄2 (13) 1⁄2 (13)

Specific lengths with ends 1 (25) 1 (25) 1 (25)
Stock lengths with or without

ends
1A (25) 1A (25) 1A (25)

AAs stock lengths are cut and placed in stock in advance of orders, departure
from this tolerance is not practicable.

TABLE 11 Schedule of Tube Lengths (Specific and Stock) with
Ends

Outside Dimensions,
in. (mm)

Specific Length, ft (m)

Shortest
Permissible

Length,A % of
Specific Length

Maximum
Permissible
Weight of

Ends, % of Lot
Weight

Up to 1 (25.4), incl 6 (1.83) to 20 (6.10), incl 70 20
Over 1 (25.4) to 2

(50.8), incl
6 (1.83) to 20 (6.10), incl 60 25

Over 2 (50.8) to 3
(76.2), incl

6 (1.83) to 20 (6.10), incl 55 30

Over 3 (76.2) to 4
(102), incl

6 (1.83) to 20 (6.10), incl 50 40

AExpressed to nearest 1⁄3 ft.
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Testing and Materials:
Test Test Method

Copper E 478
Lead E 478
Iron E 478
Zinc E 478
Aluminum E 54
Manganese E 62
Silicon E 62
Tin E 478
Nickel (including cobalt) E 478
Phosphorus E 62
Electromagnetic (eddy current) E 243
Rockwell hardness E 18
Yield test E 8
Tension test E 8
Elongation E 8

See also 14.2, 14.3, and 14.4.
15.2 Tension test specimens shall be taken from the full

section of the tube and shall conform to the requirements of
Specimens for Pipe and Tube of Test Methods E 8, unless the
limitations of the testing equipment preclude the use of such a
specimen. Test specimens conforming to Type 1, Figure 13,
Tension Test Specimens for Large-Diameter Tubular Products,
of Test Methods E 8 may be used when a full-section specimen
cannot be tested.

15.3 Whenever tension test results are obtained from both
full-size and from machined test specimens and they differ, the
results obtained from full-size test specimens shall be used to
determine conformance to the specification requirements.

15.4 Tension test results on material covered by this speci-
fication are not seriously affected by variations in the speed of
testing. A considerable range of testing speeds is permissible;
however, the rate of stressing to obtain the yield strength
should not exceed 100 ksi (690 mPa)/min. Above the yield
strength, the movement per minute of the testing machine head
under load should not exceed 0.5 in./in. (12 mm/mm) of gage
length (or distance between grips for full-section specimens).

16. Significance of Numerical Limits

16.1 For determining compliance with the specified limits
of the properties listed in the following table, an observed or a
calculated value shall be rounded as indicated in accordance
with the rounding method of Practice E 29.

Property Rounded Unit for Observed or
Calculated Value

Chemical composition nearest unit in the last right-hand
significant digit used in express-
ing the limiting value

Tensile strength/yield
strength

nearest ksi (nearest 5 Mpa)

Elongation nearest 1 %

17. Inspection

17.1 The manufacturer shall inspect and make tests neces-
sary to verify that the product furnished conforms to the
specification requirements.

17.2 The manufacturer shall afford the inspector represent-

ing the purchaser all reasonable facilities to satisfy that the
material is being furnished in accordance with the specified
requirements.

18. Rejection and Rehearing

18.1 Rejection:
18.1.1 Product that fails to conform to the specification

requirements, when tested by the purchaser or purchaser’s
agent, may be rejected.

18.1.2 Rejection shall be reported to the manufacturer or
supplier promptly. In addition, a written notification of rejec-
tion shall follow.

18.1.3 In case of dissatisfaction with the results of the test
upon which rejection is based, the manufacturer, or supplier,
may make claim for a rehearing.

18.2 Rehearing—As a result of product rejection, the manu-
facturer, or supplier, may make claim for a retest to be
conducted by the manufacturer, or supplier, and the purchaser.
Samples of the rejected product shall be taken in accordance
with the product specification and subjected to test by both
parties using the test method(s) specified in the product
specification, or, alternately, upon agreement of both parties, an
independent laboratory may be selected for the test(s) using the
test method(s) specified in the product specification.

19. Certification

19.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been tested or inspected, or both, as
directed in this specification and the requirements have been
met.

19.2 When identified in the ordering information that the
product is purchased for ASME Boiler and Pressure Vessel
Code applications, certification to this specification shall be
mandatory.

20. Report

20.1 When specified in the contract or purchase order, a
report of test results shall be furnished.

21. Packaging and Package Marking

21.1 The product shall be separated by size, composition,
and temper, and prepared in such a manner as to ensure
acceptance by common carrier for transportation and to afford
protection from the normal hazards of transportation.

21.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, gross and net weight, and name of supplier. The specifi-
cation number shall be shown, when specified.

22. Keywords

22.1 seamless copper alloy pipe; seamless copper alloy tube
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APPENDIXES

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties is shown in
accordance with the International System of Units (SI). The
derived SI unit for force is the Newton (N), which is defined as
the force that when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg · m/s2). The derived SI unit for pressure or

stress is the Newton per square metre (N/m2), which has been
named the Pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

X2. DENSITY OF COPPER ALLOYS

X2.1 The densities of the alloys covered by this specifica- tion are given in Table X2.1.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this specification since the last issue that may
impact the use of this standard.

(1) This specification has been changed editorially to match the
structure and selected wording of the Outline of Form. In-
cluded is the addition and use of referenced standards for
simplification purposes.
(2) Table 2 has been changed technically. Specifically, the H80
temper for Alloy C65100 has been changed to H50 to match

the description that was printed in Section 7. The O30 temper
listed in Section 7 of the previous edition for Alloy C65100 has
been added to Table 2. The hardness values for the TQ30
temper of Alloy C63020 has been added to Table 2.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).

TABLE X2.1 Densities

Copper Alloy UNS Number Density, lb/in.3 (g/cm3)

C61300 0.285 (7.89)
C61400 0.285 (7.89)
C63020 0.269 (7.45)
C65100 0.316 (8.78)
C65500 0.308 (8.53)
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Designation: B 359/B 359M – 02

Standard Specification for
Copper and Copper-Alloy Seamless Condenser and Heat
Exchanger Tubes With Integral Fins 1

This standard is issued under the fixed designation B 359/B 359M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification2 establishes the requirements for
seamless copper and copper alloy tubing on which the external
or internal surface, or both, has been modified by a cold-
forming process to produce an integral enhanced surface for
improved heat transfer.

1.2 Units—The values stated in either in-pound units or SI
units are to be regarded separately as the standard. Within the
text, the SI units are shown in brackets. The values stated in
each system are not exact equivalents; therefore, each system
shall be used independently of the other. Combining values
from the two systems could result in nonconformance with the
specification.

1.3 The tubes are typically used in surface condensers,
evaporators, and heat exchangers.

1.4 The product shall be produced of the following coppers
or copper alloys, as specified in the ordering information.

Copper or Copper Alloy
UNS No.

Type of Metal

C10100 Oxygen-free electronic
C10200 Oxygen-free without residual deoxidants
C10300 Oxygen-free, extra low phosphorus
C10800 Oxygen-free, low phosphorus
C12000 DLP Phosphorized, low residual phosphorus

(See Note 1)
C12200 DHP, Phosphorized, high residual phosphorus

(See Note 1)
C14200 DPA Phosphorized arsenical

(See Note 1)
C19200 Phosphorized, 1 % iron
C23000 Red Brass
C44300 Admiralty Metal Types B,
C44400 C, and
C44550 D
C60800 Aluminum Bronze
C68700 Aluminum Brass Type B
C70400 95-5 Copper-Nickel
C70600 90-10 Copper-Nickel

C70620 90-10 Copper-Nickel (Modified for Welding)
C71000 80-20 Copper-Nickel Type A
C71500 70-30 Copper-Nickel
C71520 70-30 Copper-Nickel (Modified for Welding)
C72200 Copper-Nickel

NOTE 1—Designations listed in Classification B 224.

1.5 The following safety hazard caveat pertains only to the
test methods described in this specification.This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

1.6 Product produced in accordance with the Supplementary
Requirements section for military applications shall be pro-
duced only to the inch-pound system of this specification.

2. Referenced Documents

2.1 ASTM Standards:
B 153 Test Method for Expansion (Pin Test) of Copper and

Copper-Alloy Pipe and Tubing3

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys3

B 170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes3

B 224 Classification of Coppers3

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

B 858 Test Method for Determination of Susceptibility to
Stress Corrosion Cracking in Copper Alloys Using the
Ammonia Vapor Test3

B 900 Practice for Packaging of Copper and Copper-Alloy
Mill-Products for U. S. Government Agencies3

E 3 Test Methods of Preparation of Metallographic Speci-
mens4

E 8 Test Methods for Tension Testing of Metallic Materials4

E 8M Test Methods for Tension Testing of Metallic Mate-
rials (Metric)4

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
approved in 1960. Last previous edition approved in 1998 as B 359 – 98.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-359 in Section II of that Code.

3 Annual Book of ASTM Standards,Vol 02.01.
4 Annual Book of ASTM Standards,Vol 03.01.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 53 Test Method for Determination of Copper in Unal-
loyed Copper by Gravimetry6

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)6

E 112 Test Methods for Determining Average Grain Size4

E 118 Test Methods for Chemical Analysis of Copper-
Chromium Alloys6

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes7

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition6

E 478 Test Methods for Chemical Analysis of Copper
Alloys6

3. General Requirements

3.1 Product described by this specification shall typically be
furnished with unenhanced ends, but may be furnished with
enhanced ends or stripped ends from which the O.D. enhance-
ment has been removed by machining.

3.1.1 The enhanced sections of the tube in the as-fabricated
temper are in the cold-worked condition produced by the
enhancing operation.

3.1.2 The unenhanced sections of the tube shall be in the
annealed or light drawn temper, and shall be suitable for
rolling-in operations.

4. Terminology

4.1 For the definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

4.2 Definitions:
4.2.1 flattening, v—this term shall be interpreted as that

condition which allows a micrometer caliper, set at three times
the wall thickness, to pass over the tube freely throughout the
flattened part, except at the points where the change in element
of flattening takes place.

4.3 Definitions of Terms Specific to This Standard:
4.3.1 tube condenser, n—seetube, heat exchangerin Ter-

minology B 846.

5. Ordering Information

5.1 Include the following information when placing orders
under this specification:

5.1.1 ASTM designation and year of issue,
5.1.2 Copper or Copper Alloy UNS No. designation (see 1.4

and Section 7),
5.1.3 Temper (see Section 8),
5.1.4 Dimensions: diameter, wall thickness, length and lo-

cation of unenhanced surfaces and total tube length. Configu-
ration of enhanced surfaces shall be as agreed upon between
the manufacturer and the purchaser. (See Figs. 1-3).

5.1.5 Whether the product is to be subsequently welded for
UNS Alloy C72200, UNS Alloys C 70620 and C71520 are
welding grades of C70600 and C71500,

5.1.6 Quantity, and
5.1.7 If product is for the U.S. government.
5.2 The following options are available and shall be speci-

fied at the time of placing the order, when required:
5.2.1 When heat identification or traceability is required,
5.2.2 When tubes are for Boiler and Pressure Vessel code

application, which should then be ordered according to ASME
SB 359,

5.2.3 Flattening test (see 11.2),
5.2.4 Certification (see Section 22), when required,
5.2.5 Mill test report (see Section 23), when required, and
5.2.6 Stress relief annealing (see 9.4), when required.
5.3 In addition, when material is purchased for agencies of

the U.S. government, it shall conform to the requirements
specified in the Supplementary Requirements section, when
specified in the contract or purchase order.

6. Materials and Manufacture

6.1 Materials:
6.1.1 The material of manufacture shall be of such quality

and purity that the finished product shall have the properties
and characteristics prescribed in this specification for the
applicable alloy and temper.

6.2 Manufacture:
6.2.1 The seamless copper and copper alloy tubing shall

have the internal or external surface, or both, modified by a
cold forming process to produce an integral enhanced surface
for improved heat transfer.

6.2.2 The cut ends of the tubes shall be deburred.
6.2.3 Due to the discontinuous nature of the processing of

castings into wrought products, it is not practical to identify
specific casting analysis with a specific quantity of finished
material.

6.2.4 When heat identification is required, the purchaser
shall specify the details desired in the purchase order or
contract.

5 Annual Book of ASTM Standards,Vol 14.02.
6 Annual Book of ASTM Standards,Vol 03.05.
7 Annual Book of ASTM Standards,Vol 03.03.

NOTE—The outside diameter over the enhanced section will not
normally exceed the outside diameter of the unenhanced section.

FIG. 1 Outside Diameter Enhanced Tube Nomenclature
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7. Chemical Composition

7.1 The tubes shall conform to the chemical requirements
specified in Table 1 for copper or copper alloy specified in the
ordering information.

7.2 These specification limits do not preclude the presence
of unnamed elements. By agreement between the manufac-
turer, or supplier and purchaser, analysis may be required and
limits established for elements not specified.

7.2.1 Copper Alloy C19200—Copper may be taken as the
difference between the sum of results for all specified elements
and 100 %. When all elements specified, including copper, are
determined, their sum shall be 99.8 % minimum.

7.2.2 For alloys in which copper is specified as the remain-
der, copper may be taken as the difference between the sum of
the results for all specified elements and 100 % for the
particular alloy.

7.2.2.1 When analyzed, copper plus the sum of results for
specified elements shall conform with the requirements shown
in the following table:

Copper Alloy UNS No. Copper Plus Named Elements, % min

C60800 99.5
C70400 99.5
C70600 99.5
C70620 99.5
C71000 99.5
C71500 99.5
C71520 99.5
C72200 99.8

7.2.3 For alloys in which zinc is specified as the remainder,
either copper or zinc may be taken as the difference between
the sum of the results of specified elements analyzed and
100 %.

7.2.3.1 When all specified elements are determined, the sum
of results plus copper shall be as follows:

Copper Alloy UNS No. Copper Plus Named Elements, % min

C23000 99.8
C44300, C44400, C44500 99.6

C68700 99.5

8. Temper

8.1 Tempers, as defined in Classification B 601 and this
document, are as follows:

8.1.1 The tube, after enhancing, shall be supplied, as speci-
fied, in the annealed (O61) or as-fabricated temper.

8.1.1.1 The enhanced sections of tubes in the as-fabricated
temper are in the cold-worked condition produced by the
fabricating operation.

8.1.1.2 The unenhanced sections of tubes in the as-
fabricated temper are in the temper of the tube prior to
enhancing, annealed (O61), or light drawn (H55), and suitable
for rolling-in operations.

8.1.1.3 Copper Alloy UNS Nos. C23000, C44300, C44400,
C44500, C60800, and C68700, furnished in the as-fabricated
temper, shall be stress relief annealed after enhancing and be
capable of meeting the requirements of the stress-corrosion
susceptibility requirement in Section 12. Stress-relief anneal-
ing of the copper and other copper alloys described by this
specification is not required.

9. Grain Size of Annealed Temper

9.1 Samples of annealed-temper (O61) tubes selected for
test shall be subjected to microscopical examination at a

FIG. 2 Outside Diameter and Inside Diameter Enhanced Tube Nomenclature

FIG. 3 Inside Diameter Enhanced Tube Nomenclature

B 359/B 359M – 02

3



magnification of 75 diameters and shall show uniform and
complete recrystallation.

9.2 Average grain size shall be within limits agreed upon
between the manufacturer and purchaser, when measured in the
wall of the tube outside of the enhanced area.

9.3 The requirements of this section do not apply to product
shipped in the as-fabricated temper.

9.4 Some annealed tubes, when subjected to aggressive
environments, may be subject to stress-corrosion cracking
failure because of the residual tensile stresses developed in
straightening. For such applications, it is recommended that
tubes of Copper Alloy UNS Nos. C23000, C44300, C44400,
C44500, C60800, and C68700 be subjected to a stress relieving
thermal treatment subsequent to straightening. When required,
this must be specified on the purchase order or contract.
Tolerance for roundness and length, and the condition for
straightness, for tube so ordered, shall be to the requirements
agreed upon between the manufacturer and purchaser.

10. Mechanical Property Requirements

10.1 Tensile Property Requirements:
10.1.1 Prior to the enhancing operation, the tube shall

conform to the requirements for tensile properties prescribed in
Table 2.

11. Performance Requirements

11.1 Expansion Test—The unenhanced sections of all tubes
selected for test shall conform to the requirements prescribed in
Table 3 when tested in accordance with Test Method B 153.
The expanded tube shall show no cracking or rupture visible to
the unaided eye.

11.2 Flattening Test:
11.2.1 When specified in the contract or purchase order, the

flattening test described in the test method section in 18.4 shall
be performed.

11.2.1.1 During inspection, the flattened areas of the test-
specimen shall be free of defects, but blemishes of a nature that
do not interfere with the intended application are acceptable.

12. Other Requirements

12.1 Mercurous Nitrate Test or Ammonia Vapor Test:
12.1.1 The mercurous nitrate or ammonia vapor test is

required only for Copper Alloys UNS Nos. C23000, C44300,
C44400, C44500, C60800, and C68700. (Warning—Mercury
is a definite health hazard and therefore equipment for the
detection and removal of mercury vapor produced in volitiza-
tion is recommended. The use of rubber gloves in testing is
adviseable.)

TABLE 1 Chemical Requirements

Copper
or

Copper
Alloy

UNS No.

Composition, %

Copper Tin
Alumi-
num

Nickel, incl
Cobalt

Lead,
max

Iron Zinc Manganese Arsenic Antimony Phosphorus Chromium

Other
Named

Ele-
ments

C10100 99.99 minA,B 0.0002 max . . . 0.0010 max 0.0005 0.0010 max 0.0001 max 0.00005 max 0.0005 max 0.0004 max 0.0003 max . . . Te 0.0002
C10200 99.95 minC,D,E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C10300 99.95 minC,F . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.001–0.005 . . . . . .
C10800 99.95 minC,F . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.005–0.012 . . . . . .
C12000 99.90 minC . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.004–0.012 . . . . . .
C12200 99.9 minC . . . . . . . . . . . . . . . . . . . . . . . . 0.015–0.040 . . .
C14200 99.4 minC . . . . . . . . . . . . . . . . . . . . . 0.15–0.50 . . . 0.015–0.040 . . . . . .
C19200 98.5 minG . . . . . . . . . . . . 0.8–1.2 0.20 max . . . . . . . . . 0.01–0.04 . . . . . .
C23000 84.0–86.0G . . . . . . . . . 0.05 0.05 max remainder . . . . . . . . . . . . . . . . . .
C44300 70.0–73.0H 0.9–1.2 . . . . . . 0.07 0.06 max remainder . . . 0.02–0.06 . . . . . . . . . . . .
C44400 70.0–73.0H 0.9–1.2 . . . . . . 0.07 0.06 max remainder . . . . . . 0.02–0.10 . . . . . . . . .
C44500 70.0–73.0H 0.9–1.2 . . . . . . 0.07 0.06 max remainder . . . . . . . . . 0.02–0.10 . . . . . .
C60800 remainderC,I . . . 5.0–6.5 . . . 0.10 0.10 max . . . . . . 0.02–0.35 . . . . . . . . . . . .
C68700 76.0–79.0C,I . . . 1.8–2.5 . . . 0.07 0.06 max remainder . . . 0.02–0.06 . . . . . . . . . . . .
C70400 remainderC,I . . . . . . 4.8–6.2 0.05 1.3–1.7 1.0 max 0.30–0.8 . . . . . . . . . . . . . . .
C70600 remainderC,I . . . . . . 9.0–11.0 0.05 1.0–1.8 1.0 max 1.0 max . . . . . . . . . . . . . . .
C70620 86.5 minC,I . . . . . . 9.0–11.0 0.02 1.0–1.8 0.5 max 1.0 max . . . . . . 0.02 max . . . 0.05 C max

0.02 S max
C71000 remainderC,I,J . . . . . . 19.0–23.0 0.05 1.0 max 1.0 max 1.0 max . . . . . . . . . . . .
C71500 remainderC,I . . . . . . 29.0–33.0 0.05 0.40–1.0 1.0 max 1.0 max . . . . . . . . . . . . . . .
C71520 65.0 min . . . . . . 29.0–33.0 0.02 0.40–1.0 0.50 max 1.0 max . . . . . . 0.02 max . . . 0.05 C max

0.02 S max
C72200 remainderC,G,J . . . . . . 15.0–18.0 0.05 0.50–1.0 1.0 max 1.0 max . . . . . . . . . 0.30–0.70 0.03 Si

0.03 Ti
A This value is exclusive of silver and shall be determined by difference of “impurity total” from 100 %. “Impurity total” is defined as the sum of sulfur, silver, lead, tin,

bismuth, arsenic, antimony, iron, nickel, zinc, phosphorus, selenium, tellurium, manganese, cadmium, and oxygen present in the sample.
B Other impurity maximums for C10100 shall be: bismuth and cadmium 0.0001 each, oxygen 0.0005, selenium 0.0003, silver 0.0025, and sulfur 0.0015.
C Copper (including silver).
D Oxygen in C10200 shall be 0.0010 max.
E Cu is determined by the difference in the impurity total and 100 %.
F Copper plus sum of named elements shall be 99.95 % min.
G Cu + Sum of Named Elements, 99.8 % min.
H Cu + Sum of Named Elements, 99.6 % min.
I Cu + Sum of Named Elements, 99.5 % min.
J When the product is for subsequent welding applications, and so specified in the contract or purchase order, zinc shall be 0.50 % max, lead 0.02 % max, phosphorus

0.02 % max, sulfur 0.02 % max, and carbon 0.05 % max.

B 359/B 359M – 02
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12.1.2 The test specimens, cut 6 in. [150 mm] in length from
the enhanced section shall withstand, without cracking, an
immersion in the standard mercurous nitrate solution in Test
Method B 154 or immersion in the ammonia vapor solution as
defined in Test Method B 858.

12.1.3 Unless otherwise agreed upon between the manufac-
turer, or supplier, and the purchaser, the manufacturer shall
have the option of using either the mercurous nitrate test or the
ammonia vapor test. If agreement cannot be reached, the
mercurous nitrate test standard shall be utilized.

12.1.4 If the ammonia vapor test is selected, the appropriate
risk level pH value for the test solution shall be agreed upon by
the manufacturer and purchaser, or alternately, if the purchaser
defers to the manufacturer’s expertise for the selection of the
test pH value, the minimum value selected shall be 9.8.

12.2 Non-Destructive Testing:
12.2.1 Each tube shall be subjected to a non-destructive test.

Tubes shall normally be tested in the as-fabricated temper but,
at the option of the manufacturer, may be tested in the annealed
temper. Unless otherwise specified, the manufacturer shall
have the option of testing the tubes by one of the following test
methods:

12.2.1.1Non-Destructive Examination for Defects:
(1) The tubes shall be passed through an eddy-current

testing unit adjusted per the requirements of 18.3.3 to provide
information on the suitability of the tube for the intended
application.

(2) Tubes causing irrelevant signals because of moisture,
soil, and like effects may be reconditioned and retested. Such
tubes shall be considered to conform, should they not cause
output signals beyond the acceptable limits.

(3) Tubes causing irrelevant signals because of visible and
identifiable handling marks may be retested by the hydrostatic
test prescribed in 12.2.1.2 or the pneumatic test prescribed in
12.2.1.3.

(4) Unless otherwise agreed, tubes meeting the require-
ments of either test shall be considered to conform if the tube
dimensions are within the prescribed limits.

12.2.1.2Hydrostatic Test—Each tube, without showing evi-
dence of leakage, shall withstand an internal hydrostatic
pressure sufficient to subject the material in the unenhanced
region of the tube to a fiber stress of 7000 psi [48 Mpa], as
determined by the following equation for thin hollow cylinders
under tension:

TABLE 2 Tensile Requirements

Copper or Copper Alloy UNS No.
Temper Designation

Tensile
Strength,

min

Yield
Strength,A

min

Standard Former ksiB [MPa] ksiB [MPa]

C10100, C10200, C10300, C10800, C12000, C12200, C14200 O61 annealed 30 [205] 9 [62]C

C10100, C10200, C10300, C10800, C12000, C12200, C14200 H55 light-drawn 36 [250] 30 [205]
C19200 O61 annealed 38 [260] 12 [85]
C23000 O61 annealed 40 [275] 12 [85]

C44300, C44400, C44500 O61 annealed 45 [310] 15 [105]
C60800 O61 annealed 50 [345] 19 [130]
C68700 O61 annealed 50 [345] 18 [125]
C70400 O61 annealed 38 [260] 12 [85]
C70600 O61 annealed 40 [275] 15 [105]
C70620 O61 annealed 40 [275] 15 [105]
C71000 O61 annealed 45 [310] 16 [110]
C71500 O61 annealed 52 [360] 18 [125]
C71520 O61 annealed 52 [360] 18 [125]
C72200 O61 annealed 45 [310] 16 [110]

A At 0.5 % extension under load.
B ksi = 1000 psi.
C Light straightening operation is permitted.

TABLE 3 Expansion Requirements

Temper Designation
Copper or Copper Alloy UNS No.

Expansion of Tube
Outside Diameter in
Percent of Original
Outside DiameterStandard Former

O61 annealed C10100, C10200, C10300, C10800, C12000, C12200, C14200 30
H55 light-drawn C10100, C10200, C10300, C10800, C12000, C12200, C14200 20
O61 annealed C19200 30
O61 annealed C23000 20
O61 annealed C44300, C44400, C44500 20
O61 annealed C60800 20
O61 annealed C68700 20
O61 annealed C70400 30
O61 annealed C70600, C70620 30
O61 annealed C71000 30
O61 annealed C71500, C71520 30
O61 annealed C72200 30

B 359/B 359M – 02
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where:
P = hydrostatic pressure, psig, [Mpa],
t = thickness of tube wall, in., [mm],
D = outside diameter of tube, in., [mm], and
S = allowable fiber stress of the material, psi [Mpa].

The tube need not be tested at a hydrostatic pressure over
1000 psi [6.9 MPa] unless so specified.

12.2.1.3Pneumatic Test—Each tube, after enhancing, shall
withstand a minimum internal air pressure of 250 psig [1.7
Mpa] for 5 s and any evidence of leakage shall be cause for
rejection. The test method used shall permit easy visual
detection of any leakage, such as having the tube under water,
or by the pressure differential method.

12.2.2 ASME Pressure Vessel Code:
12.2.2.1 When tubes are specified to meet the requirements

of the ASME Boiler and Pressure Vessel Code, a pressure test
as described in 12.2.1.2 or 12.2.1.3 is required.

13. Dimensions, Mass, and Permissible Variations

13.1 Tube Diameter:
13.1.1 The outside diameter of the unenhanced sections

shall not vary by more than the amount shown in Table 4 for
the appropriate dimensional system, as measured by “go” and
“no go” ring gages. The diameter over the enhanced sections
shall not exceed the diameter of the plain sections involved, as
determined by a “go” ring gage, unless otherwise specified.

13.2 Wall Thickness—No tube shall be less than the mini-
mum thickness specified in the plain sections or in the
enhanced sections.

13.3 Length:
13.3.1 The length of the tubes shall not be less than that

specified when measured at a temperature of 68°F [20°C], but
may exceed the specified value by the amounts shown in Table
5, for the appropriate dimensional system.

13.3.2 The length of the unenhanced end(s), as measured
from the tube end to the first fin disk impression, shall not be
less than that specified, but may exceed the specified value by
1⁄2 in. [13 mm].

13.4 Squareness of Cut—The departure from squareness of
the end of any tube shall not exceed the tolerance stated in
Table 6, for the appropriate dimensional system.

14. Workmanship, Finish and Appearance

14.1 Roundness, straightness, uniformity of wall thickness,
and condition of inner and outer surfaces of the tube shall be
such as to make it suitable for the intended application. Unless
otherwise specified on the purchase order, the cut ends of the
tubes shall be deburred by use of a rotating wire wheel or other
suitable tool.

14.2 Annealed-temper (O61) or stress-relieved tubes shall
be clean and smooth, but may have a superficial, dull iridescent
film on both the inside and outside surface. Tubes in the
as-fabricated temper may have a superficial film of finning
lubricant on the surfaces.

15. Sampling

15.1 The lot size, portion size, and selection of sample
pieces shall be as follows:

15.1.1 Lot Size—600 tubes or 10 000 lb [4550 kg] or
fraction of either, whichever constitutes the greater weight.

15.1.2 Portion Size—Sections from two individual lengths
of finished product.

15.1.2.1 Samples taken for purposes of test shall be selected
in a manner that will correctly represent the material furnished
and avoid needless destruction of finished material when
samples representative of the material are available from other
sources.

15.2 Chemical Composition:
15.2.1 Samples for determining composition shall be taken

in accordance with Practice E 255. The minimum weight of the
composite sample shall be 150 g.

15.2.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of sampling at
the time castings are poured or sampling the semi-finished
product. When samples are taken during the course of manu-
facture, sampling of the finished product is not required and the
minimum number of samples to be taken shall be as follows:

15.2.2.1 When samples are taken at the time castings are
poured, one sample shall be taken for each group of castings
poured simultaneously from the same source of molten metal.

15.2.2.2 When samples are taken from the semi-finished
product, one sample shall be taken to represent each 10 000 lb
[4550 kg] or fraction thereof, except that not more than one
sample shall be required per piece.

16. Number of Tests and Retest

16.1 Tests:
16.1.1 Chemical Analysis—Chemical composition shall be

determined as the arithmetic mean of at least two replicate
determinations of each specified element.

16.1.2 Grain Size—For annealed temper only, two tubes
shall be selected from each lot and each tube shall be tested to
verify the requirements of Section 9.

TABLE 4 Diameter Tolerances

Specified Diameter,
in. [mm]

Tolerance,
in. [mm]

0.500 [12.0] and under 60.002 [0.050]
Over 0.500–0.740 [12.0–18.0], incl 60.0025 [0.063]
Over 0.740–1.000 [18.0–25.0], incl 60.003 [0.076]

TABLE 5 Length Tolerances

Specified Length,
ft [mm]

Tolerance, all Plus,
in. [mm]

Up to 20 [6000], incl 1⁄8 [3.2]
Over 20–30 [6000-10 000], incl 5⁄32 [4.0]
Over 30–60 [10 000-18 000], incl 1⁄4 [6.4]

TABLE 6 Squareness of Cut

Specified Outside
Diameter,
in. [mm]

Tolerance,
in. [mm]

Up to 5⁄8 [16.0], incl 0.010 [0.25]
Over 5⁄8 [16.0] 0.016 in./in. [0.016 mm/mm] of diameter

B 359/B 359M – 02

6



16.1.3 Tensile Property Requirements—Two tubes shall be
selected from each lot prior to enhancement and each tube shall
be tested to verify the requirements of Section 10.

16.1.4 Expansion Test—Two tubes shall be selected from
each lot prior to enhancement and each tube shall be tested to
verify the requirements in 11.1.

16.1.5 Flattening Test—One tube shall be selected from
each lot prior to enhancement and each tube shall be tested to
verify the requirements of 11.2.

16.1.6 Mercurous Nitrate Test or Ammonia Vapor Test—
Two tubes shall be selected from each lot prior to enhancement
and each tube shall be tested to verify the requirements of
12.1.2.

16.2 Retest:
16.2.1 One retest shall be permitted for each requirement

under the same conditions stated for the original test.
16.2.2 Should the result of a retest fail to conform with the

requirements of the product specification, the material shall be
rejected.

17. Specimen Preparation

17.1 Chemical Analysis:
17.1.1 Sample preparation shall be in accordance with

Practice E 255.
17.1.2 Preparation of the analytical test specimen shall be

the responsibility of the reporting laboratory.
17.2 Grain Size:
17.2.1 Specimens for the microscopic examination shall be

prepared in accordance with Test Methods E 3.
17.2.2 The surface of the specimen shall approximate a

radial longitudinal section of the tube.
17.3 Expansion Test Specimen:
17.3.1 Test Specimens shall conform to the requirements of

the Specimen Preparation Section of Test Method B 153.
17.4 Flattening Test:
17.4.1 A test specimen shall be cut to a length that will

allow the tube to be flattened at three (3) places along the
length, with each flattened area to be at least 2 in. [50 mm] in
length. When the temper is other than annealed, the sample
may be annealed prior to testing.

17.5 Mercurous Nitrate or Ammonia Vapor Test:
17.5.1 Specimens for the mercurous nitrate test shall be 6 in.

[150 mm] in length and shall be taken from the enhanced and
unenhanced portion of each sample.

17.6 Tension Tests:
17.6.1 Tension test specimens shall be of the full section of

the tube and shall conform to the requirements of the Test
Specimen section of Test Methods E 8, or E 8M for the SI
System, unless the limitations of the testing machine precludes
the use of such specimen in which case test specimens
conforming to specimen No. 1 of Fig. 13 in Test Methods E 8
or E 8M shall be used.

17.6.2 Whenever test results are obtained from full-sized
and machined specimens and they differ, the results from the
full-sized specimen shall prevail for determining conformance
to the specification.

17.6.3 Although a considerable range of testing speed is
permissible, the range of stressing to the yield strength should
not exceed 100 ksi/min [690 Mpa/min]. Above the yield

strength the movement per minute of the testing machine head
under load shall not exceed 0.5 in./in. [0.5 mm/mm] of the gage
length, or distance between grips for a full section specimen.

18. Test Methods

18.1 Chemical Composition:
18.1.1 The methods used for routine determination of speci-

fication compliance shall be at the discretion of the reporting
laboratory.

18.1.2 In case of disagreement concerning chemical com-
position of Copper Alloy UNS No. C10100, refer to the Test
Method Section of Specification B 170.

18.2 Chemical composition for all other alloys, in case of
disagreement, shall be determined as follows:

18.2.1 Test methods for the determination of elements
resulting from contractual or purchase order agreements shall
be as agreed upon between the manufacturer or supplier and
purchaser. (Refer to Table 1, Footnote D).

Element Range Test Method
Copper 99.75 to 99.99 E 53, Electrolytic
Copper 70.0 to 99.75 E 478, Electrolytic
Tin 0.9 to 1.2 E 478, Photometric
Aluminum 1.8 to 6.5 E 478
Nickel, inc. Cobalt 4.8 to 33.0 E 478, Gravimetric
Lead 0.05 to 0.10 E 478, Atomic Absorption
Iron 0.04 to 1.8 E 478
Zinc 14.0 to 30.0 E 478, Titrimetric
Zinc to 1.0 E 478, Atomic Absorption
Manganese to 1.0 E 62
Arsenic 0.02 to 0.5 E 62
Antimony 0.02 to 0.1 E 62
Phosphorus 0.001 to 0.04 E 62
Chromium 0.30 to 0.70 E 118

18.3 The material shall conform to the physical require-
ments and mechanical properties enumerated in this specifica-
tion when tested in accordance with the following methods:

Test ASTM Designation
Grain Size E 112
Expansion (pin test) B 153
Mercurous Nitrate B 154
Tension E 8, E 8M as applicable
Eddy-Current Test E 243
Ammonia Vapor Test B 858

18.3.1 Grain Size—The intercept method shall be used to
determine grain size in case of dispute.

18.3.2 Test Method B 154—(Warning—This test method
involves the use of a mercury compound that is classified as a
health hazard in use and disposal.)

18.3.3 Eddy-Current—Testing shall follow the procedures
of Practice E 243, except that the sensitivity settings of the test
equipment shall be adjusted using the hole sizes specified in
Table 7 of this specification. The holes for sensitivity adjust-
ment shall be drilled radially through an unenhanced portion of
the standard tube or through a length of prime surface tube of
the same size, temper, and composition. By mutual agreement

TABLE 7 Diameter of Drilled Holes

Nominal Diameter Over Enhanced
or Unenhanced Section,

in. [mm]

Diameter of
Drilled Holes,

in. [mm]
1⁄4–5⁄8 [6.0–16.0], incl 0.042 [1.07]–No. 58 drill
Over 5⁄8–1 [16.0–25.0], incl 0.046 [1.17]–No. 56 drill
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between the manufacturer or supplier and purchaser, disconti-
nuities of other contours may be used on the calibration
standard.

18.3.3.1 Tubes that do not actuate the signaling device on
the eddy current tester shall be considered as conforming to the
requirements of this test.

18.4 Flattening Test—Each test specimen shall be flattended
in a press at three (3) places along the length, each new place
to be rotated on its axis approximately one third turn from the
last flattened area. Each flattened area shall be at least 2 in. [50
mm] in length. A flattened test-specimen shall allow a mi-
crometer caliper set at three times the wall thickness to pass
freely over the flattened area. The flattened areas of the test
specimen shall be inspected for surface defects.

19. Significance of Numerical Limits

19.1 For purposes of determining compliance with the
specified limits of the properties listed in the following table,
an observed or calculated value shall be rounded as indicated
in accordance with the rounding method of Practice E 29.

Property Rounded Unit for Observed
or Calculated Value

Chemical Composition Nearest unit in the last right hand place of figures
Tensile Strength,
Yield Strength

Nearest ksi [Nearest 5 MPa]

Grain Size:
Up to 0.055 mm, incl.,
Over 0.055 mm

Nearest multiple of 0.005 mm
to the nearest 0.010 mm

Expansion Nearest 1 %

20. Inspection

20.1 The manufacturer shall inspect and make the necessary
tests to verify that the tubes furnished conform to the require-
ments of this specification.

20.2 Should the purchaser additionally elect to perform his
own inspection, the manufacturer shall, without charge, afford
the inspector all reasonable facilities to determine that the tubes
being furnished conform to the requirements of this specifica-
tion.

20.2.1 Except for chemical analysis, all tests and inspec-
tions shall be made at the place of manufacture prior to
shipment, unless otherwise specified, and shall be so conducted
as not to interfere with the operation of the facility.

20.3 When automated finishing and inspection equipment is
available at a facility, purchaser and manufacturer may, by
mutual agreement, accomplish the final inspection simulta-
neously.

21. Rejection and Rehearing

21.1 Rejection:
21.1.1 Material that fails to conform to the requirements of

this specification when inspected or tested by the purchaser, or
purchasers agent, may be rejected.

21.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly and in writing.

21.1.3 In case of dissatisfaction with results of the test upon
which rejection is based, the manufacturer, or supplier, may
make claim for a rehearing.

21.2 Rehearing—As a result of product rejection, the manu-
facturer, or supplier, may make claim for a retest to be
conducted by the manufacturer, or supplier, and the purchaser.
Samples of the rejected product shall be taken in accordance
with the product specification and subjected to test by both
parties using the test method(s) specified in the product
specification. Alternately, upon agreement of both parties, an
independent laboratory may be selected for the test(s) using the
test method(s) specified in the product specification.

22. Certification

22.1 When specified in the purchase order or contract, a
manufacturer’s certificate of compliance shall be furnished to
the purchaser stating that samples representing each lot have
been tested and inspected in accordance with this specification
and the requirements have been met.

22.2 When material is specified to meet the requirement of
ASME Boiler and Pressure Vessel Code, certification is man-
datory.

23. Mill Test Report

23.1 When specified in the purchase order or contract, the
manufacturer or supplier shall furnish to the purchaser a
manufacturer’s test report showing the results of the required
tests.

24. Packaging and Package Marking

24.1 The material shall be separated by alloy, size, and
temper. It shall be packaged in such a manner as to ensure
acceptance by common carrier for transportation and to afford
adequate protection from normal hazards of transportation.

24.2 Each shipping unit shall be legibly marked with the
name of supplier, purchase order number, metal or alloy
designation, temper, size, total length or piece count, or both.

24.3 The specification number shall be shown when speci-
fied.

25. Keywords

25.1 condenser; copper; copper alloys; heat exchanger;
integral fins; seamless; tube; UNS No. C10100; UNS No.
C10200; UNS No. C10300; UNS No. C10800; UNS
No.C12000; UNS No.C12200; UNS No. C14200; UNS No.
C19200; UNS No. C23000; UNS No. C44300; UNS No.
C44400; UNS No. C44500; UNS No. C60800; UNS No.
C68700; UNS No. C70400; UNS No. C70600; UNS No.
C70620; UNS No. C71000; UNS No. C71500; UNS No.
C71520; UNS No. C72200
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein.

S1.1.1 ASTM Standards:
B 900 Practice for Packaging of Copper and Copper-Alloy

Mill-Products for U. S. Government Agencies
D 4727 Specification for Corrugated and Solid Fiberboard

Sheet Stock (Container Grade) and Cut Shapes8

S1.1.2 Military Standards:9

MIL-STD-271 Nondestructive Testing Requirements for
Metals

MIL-STD-2035 Nondestructive Testing Acceptance Criteria
S1.1.3 Military Specifications:9

MIL-L-19140 Lumber and Plywood, Fire-Retardant Treated

S2. Standard Government Tube Dimensions

S2.1 Number of Fins—Tube shall have 19 + 1, −0 fins per
inch as averaged over any 12 in. length.

S2.2 Fin Height—The fin height shall be 0.050 in., mini-
mum.

S2.3 Dimensions—Table S1 lists standard tube diameters
and wall thickness.

S2.4 Root Diameter Tolerances—A tolerance of +0.007 in.
and −0.003 in. on the root diameter shall be permitted.

S2.5 Straightness Tolerance—The straightness tolerances
of Table S2 shall apply to as-finned tube only.

S2.6 The tolerances for outside diameter of the unenhanced
ends, specified in Table 5, shall be all negative.

S3. Sampling

S3.1 Lot Definition—For sampling purposes, a lot shall
consist of lengths of tubes of the same composition, temper,
size, heat treated at the same time in the same furnace, offered
for delivery at the same time and identifiable by mill records as
originating from one or more heats (melts), as necessary, which
conform to the chemical requirements. The total weight of the
lot shall not exceed 10 000 pounds.

S3.2 Visual and Dimensional Examination—From each lot,
a representative sample of tubes shall be selected in accordance
with Table S3 for inspection to the requirements of Section 13

8 Annual Book of ASTM Standards,Vol 15.09.
9 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

TABLE S1 Dimensions of Integrally Finned Condenser Tubes

Nominal Unenhanced Section Enhanced Section

Outside Diameter,
in.

Wall Thickness,
in.

Specified Outside
Diameter, in.

Wall Thickness,
min., in.

Specified Root
Diameter, in.

Wall Thickness,
min., in.

1⁄2 0.032 0.500 0.049 0.375 0.032
1⁄2 0.042 0.500 0.058 0.375 0.042
1⁄2 0.049 0.500 0.065 0.375 0.049
5⁄8 0.028 0.625 0.042 0.500 0.028
5⁄8 0.035 0.625 0.049 0.500 0.035
5⁄8 0.049 0.625 0.065 0.500 0.049
5⁄8 0.058 0.625 0.072 0.500 0.058
5⁄8 0.065 0.625 0.083 0.500 0.065
3⁄4 0.028 0.750 0.049 0.625 0.028
3⁄4 0.035 0.750 0.052 0.625 0.035
3⁄4 0.042 0.750 0.058 0.625 0.042
3⁄4 0.049 0.750 0.065 0.625 0.049
3⁄4 0.058 0.750 0.075 0.625 0.058
3⁄4 0.065 0.750 0.083 0.625 0.065
3⁄4 0.072 0.750 0.086 0.625 0.072
3⁄4 0.083 0.750 0.095 0.625 0.083
3⁄4 0.095 0.750 0.109 0.625 0.095
7⁄8 0.035 0.875 0.052 0.750 0.035
7⁄8 0.042 0.875 0.058 0.750 0.042
7⁄8 0.049 0.875 0.065 0.750 0.049
7⁄8 0.058 0.875 0.075 0.750 0.058
7⁄8 0.065 0.875 0.083 0.750 0.065
7⁄8 0.072 0.875 0.086 0.750 0.072
7⁄8 0.083 0.875 0.095 0.750 0.083
1 0.042 1.000 0.058 0.875 0.042
1 0.049 1.000 0.065 0.875 0.049
1 0.058 1.000 0.075 0.875 0.058
1 0.065 1.000 0.083 0.875 0.065
1 0.072 1.000 0.086 0.875 0.072
1 0.083 1.000 0.095 0.875 0.083
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Dimensions and Permissible Variations and Section 14 Work-
manship, Finish and Appearance of this specification and
Section 2 of this supplement.

S3.3 Destructive Tests—From each lot a representative
sample for flattening, flaring and grain size tests as specified in
this specification shall be selected in accordance with Table S4.

S3.4 Chemical Analysis—Samples shall be taken at the time
the metal is cast. One sample shall be taken for each group of
castings poured from the same source of molten metal.
Analysis of all metal compromising the lot shall be performed.

S4. Nondestructive Testing

S4.1 Eddy Current and Pressure Tests—Both eddy current
and pressure tests are required.

S4.2 Eddy Current Procedure—An eddy current test shall
be performed which meets the requirements specified in this
specification and MIL-STD-271.

S4.2.1 Liquid Penetrant Inspection—Liquid penetrant in-
spection in accordance with MIL-STD-271 shall be performed
on the outside surface and the end surfaces of the smooth ends
of the tubes to inspect the area of the tubes missed by the eddy
current test due to “end effect.” Alternatively, the area of the
tube ends missed may be cropped off and discarded. Liquid
penetrant acceptance criteria shall be in accordance with
MIL-STD-2035.

S5. Cleaning
S5.1 Cleanness—Contaminants, such as sulfur or sulfur-

bearing compounds or carbon or carbon compounds from
lubricants used in forming, machining, or other processing and
marking materials used for in-process identification, shall be
removed from the material prior to any heat treatment. Tubing
shall be acid or abrasive cleaned. Traces of acid or abrasive
shall be removed following cleaning.

S6. Preparation for Delivery
S6.1 Military Agencies—Material shall be separated by

size, and composition and shall be preserved and packaged
level A or C, packed level A, B, or C, as specified in the
purchase order or contract in accordance with the requirements
of Practice B 900. In addition when specified in the contract or
purchase order the following shall apply:

S6.1.1 Fire Retardant Requirements:
S6.1.1.1Lumber and Plywood—All lumber and plywood

including laminated veneer materials used in shipping con-
tainer and pallet construction, members, blocking, bracing, and
reinforcing shall be fire retardant treated materials conforming
to MIL-L-19140 as follows:

Level A and B Type II—weather resistant
Category I—general use

Level C Type I—non weather resistant
Category I—general use

S6.1.1.2Fiberboard—Fiberboard used in the construction
of boxes including interior packaging forms shall conform to
the class-domestic/fire retardant or class-weather resistant/fire
retardant materials requirements, as specified in the acquisi-
tioning document, of Specification D 4727.

S6.1.2 Cushioning or wrapping materials shall be provided
to prevent damage and to prevent free movement of the
container contents. The use of excelsior, newspaper, shredded
paper and similar hydroscopic or non-neutral materials and all
types of loose fill materials for packaging applications such as
cushioning, fill, stuffing and dunnage is prohibited.

TABLE S2 Permissible Variations in Straightness of Tube

Length,
ft

Maximum Curvature (depth of arc),
in.

Over 3 to 6 inclusive 3⁄16

Over 6 to 8 inclusive 5⁄16

Over 8 to 10 inclusive 1⁄2
Over 10 1⁄2 in. in any 10 ft portion of the total length

TABLE S3 Sampling for Visual and Dimensional Examinations

Lot Size Sample Size

2–13 All
14–150 13
151–280 20
281–500 29

501–1200 34
1201–3200 42

TABLE S4 Sampling for Destructive Tests

Lot Size Sample Size

1–25 2
26–50 3
51–90 4

91–150 5
151–280 6
281–500 7

501–1200 8
1201–3200 9
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 359 – 98)
that may impact the use of this standard.

(1) General rewrite of the document to comply with the outline
of form including miscellaneous working changes.
(2) Addition of alloys C70620 and C71520 for Welding grade.

(3) Addition of Test Method B 858.

(4) Revision to caption in Fig. 1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 360 – 01

Standard Specification for
Hard-Drawn Copper Capillary Tube for Restrictor
Applications 1

This standard is issued under the fixed designation B 360; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification establishes the requirements for hard-
drawn, seamless capillary tube made from Copper Alloy UNS
Nos. C10800, C12000, or C12200.

1.2 This tube is commonly supplied in straight lengths
intended for restrictor applications such as metering lines for
liquids and gases where close control over smoothness and
diameter of the bore is required to insure uniform flow
characteristics between tubes.

1.3 The values stated in inch pound units are to be regarded
as the standard. The values given in parentheses are mathemati-
cal conversions to SI units, which are provided for information
only and are not considered standard.

1.4 The following safety hazard caveat pertains only to the
test method described in section 16.4 (Cleanness Test) of this
specification:This standard does not purport to address all of
the safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 251 Specification for General Requirements for Wrought

Seamless Copper and Copper-Alloy Tube2

B 577 Test Methods for Hydrogen Embrittlement of Cop-
per3

B 601 Practice for Temper Designation for Copper and
Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 8 Test Methods for Tension Testing of Metallic Speci-
mens4

E 53 Test Method for Chemical Analysis of Copper5

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)5

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition5

2.2 ASHRAE Standard:
No. 28-88 Method for Testing Capillary Tubes6

3. General Requirements

3.1 The following sections of Specification B 251 are a part
of this specification.

3.1.1 Terminology,
3.1.2 Workmanship, Finish and Appearance,
3.1.3 Significance of Numerical Limits,
3.1.4 Inspection,
3.1.5 Rejection and Rehearing,
3.1.6 Certification,
3.1.7 Test Reports,
3.1.8 Package and Package Marking, and
3.2 In addition, when a section with a title identical with

those referenced in 3.1 appears in this specification, it contains
additional requirements which supplement those appearing in
Specification B 251. In case of conflict this specification shall
prevail.

4. Terminology

4.1 For the definition of terms related to copper and copper
alloys refer to Terminology B 846.

4.2 Definitions of Terms Specific to This Standard:
4.2.1 capable of, adj—possessing the required properties or

characteristic, or both, necessary to conform to specification
requirements when subjected to specified test(s).

5. Ordering Information

5.1 The contract or purchase order for product under this
specification shall include the following information, as appli-
cable:

5.1.1 ASTM designation and year of issue (for example,
B360 – XX),

5.1.2 Copper Alloy UNS No. (for example, C10800, Section
7 and Table 1),

5.1.3 Dimensions: inside and outside diameter (Table 2),
5.1.4 Air Flow requirements (ft3/min), (see 10.3),

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 10, 2001. Published December 2001. Originally
published as B 360 – 60. Last previous edition B 360 – 95.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 01.01.

6 Available from the American Society of Heating, Refrigeration, and Air-
Conditioning Engineers, Inc., 1791 Tullie Circle, NE, Atlanta, GA 30329.

1

*A Summary of Changes section appears at the end of this standard.
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NOTE 1—Product is specified to air flow requirements for capillary
applications.

5.1.5 Quantity, total length, number of pieces or total weight
of each size,

5.1.6 Length per piece of each size, and
5.2 The following options are available and should be

specified in the contract or purchase order when required:
5.2.1 Heat Identification or traceability details,
5.2.2 Embrittlement test, (see 10.1),
5.2.3 Certification, (see 3.1.6), and
5.2.4 Mill test report (see 3.1.7).

6. Material and Manufacture

6.1 Material:
6.1.1 The tube shall be from Copper UNS No. C10800

(oxygen free, low phosphorus), C12000 (phosphorus deoxi-
dized, low residual phosphorus), or C12200 (phosphorus
deoxidized, high residual phosphorus) and of such purity and
soundness as to be suitable for processing in to the product
prescribed herein.

6.1.2 When heat identification or traceability is required, the
details desired shall be specified in the contract or purchase
order.

NOTE 2—Due to the discontinuous nature of processing castings into
wrought products it is not practical to identify specific casting analysis
with a specific quantity of finished product.

6.2 Manufacture:
6.2.1 The product shall be finished by cold drawing.
6.2.2 The tube shall be finished by degreasing or other

cleaning operations to meet the stringent requirements for
cleanness of the inner diameter.

6.2.3 The outside and inside of both ends of straight lengths
shall be made free of burrs that could restrict flow, by burr-free
cutting, brushing, or chamfering.

6.2.4 The maximum allowable residue as determined by the
cleanness test described in 16.4 shall not exceed the value
given in Table 2 for the tube size tested.

7. Chemical Composition

7.1 The product shall conform to the specified Copper UNS
No. designation as in Table 1.

7.1.1 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for un-named elements by agreement between the
manufacturer and purchaser.

8. Temper

8.1 The tubes shall be furnished in the H807 (hard drawn)
condition.

9. Mechanical Property Requirements

9.1 Tensile Strength:
9.1.1 The tubes shall have a tensile strength of 45 ksi (310

MPa) minimum.

10. Other Requirements

10.1 Embrittlement Requirement:
10.1.1 Samples of product produced from Coppers UNS

Nos. C10800 and C12000 shall be capable of passing the
embrittlement test of Procedure B of Test Methods B 577. The
actual performance of this test is not mandatory under the
terms of this specification unless specified in the ordering
information. In case of a dispute, a referee method in accor-
dance with Procedure C shall be employed.

10.2 Cleanness Requirement:
10.2.1 The residue attributable to the tubes shall not exceed

0.0002 g/in.2(0.310 g/m2) of internal surface of the tube when
subjected to test as directed in 16.4 (Refer to Table 2)

10.3 Air Flow Requirement:
10.3.1 The tubes shall conform to the air flow requirements,

in ft3/min [cfm] stipulated at the time of order placement, when
tested in accordance with the test in 16.5.

11. Dimensions, Mass, and Permissible Variations

11.1 Outside Diameter Tolerance:
11.1.1 The average outside diameter tolerance shall be

60.002 in. (0.051 mm).
11.2 Inside Diameter Tolerance:
11.2.1 The average inside diameter tolerance shall be

60.001 in. (0.025 mm) which shall be determined by the air
flow test.

11.3 Straightness:
11.3.1 The straightness tolerance shall be in accordance

with Table 3.

12. Workmanship, Finish and Appearance

12.1 The inside and outside edges of both ends of straight
lengths of tube shall be free of burrs (see 6.2.2).

13. Sampling

13.1 The lot size, portion size, and selection of pieces shall
be as follows:

13.1.1 Lot Size—1000 pieces, or minimum of 100 lb, or
fraction thereof.

13.1.2 Portion Size—0.2 % of the pieces in the lot, or a
minimum of four pieces, whichever is greater.

13.2 Chemical Composition:
13.2.1 The sample shall be taken in approximately equal

weight from each portion piece selected in 13.1.2 and prepared
in accordance with Practice E 255. The minimum weight of the
composite sample shall be 150 g.

13.2.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of sampling at
the time castings are poured or taken from the semi-finished
product. When the chemical composition has been determined
during the course of manufacture, sampling of the finished
product is not required.

13.2.3 The number of samples taken during the course of
manufacture shall be as follows:7 Refer to Practice B 601 for definition of temper designations.

TABLE 1 Chemical Requirements

Element, Percent C10800 C12000 C12200

Copper 99.95A 99.90B 99.9B

Phosphorus 0.005–0.012 0.004–0.012 0.015–0.040
A Copper + Silver + Phosphorus.
B Silver is counted as Copper.
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13.2.3.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

13.2.3.2 When samples are taken from the semi-finished
product, a sample shall be taken to represent each 10 000 lb
(4537 kg) or fraction thereof, except that not more than one
sample per piece shall be required.

13.3 Other Tests:
13.3.1 Specimens for all other tests shall be taken from two

of the sample pieces taken in 13.1.2.

14. Number of Tests and Retests

14.1 Tests:
14.1.1 Chemical Analysis—Chemical composition shall be

determined as the per element average of results from at least
two replicate analysis of the sample and each determination
must meet the specification requirements.

14.1.2 Tensile Strength—Shall be reported as the average
results obtained from the specimen prepared from each of two
pieces selected in 13.1.2.

14.1.3 Specimens for all other test must conform to speci-
fication requirements.

14.2 Retests:

14.2.1 When requested by the manufacturer or supplier, a
retest shall be permitted when test results obtained by the
purchaser fail to conform with the product specification re-
quirement(s).

14.2.2 Retesting shall be as directed in the product specifi-
cation for the initial test, except for the number of test
specimens which shall be twice that normally required for the
test. Test results for all specimens shall conform to the product
specification requirement(s) in retest and failure to comply
shall be cause for lot rejection.

15. Specimen Preparation

15.1 Chemical Analysis:
15.1.1 Preparation of the analytical specimens shall be the

responsibility of the reporting laboratory.
15.2 Tensile Strength:
15.2.1 The test specimen shall be of the full section of the

tube and shall conform to the requirements specified in the
section “Specimens for Pipe and Tube” in Test Methods E 8.

15.3 Embrittlement:
15.3.1 Test specimens shall be prepared in accordance with

Procedure B of Test Methods B 577. In case of dispute, test
specimens preparation shall be in accordance with Procedure C
of Test Methods B 577.

15.4 Cleanness:
15.4.1 Full-length specimens of finished product, subse-

quent to cleaning, shall be selected for testing, where feasible,
to minimize the possibility of contamination from cutting
operations.

15.4.2 If full-length specimens can not be utilized due to
size, length, or other constraints, the specimen must be
prepared in such a manner as to prevent the inclusion in the

TABLE 2 Standard Dimensions and Residue Limits of Interior Surfaces for Capillary Tubes

Outside Diameter, in. (mm)
Inside Diameter, in.

(mm)
Mean Wall Thickness, in.

(mm)
Cross-Sectional Area of
Tube Bore, in.2(mm2)A

Weight, lb/ft (kg/m)
Maximum Allowable

Residue,
g/linear ft (g/linear m)

0.072 (1.83) 0.026 (0.660) 0.023 (0.584) 0.0005309 (0.343) 0.01373 (0.0204) 0.00020 (0.000656)
0.072 (1.83) 0.028 (0.711) 0.022 (0.558) 0.0006158 (0.397) 0.01340 (0.0199) 0.00021 (0.000689)
0.081 (2.06) 0.031 (0.787) 0.025 (0.635) 0.0007548 (0.487) 0.01705 (0.0254) 0.00023 (0.000754)
0.081 (2.06) 0.033 (0.838) 0.024 (0.606) 0.0008553 (0.552) 0.01666 (0.0248) 0.00025 (0.000820)
0.087 (2.21) 0.036 (0.914) 0.0255 (0.648) 0.001018 (0.657) 0.01910 (0.0284) 0.00027 (0.000886)

0.087 (2.21) 0.039 (0.991) 0.024 (0.606) 0.001195 (0.771) 0.01842 (0.0239) 0.00029 (0.000951)
0.093 (2.36) 0.042 (1.07) 0.0255 (0.648) 0.001385 (0.893) 0.02096 (0.0312) 0.00032 (0.00105)
0.097 (2.47) 0.046 (1.17) 0.025 (0.648) 0.001662 (1.07) 0.02221 (0.0331) 0.00035 (0.00115)
0.099 (2.51) 0.049 (1.24) 0.025 (0.635) 0.001886 (1.22) 0.02253 (0.0335) 0.00037 (0.00121)
0.106 (2.69) 0.054 (1.37) 0.026 (0.660) 0.002290 (1.48) 0.02533 (0.0377) 0.00041 (0.00134)

0.112 (2.84) 0.059 (1.50) 0.0265 (0.673) 0.002734 (1.76) 0.02760 (0.0411) 0.00044 (0.00144)
0.125 (3.18) 0.064 (1.63) 0.0305 (0.775) 0.003217 (2.07) 0.03511 (0.0522) 0.00048 (0.00157)
0.125 (3.18) 0.070 (1.78) 0.0275 (0.698) 0.003848 (2.48) 0.03266 (0.0486) 0.00053 (0.00174)
0.125 (3.18) 0.075 (1.91) 0.025 (0.635) 0.004418 (2.85) 0.03054 (0.0454) 0.00057 (0.00187)
0.145 (3.68) 0.080 (2.03) 0.0325 (0.826) 0.005027 (3.24) 0.04453 (0.0663) 0.00060 (0.00197)

0.145 (3.68) 0.085 (2.16) 0.030 (0.762) 0.005674 (3.66) 0.04202 (0.0625) 0.00064 (0.00210)
0.145 (3.68) 0.090 (2.29) 0.0275 (0.698) 0.006362 (4.10) 0.03936 (0.0586) 0.00068 (0.00223)
0.160 (4.06) 0.100 (2.54) 0.030 (0.762) 0.007854 (5.07) 0.04750 (0.0707) 0.00075 (0.00246)
0.160 (4.06) 0.110 (2.79) 0.025 (0.635) 0.009503 (6.13) 0.04111 (0.0611) 0.00083 (0.00272)
0.188 (4.78) 0.120 (3.03) 0.034 (0.864) 0.01131 (7.29) 0.06377 (0.0949) 0.00090 (0.00295)

0.188 (4.78) 0.130 (3.30) 0.029 (0.737) 0.01327 (8.56) 0.05616 (0.0836) 0.00098 (0.00321)
0.200 (5.08) 0.145 (3.68) 0.0275 (0.698) 0.01651 (10.7) 0.05779 (0.0860) 0.00109 (0.00358)
0.220 (5.59) 0.160 (4.06) 0.030 (0.762) 0.02011 (13.0) 0.06943 (0.103) 0.00121 (0.00397)
0.240 (6.10) 0.175 (4.45) 0.0325 (0.826) 0.02405 (15.5) 0.08107 (0.121) 0.00132 (0.00433)

A Cross-section area of tube bore in.2 = (P i)(ID)2/4 where: p = 3.1416 and ID = inside diameter.

TABLE 3 Straightness Tolerance

Length
Ft (m)

Maximum Curvature (Depth of Arc)
in. (mm)

Over 3 (0.914) to 6 (1.83), incl. .188 in. (4.8)
Over 6 (1.83) to 8 (2.44), incl. .313 in. (7.9)
Over 8 (2.44) to 10 (3.05), incl. .500 in. (13)
Over 10 (3.05) .500 in. (13) in any 10 ft (3.05 m) section
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residue of copper chips or dust, resulting from cutting opera-
tions.

15.4.3 In performing this test, care must be exercised to
clean the outside surface of the end of the specimen to be
immersed in the solvent.

15.5 Air Flow Test:
15.5.1 Full-length specimens of finished product shall be

selected for testing.

16. Test Methods

16.1 Chemical Composition:
16.1.1 Material composition shall be determined, in case of

dispute as follows:
Element Method

Copper E 53
Phosphorus E 62

16.1.2 Test method(s) used for the determination of other
element(s) required by contractual or purchase order agreement
shall be as agreed upon between the manufacturer, or supplier,
and the purchaser.

16.2 Tensile Strength:
16.2.1 Tensile strength shall be determined as directed in

procedure for small tube in Test Methods E 8.
16.2.2 Test results are not seriously affected by variations in

speed of testing. A considerable range of testing speed is
permitted; however, the rate of stressing to the yield strength
should not exceed 100 ksi (690 MPa)/min. Above the yield
strength the movement per minute of the testing machine head
under load should not exceed 0.5 in./in. (0.5 mm/mm) of gage
length (or distance between grips for full section specimens).

16.3 Embrittlement:
16.3.1 Procedure B of Test Method B 577 shall be followed

and in the case of dispute Procedure C shall be followed.
16.4 Cleanness:
16.4.1 In performing this test care must be exercised to

clean the outside surface of the end of the specimen to be
immersed in the solvent. Full-length specimens of finished
product should be tested to minimize the possibility of con-
tamination from cutting operations. If full-length specimens
can not be utilized the specimens must be prepared in such a
manner as to prevent the inclusion in the residue of copper
chips or dust, resulting from specimen preparations.

16.4.2 Using the schematic depicted in Fig. 1, clean the
interior surface of the sample with a suitable solvent (not less
than 50 mL per specimen).

16.4.3 After collection of the solvent and residue in the
vacuum flask transfer the contents of the vacuum flask to a
beaker of known weight. Transfer an equivalent amount of

clean solvent into a second beaker of known weight. (This is a
blank to determine the contaminates in the solvent.)

16.4.4 With adequate exhaust, evaporate the solvent in both
beakers to near dryness on a low temperature hot plate or
sandbath. (Warning—Overheating may cause charring of the
residue.)

16.4.5 Place the beakers in a drying oven set at 1056 5°C
for approximately 10 min, or longer as necessary, to complete
the drying process. Remove the dried containers, cool in a
desiccator, and weigh.

16.4.6 Calculate the weight gain of the beakers by subtract-
ing the original weight from the final weight for each.

~Final Weight – Original Weight5 Residue Weight!

16.4.7 The residue per unit area is then calculated using the
following formula:

~Residue Weight of Sample – Residue Weight of Blank!

Interior Surface Area of Sample~in.2!

16.5 Air Flow:
16.5.1 Airflow shall be determined in accordance with

ASHRAE Standard 28-88 after the bore has been washed with
a suitable solvent.

16.5.2 The manufacturer and the purchaser shall agree upon
the test method used for manufacturing quality control.

17. Packaging and Package Marking

17.1 The tube ends shall be protected in such a manner as to
prevent entrance of dust, chips or other foreign matter.

18. Keywords

18.1 C10800; C12000; C12200; capillary tube; metering
tube; restrictor tube; tube

FIG. 1 Residue Extraction Apparatus
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SUMMARY OF CHANGES

This sections identifies the principal changes to this standard that have been incorporated since the last issue.

(1) General rewrite and reorganization of the document to
correspond with the B05Outline of Form of Specifications.
(2) Clarification of the Embrittlement Test application.

(3) Purchases for Government Requirements was removed
from the core of the document since the supplementary
requirements referenced did not exist.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 369 – 96 (Reapproved 2003)

Standard Specification for
Copper-Nickel Alloy Castings 1

This standard is issued under the fixed designation B 369; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification covers requirements for copper-nickel
alloy castings whose nominal compositions are shown in Table
1. These are as follows:2

Copper Alloy UNS No.2 Previous Designation

C96200 Alloy A
C96400 Alloy B

1.2 Castings of these alloys are used primarily for
corrosion-resisting purposes in both constructional and pres-
sure applications and particularly in marine pumps, valves, and
fittings.

1.3 These alloys are considered weldable, but they may be
ordered with a weld test to ensure weldability. When extensive
welding is to be performed on the casting, weldability tests
should be specified in the ordering information (4.2.6) to
ensure proper welding characteristics.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are provided
for information purposes only.

1.5 This hazard statement applies only to Section 6, Weld-
ability Test, of this specification.This standard does not
purport to address all of the safety concerns, if any, associated
with its use. It is the responsibility of the user of this standard
to establish appropriate safety and health practices and
determine the applicability of regulatory limitations prior to
use.

2. Referenced Documents

2.1 ASTM Standards:
B 208 Practice for Preparing Tension Test Specimens for

Copper Alloys for Sand, Permanent Mold, Centrifugal and
Continuous Castings3

B 824 Specification for General Requirements for Copper
Alloy Castings3

B 846 Terminology for Copper and Copper Alloys3

E 527 Practice for Numbering Metals and Alloys (UNS)4

2.2 ASME Code:
ASME Boiler and Pressure Vessel Code5

2.3 AWS Standard:
AWS A5.6 Specification for Copper and Copper-Alloy Arc-

Welding Electrodes6

3. Terminology

3.1 Definitions of terms relating to copper alloys can be
found in Terminology B 846.

4. Ordering Information

4.1 Orders for castings under this specification should
include the following information:

4.1.1 Specification title, number, and year of issue,
4.1.2 Quantity of castings,
4.1.3 Copper Alloy UNS Number (Table 2),
4.1.4 Pattern or drawing number and condition (as-cast,

machined, and so forth),
4.1.5 ASME Boiler and Pressure Vessel Code Requirements

(Section 11),
4.1.6 When material is purchased for agencies of the U.S.

Government, the Supplementary Requirements of this specifi-
cation may be specified.

4.2 The following are optional and should be specified in
the purchase order when required:

4.2.1 Pressure test or soundness requirements (Specification
B 824),

4.2.2 Witness inspection (Specification B 824),
4.2.3 Certification (Specification B 824),
4.2.4 Foundry test report (Specification B 824),
4.2.5 Product marking (Specification B 824),
4.2.6 Weldability test (1.3 and Section 6), and
4.2.7 Approval of weld procedure and records of repairs

(Section 10).

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.05 on
Castings and Ingots for Remelting.

Current edition approved Apr. 10, 2003. Published June 2003. Originally
approved in 1961. Last previous edition approved in 1996 as B 369 – 96.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00”. The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vol 01.01.
5 Available from American Society of Mechanical Engineers (ASME), ASME

International Headquarters, Three Park Ave., New York, NY 10016-5990.
6 Available from The American Welding Society (AWS), 550 NW LeJeune Rd.,

Miami, FL 33126.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



5. Chemical Composition

5.1 The castings shall conform to the chemical requirements
shown in Table 2 for the copper alloy UNS numbers specified
in the purchase order.

5.2 These specification limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements agreed upon between the
manufacturer or supplier and the purchaser. Copper may be
given as remainder and may be taken as the difference between
the sum of all elements analyzed and 100 %. When all the
elements in the table are analyzed, their sum shall be 99.5 %
minimum.

6. Mechanical Properties

6.1 Mechanical properties shall be determined from sepa-
rately cast test bar castings, and shall meet the requirements
shown in Table 3.

7. Weldability Test

7.1 When specified in the purchase order at least one test
cast as shown in Fig. 1 shall be prepared for each lot of welding
grade castings (4.2.6).

7.2 The block shall be molded, gated, and risered in a
manner to produce a sound casting without defects that might
interfere with welding or the interpretation of the results of the
test.

7.3 The groove in the test block shall be completely filled
with weld deposit metal, using the manual metallic-arc process
with 1⁄8 -in. (12.7-mm) or5⁄32 -in. (3.97-mm) diameter copper-

nickel (70-30) coated electrodes conforming to classification
AWS ECuNi of AWS Specification A5.6. The interpass tem-
perature need not be controlled, unless it is to be controlled in
fabrication.

7.4 One3⁄8 -in. (9.52-mm) minimum thick bend coupon (see
Fig. 2), shall be removed longitudinally from the center of the
welded block by machining, sawing, abrasive cutting, or other
suitable means. Cut surfaces and edges should be sanded
smooth if necessary. The side bend specimen then shall be bent
180° in a guided bend jig around a mandrel11⁄2 in. (38.1 mm)
in diameter with the weld located at the center of the bend.

7.5 Cracks or other open defects exceeding1⁄8 in. measured
in any direction in the fusion zone or heat-affected zone on the

TABLE 1 Nominal Compositions

Copper Alloy UNS No.
Composition, %

Copper Nickel Iron Silicon Manganese Niobium
C96200
C96400

87.5
67.0

10.0
30.0

1.5
0.7

0.1
0.5

0.9
0.8

...
1.0

TABLE 2 Chemical Requirements

Copper Alloy UNS No.
C96200

Copper Alloy UNS No.
C96400

Min, % Max, % Min, % Max, %

Copper balance balance
Lead ... 0.01 ... 0.01
Iron 1.0 1.8 0.25 1.5
Nickel, incl cobalt 9.0 11.0 28.0 32.0
Manganese ... 1.5 ... 1.5
Silicon ... 0.50 ... 0.50
Niobium ... 1.0 0.50 1.5
Phosphorus ... 0.02 ... 0.02
Sulfur ... 0.02 ... 0.02
Carbon ... 0.10 ... 0.15

TABLE 3 Mechanical Requirements

Copper Alloy UNS No.
C96200

Copper Alloy UNS No.
C96400

Tensile strength, min, ksiA (MPa) 45 (310) 60 (415)
Yield strength,B min, ksiA (MPa) 25 (170) 32 (220)
Elongation in 2 in. (50.8 mm), % 20 20

A ksi = 1000 psi.
B Yield strength shall be determined as the stress producing an elongation under

load of 0.5 %, that is 0.01 in. (0.254 mm) in a gage length of 2 in. (50.8 mm).

TABLE 4 Metric Conversion Values for Figs. 1 and 2

in. mm in. mm

1⁄8 3.18 13⁄4 44.4
3⁄8 9.52 23⁄4 69.8
3⁄4 19.0 3 76.2
1 25.4 31⁄2 88.9

11⁄8 28.6 6 152

NOTE 1—For metric equivalents see Table 4.
FIG. 1 Cast Block for Weldability Test

NOTE 1—For metric equivalents see Table 4.
FIG. 2 Weldability Test Block
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convex surface of the specimen after bending shall be cause for
rejection. Cracks originating at weld-bead undercuts, at weld-
slag inclusions, or at casting defects shall not be cause for
rejection.

8. Casting Repair

8.1 Alloys included in this specification are generally weld-
able. Weld repairs may be made at the manufacturer’s discre-
tion provided each excavation does not exceed 20 % of the
casting section or wall thickness or 4 % of the casting surface
area.

8.2 Excavations that exceed those described in 7.1 may be
made at the manufacturer’s discretion except that when speci-
fied in the purchase order (9.1.11) the weld procedure shall be
approved by the purchaser and the following record shall be
maintained:

8.2.1 A sketch or drawing showing the dimensions, depth,
and location of excavations,

8.2.2 Post weld heat treatment, when applicable,
8.2.3 Weld repair inspection results,
8.2.4 Casting identification number,
8.2.5 Weld procedure identification number,
8.2.6 Welder identification, and
8.2.7 Name of inspector.
8.3 The castings shall not be impregnated without approval

of the purchaser.

9. General Requirements

9.1 The following sections of Specification B 824 form a
part of this specification. In the event of a conflict between this
specification and Specification B 824, the requirements of this
specification shall take precedence.

9.1.1 Terminology (Section 3),
9.1.2 Other Requirements (Section 5),
9.1.3 Dimensions, Mass, and Permissible Variations (Sec-

tion 6),
9.1.4 Workmanship, Finish, and Appearance (Section 7),
9.1.5 Sampling (Section 8),
9.1.6 Number of Tests and Retests (Section 10),
9.1.7 Specimen Preparation (Section 11),
9.1.8 Test Methods (Section 12),

9.1.9 Significance of Numerical Limits (Section 13),
9.1.10 Inspection (Section 14),
9.1.11 Rejection and Rehearing (Section 15),
9.1.12 Certification (Section 16),
9.1.13 Test Report (Section 17),
9.1.14 Product Marking (Section 18), and
9.1.15 Packaging and Package Marking (Section 19).

10. Sampling

10.1 Test bar castings for the copper alloy UNS numbers in
this specification shall be cast to the form and dimensions
shown in Fig. 1 or Fig. 2 of Practice B 208.

11. Test Methods

11.1 Analytical chemical methods are given in Specification
B 824.

11.1.1 Test methods to be followed for the determination of
elements resulting from contractual or purchase order agree-
ment shall be as agreed upon between the manufacturer or
supplier and the purchaser.

12. ASME Requirements

12.1 When specified in the purchase order to meet ASME
Boiler and Pressure Vessel Code requirements, castings in
copper alloy UNS No. C96200 shall comply with the follow-
ing:

12.1.1 Certification requirements of Specification B 824.
12.1.2 Foundry test report requirements of Specification

B 824.
12.1.3 Castings shall be marked with the manufacturer’s

name, the copper alloy UNS number, and the casting quality
factor. In addition, heat numbers or serial numbers that are
traceable to heat numbers shall be marked on all pressure-
containing castings individually weighing 50 lb (22.7 kg) or
more. Pressure-containing castings weighing less than 50 lb
(22.7 kg) shall be marked with either the heat number or a
serial number that will identify the casting as to the month in
which it was poured. Marking shall be in such a position as to
not injure the usefulness of the casting.

13. Keywords

13.1 copper-alloy castings; copper-nickel castings

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:7

Fed. Std. No. 102 Preservation, Packaging, and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standards:7

MIL-STD-129 Marking for Shipment and Storage
MIL-STD-248 Welded and Brazing Procedure in Perfor-

mance Qualification
7 Standardization Documents Order Desk, Bldg. 4 Section D, 700 Robbins Ave.,

Philadelphia, PA 19111-5094 Attn: NPODS.
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MIL-STD-278 Welding and Casting Standard
S1.1.3 Military Specification:7

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Soundness

S2.1 Castings shall meet the soundness requirements of
MIL-STD-278 for the category, sub-category, and criticality
level specified in the purchase order.

S3. Pressure Test

S3.1 Castings shall meet the pressure test requirements of
MIL-STD-278.

S4. Weld Repair

S4.1 All repair welding shall be in accordance with MIL-
STD-278 using welders and welding procedures qualified in
accordance with MIL-STD-248.

S5. Quality Assurance

S5.1 Responsibility for Inspection:
S5.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is

placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to ensure that the material conforms to
prescribed requirements.

S6. Product Marking

S6.1 The castings shall be permanently marked in accor-
dance with MIL-STD-792 and include specification and alloy
number, pattern or drawing number, lot number, and manufac-
turer’s name or trademark.

S7. Preparation for Delivery

S7.1 Preservation, Packaging, and Packing:
S7.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, packed, Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S7.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S7.2 Marking:
S7.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S7.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 369 – 95)
that may impact the use of this standard.

(1) Section 3, Terminology, was added.
(2) Sections 9 and 4 were revised.
(3) Sections 10, Test Methods, and 11, ASME Requirements,
were added.

(4) The niobium content of copper alloy UNS No. C96200
was changed from 0.50–1.0 % to 1.0 % max.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

B 369 – 96 (2003)

4



Designation: B 370 – 03

Standard Specification for
Copper Sheet and Strip for Building Construction 1

This standard is issued under the fixed designation B 370; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes the requirements for rolled
copper sheet and strip in flat lengths or coils in ounce-weight
thicknesses for roofing, flashing, gutters, downspouts, and
general sheet metal work in building construction.

1.1.1 Products produced to this specification are not in-
tended for electrical applications.

1.2 Units—The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units that are provided for
information only and are not considered standard.

NOTE 1—Specification B 101 is an associated specification for lead-
coated copper sheets and strip for building construction.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 101 Specification for Lead-Coated Copper Sheet and
Strip for Building Construction

B 248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast

B 846 Terminology for Copper and Copper Alloys
E 3 Practice for Preparation of Metallographic Specimens
E 8 Test Methods for Tension Testing of Metallic Materials

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry

E 112 Test Methods for Determining Average Grain Size
E 255 Practice for Sampling Copper and Copper Alloys for

Determination of Chemical Composition
E 478 Test Methods for Chemical Analysis of Copper

Alloys

3. General Requirements

3.1 The following sections of Specification B 248 constitute
a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Specimen Preparation,
3.1.5 Test Methods,
3.1.6 Significance of Numerical Limits,
3.1.7 Inspection,
3.1.8 Certification,
3.1.9 Mill Test Report,
3.1.10 Packaging and Package Marking, and
3.1.11 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1, above, appears in this specification, it
contains additional requirements, which supplement those
appearing in Specification B 248.

4. Terminology

4.1 Definitions—For definitions of terms related to copper
and copper alloys, refer to Terminology B 846.

4.1.1 coil, n—a length of the product wound into a series of
connected turns.

4.1.1.1 Discussion—The unqualified term “coil” as applied
to “flat product” usually refers to a coil in which the product is
spirally wound, with the successive layers on top of one
another (sometimes called a “roll”).

4.1.2 lengths, mill, n—straight lengths, including ends, that
are be manufactured conveniently in the mills.

4.1.2.1 Discussion—Full length pieces usually are 8 or 10 ft
(2.4 or 3.0 m) and subject to established length tolerances.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved Oct. 1, 2003. Published November 2003. Originally
approved in 1961. Last previous edition approved in 1998 as B 370 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.3 length, stock, n—straight lengths that are mill cut and
stored in advance of orders.

4.1.3.1 Discussion—They usually are 8 or 10 ft (2.4 or 3.0
m) and subject to established length tolerances.

4.1.4 sheet, for building construction, n—a rolled flat prod-
uct over 24 in. (610 mm) in width and of ounce-weight
thickness from 8 to 48 oz.

4.1.5 strip, for building construction, n—a rolled flat prod-
uct up to 24 in. (610 mm), inclusive, in width and of
ounce-weight thickness from 8 to 48 oz.

4.1.6 ounce-weight, n—the weight of copper sheet or strip
expressed in ounces per square foot.

NOTE 2—In 4.1.4 and 4.1.5, the 8 to 48 oz refers to the names
commonly used in the building industry for the sizes used. The respective
sizes that correspond to these names are listed in Table 1.

5. Ordering Information

5.1 Contracts or purchase orders for products supplied
under this specification should include the following informa-
tion:

5.1.1 ASTM designation and year of issue (for example,
B 370–XX),

5.1.2 Temper (Section 8),
5.1.3 Dimensions: tolerances (Section 12),
5.1.4 How furnished: flat lengths or coils (4.1.1-4.1.3),
5.1.5 Quantity: total weight or number of pieces of each

form and size, and
5.1.6 When product is purchased for agencies of the U.S.

Government (Section 11).
5.2 The following are options available under this specifi-

cation and should be specified in the contract or purchase order
when required:

5.2.1 Heat identification or traceability details,
5.2.2 Certification, and
5.2.3 Mill test report.

6. Materials and Manufacture

6.1 Materials—The material shall be any copper conform-
ing with the chemical composition requirements (Section 7).

6.2 Manufacture:
6.2.1 Sheet—The product shall be manufactured in flat

sheets.

6.2.2 Strip—The product shall be manufactured in flat
lengths or in coils (rolls) of one single continuous length not
less than 25 ft (7.5 m) wound into a cylindrical spiral.

7. Chemical Composition

7.1 The material shall be any copper with a minimum
copper content, including silver, of 99.5 %.

7.1.1 Limits shall be established and analysis required for
unnamed elements by agreement between the manufacturer
and the purchaser.

8. Temper

8.1 Copper sheet and strip produced to this specification is
available in the following tempers as defined in Classification
B 601: O60 (soft), H00 (cold-rolled), H01 (cold-rolled, high
yield), H02 (half hard), H03 (three-quarter hard), and H04
(hard).

NOTE 3—The purchaser should confer with the manufacturer or sup-
plier concerning the availability of a specific temper and form.

NOTE 4—H00 temper is commonly known in the building industry as
cold-rolled temper.

NOTE 5—H01 temper is commonly known in the building industry as
cold-rolled, high yield temper.

9. Physical Properties

9.1 Grain Size—Although no grain size has been estab-
lished for temper O60, the product shall be recrystallized fully
as determined by Test Method E 112.

10. Mechanical Property Requirements

10.1 Tensile and Yield Strength Requirements:
10.1.1 The product shall conform to the requirements speci-

fied in Table 2 for the specific temper when subjected to test in
accordance with Test Methods E 8.

10.1.2 Acceptance or rejection for mechanical properties
shall be based upon the results of the tensile and yield strength
tests.

10.2 Rockwell Hardness—The approximate Rockwell val-
ues are given in Table 2 for general information and assistance
in testing and shall not be a basis for rejection.

10.2.1

NOTE 6—The Rockwell hardness test offers a quick and convenient
method of checking for general conformity to the specification require-
ments for temper and tensile strength.

11. Purchases for U.S. Government Agencies

11.1 When identified in the contract or purchase order,
product purchased for agencies of the U.S. Government shall
conform to the special government requirements stipulated in
the Supplemental Requirements.

12. Dimensions, Mass, and Permissible Variations

12.1 The product shall conform to the following require-
ments:

12.1.1 Thickness:
12.1.1.1 Tolerances of Sheet and Strip—The standard

method for specifying thickness shall be by ounce-weight. The
theoretical thickness for standard ounce-weights and the mini-
mum thickness, measured at any point, shall be as specified in
Table 1.

TABLE 1 Thickness and Weight Tolerances of Sheet and Strip

Ounce-Weight/ft2
Theoretical

Thickness,A in.
(mm)

Minimum Thickness
at Any Point, in.

(mm)

Lot-Weight
Tolerances, Plus
and Minus %B

6 0.0081 (0.206) 0.0071 (0.180) 10
8 0.0108 (0.274) 0.0097 (0.246) 8

10 0.0135 (0.343) 0.0124 (0.315) 6
12 0.0162 (0.411) 0.0150 (0.381) 5
16 0.0216 (0.549) 0.0204 (0.518) 4
20 0.0270 (0.686) 0.0258 (0.655) 3.5
24 0.0323 (0.820) 0.0308 (0.782) 3.5
32 0.0431 (1.09) 0.0411 (1.04) 3
48 0.0646 (1.64) 0.0621 (1.58) 2

A Based on a density of 0.322 lb/in.3 (8.91 g/cm3).
B Lot-weight tolerances are the permissible deviation from the theoretical weight

of the number of sheets comprising a case or crate (normally approximately 1000
lb or 450 kg).
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12.1.2 Weight:
12.1.2.1 Weight tolerances shall be as specified in Table 1.
12.1.3 Width:
12.1.3.1Tolerances for Slit Metal—Table 3.
12.1.3.2Tolerance for Square-Sheared Metal—Table 4.
12.1.4 Length.
12.1.4.1Tolerances for Specific and Stock—Table 5.
12.1.4.2Tolerances for Square-Sheared Metal—Table 6.
12.1.5 Straightness.
12.1.5.1Tolerances or Slit Metal—Table 7.
12.1.5.2Tolerances for Square-Sheared Metal—Table 8.

13. Sampling

13.1 Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows.

13.1.1 Lot Size—An inspection lot shall be 10 000 lb (4540
kg) or less of product of the same mill form, alloy, temper, and
nominal dimensions, subject to inspection at one time, or shall
be the product of one cast bar from a single melt charge whose
weight shall not exceed 25 000 lb (11 340 kg) that has been
processed continuously and subject to inspection at one time.

13.1.2 Portion Size— A portion shall be four or more pieces
selected as to be representative of the lot. When the lot consist
of less than four pieces, representative samples shall be taken
from each piece.

13.2 Chemical Analysis:
13.2.1 The sample for chemical analysis shall be taken from

the pieces selected and combined into one composite sample in
accordance with Practice E 255 for product in its final form.
The minimum weight of the composite sample shall be 150 g.

13.2.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of taking
samples at the time the castings are poured or by taking
samples from the semifinished product.

13.2.2.1 When composition of the material has been deter-
mined during the course of manufacture, sampling of the
finished product by the manufacturer is not required.

13.2.3 The number of samples to be taken for determination
of chemical composition shall be as follows.

13.2.3.1 When sampled at the time the castings are poured,
at least one sample shall be taken for each group of castings
poured from the same source of molten metal.

13.2.3.2 When sampled from the semifinished product, at
least one sample shall be taken to represent each 10 000 lb, or
fraction thereof, except that not more than one sample shall be
required per piece.

13.2.3.3 Only one sample need be taken from the semifin-
ished product of one cast bar from a single furnace melt charge
continuously processed.

13.3 Samples for All Other Tests:

TABLE 2 Mechanical Properties

Temper Designation Tensile Strength, ksiA (MPa) Yield Strength, at
0.5 % Extension Under
Load, min ksiA (MPa)

Approximate Rockwell HardnessB (For
Information Only)

Scale

Standard Former Min Max F Superficial 30 T

O60 soft 30 (205) 38 (260) . . . up to 65 up to 31
H00 cold-rolled 32 (220) 40 (275) 20 (135) 54–82 15–49
H01 cold-rolled, high yield 34 (235) 42 (290) 28 (190) 60–84 18–51
H02 half hard 37 (255) 46 (315) 30 (205) 77–89 43–57
H03 three-quarter hard 41 (285) 50 (345) 32 (220) 82–91 47–59
H04 hard 43 (295) 52 (360) 35 (240) 86–93 54–62

A ksi = 1000 psi.
B Rockwell hardness values apply as follows: The F scale applies to metal 0.020 in. (0.508 mm) and over in thickness; the superficial 30T scale applies to metal 0.012

in. (0.305 mm) to 0.020 in. (0.508 mm) in thickness.

TABLE 3 Width Tolerances for Slit Metal

Width, in. (mm)
Width Tolerances, Plus and

Minus, in. (mm)
Up to 24 (610), incl 1⁄64 (0.40)
Over 24 to 36 (610 to 914), incl 3⁄64 (1.2)

TABLE 4 Width Tolerances for Square-Sheared Metal

Width, in. (mm)
Width Tolerances, Plus and

Minus, in. (mm)

Up to 24 (610), incl 1⁄32 (0.79)
Over 24 to 36 (610 to 914), incl 3⁄64 (1.2)
Over 36 (914) 1⁄16 (1.6)

TABLE 5 Length Tolerances for Specific and Stock Lengths

Length, in. (m)
Length Tolerance (Applicable Only to

Full-Length Pieces), in. (mm)
Specific lengths 120 (3) and under 1⁄4 (6.4) (all plus)

TABLE 6 Length Tolerances for Square-Sheared Metal

Length, in. (m)
Length Tolerance Plus and Minus,

in. (mm)
Over 36 to 120 (0.9 to 3), incl 1⁄16 (2)

TABLE 7 Straightness Tolerances for Slit Metal

NOTE 1—Maximum edgewise curvature (depth of arc) in any 72-in.
(1.83-m) portion of the total length.

Width, in. (mm) Straightness Tolerance, in. (mm)
Over 4 to 24 (102 to 610), incl 1⁄2 (13)

TABLE 8 Straightness Tolerances for Square-Sheared Metal

NOTE 1—Maximum edgewise curvature (depth of arc) in any 72-in.
(1.83-m) portion of the total length (not applicable to metal over 120 in.
(3.05 m) in length.

Straightness Tolerances, in. (mm)
Up to 10 in. (254 mm.) Incl,

in Width
Over 10 in. (254 mm)

in Width
All thicknesses 1⁄16 (1.6) 1⁄32 (0.79)
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13.3.1 Samples for all other tests shall be taken from the
sample portions of 13.1.2 and be of a convenient size to
accommodate the test and comply with the requirements of this
specification.

14. Number of Test and Retests

14.1 Tests:
14.1.1 Chemical Analysis—Composition shall be deter-

mined as the mean of results from at least two replicate
analyses of the sample and the results of each replication shall
meet the requirements of this specification.

14.1.2 Mechanical Properties Tests—Tensile strength for
temper O60 and tensile strength and yield strength for all other
tempers shall be reported as the results obtained from speci-
mens prepared from a sample piece and the results must meet
the requirements of this specification.

14.2 Retests:
14.2.1 When requested by the manufacturer or supplier, a

retest shall be permitted when test results obtained by the
purchaser fail to conform with specification requirements.

14.2.2 Retesting shall be as directed in this specification for
the initial test(s) except that the number of test specimens shall
be twice that required for the initial test.

14.2.3 Test results for all specimens shall conform to the
requirements of this specification in retest and failure to
conform shall be cause for lot rejection.

15. Specimen Preparation

15.1 Chemical Analysis
15.1.1 Preparation of the analytical specimen shall be the

responsibility of the reporting laboratory.
15.2 Grain Recrystalization—The test specimen shall be

prepared in accordance with Practice E 3.
15.3 Mechanical Properties Tests:
15.3.1 The test specimen shall conform to the requirements

prescribed for the specific product described in the Test
Specimen section of Test Methods E 8.

15.3.1.1 The test specimen shall be taken so that the
longitudinal axis is parallel to the direction of rolling.

16. Test Methods

16.1 Chemical Composition:
16.1.1 Chemical composition shall be determined, in case of

disagreement, in accordance with Test Methods E 478.

16.1.2 Test method(s) used for the determination of ele-
ment(s) required by contractual or purchase order agreement
shall be as agreed upon between the manufacturer and the
purchaser.

16.2 Grain Recrystalization—Recrystalization shall be de-
termined in accordance with Test Methods E 112.

16.3 Mechanical Requirements:
16.3.1 Tensile Strength— Tensile strength shall be deter-

mined in accordance with Test Methods E 8.
16.3.2 Yield Strength— Yield strength shall be determined

at 0.5 % extension-underload of Test Methods E 8.
16.3.3 Test results are not seriously affected by variations in

speed or testing. A considerable range of testing speed is
permitted; however, the rate of stressing to the yield strength
shall not exceed 100 ksi/min. Above the yield strength the
movement per minute of the testing machine head under load
shall not exceed 0.5 in./in. (0.5 mm/mm) of gage length (or
distance between grips for full section specimens).

17. Rejection and Rehearing

17.1 Rejection:
17.1.1 Material that fails to conform to the requirements of

this specification when inspected or tested by the purchaser, or
purchaser’s agent, is subject to rejection.

17.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly and in writing.

17.1.3 The manufacturer, or supplier, shall make claim for a
rehearing when dissatisfied with test results upon which
rejection was based.

17.2 Rehearing:
17.2.1 As a result of product rejection, the manufacturer or

supplier can make claim for a retest to be conducted by the
manufacturer, or supplier, and the purchaser.

17.2.2 Samples of the rejected product will be taken in
accordance with this specification and tested by both parties
using the test method(s) specified in this specification, or,
alternatively, upon agreement of both parties, an independent
laboratory shall be selected for the test(s) using the specified
test methods.

18. Keywords

18.1 building construction; copper sheet; copper strip;
downspouts; flashing; gutters; roofing; sheet/strip in flat
lengths/coils for building construction
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 370 – 98)
that may impact the use of this standard. (Approved Oct. 1, 2003.)

(1) Replaced permissive language with mandatory language in
7.1, 16.3.3, and 17.1.1.
(2) Deleted one definition in Section 4 that duplicated Termi-
nology B 846.
(3) Clarified reference equivalents in 4.1.5 and 4.1.6 with Note
2.

(4) Added Notes 4 and 5 to clarify and cross-reference old
terminology with Classification B 601.

(5) Added reference metric equivalents in 13.1.1 and 16.3.3.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 371/B 371M – 02

Standard Specification for
Copper-Zinc-Silicon Alloy Rod 1

This standard is issued under the fixed designation B 371/B 371M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for
copper-zinc-silicon alloy rod produced in Copper Alloy UNS
Nos. C69400, C69430, C69700, and C69710.

1.1.1 If the purchaser does not specify the alloy to be
supplied, product is permitted to be furnished in any of the
alloys named in 1.1.

1.2 Units—The values stated in either inch-pound units or
in SI units are to be regarded as standard. Within the text, the
SI units are shown in brackets. The values stated in each
system may not be exact equivalents; therefore, each system
shall be used independently of the other. Combining values
from the two systems may result in nonconformance with the
standard.

1.3 The following safety hazard caveat pertains only to 9.1
of this specification.This standard does not purport to address
all of the safety concerns, if any, associated with its use. It is
the responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory requirements prior to use.
(Warning—Mercury is a definite health hazard in use and
disposal.)

2. Referenced Documents

2.1 ASTM Standards:
B 154 Test Method for Mercurous Nitrate Test for Copper

and Copper Alloys2

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper Alloy Rod, Bar, Shapes and
Forgings2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials (Metric)3

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes4

E 62 Test Methods for Chemical Analysis of Copper Alloys
(Photometric Methods)4

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

3. General Requirements

3.1 The following sections of Specification B 249/B 249M
constitutes a part of this specification:

3.1.1 Terminology,
3.1.2 Workmanship, Finish, and Appearance,
3.1.3 Sampling,
3.1.4 Number of Tests and Retests,
3.1.5 Specimen Preparation,
3.1.6 Test Methods,
3.1.7 Significance of Numerical Limits,
3.1.8 Inspection,
3.1.9 Rejection and Rehearing,
3.1.10 Certification,
3.1.11 Test Report,
3.1.12 Packaging and Package Marking, and
3.1.13 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements which supplement those appearing in
Specification B 249/B 249M.

4. Ordering Information

4.1 Orders for product under this specification shall include
the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Copper alloy UNS No. designation,
4.1.3 Form—Cross section such as round, hexagon, and so

forth,
4.1.4 Dimensions—Diameter or distance between parallel

surfaces,
4.1.5 Length, nominal,

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes and Forgings.

Current edition approved Apr. 10, 2002. Published June 2002. Originally
published as B 371 – 61. Last previous edition B 371 – 96.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01. 4 Annual Book of ASTM Standards, Vol 03.05.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.6 Quantity—Total weight, footage, or number of pieces,
and

4.1.7 When product is purchased for agencies of the U.S.
Government.

4.2 The following requirements are optional and shall be
included in the contract or purchase order when required:

4.2.1 Mercurous nitrate test,
4.2.2 Certification (Specification B 249/B 249M), and
4.2.3 Mill test report (Specification B 249/B 249M).

5. Material and Manufacture

5.1 Material:
5.1.1 The material of manufacture shall be cast billets, logs,

or rods of Copper Alloy UNS Nos. C69400, C69430, C69700,
or C69710 of such soundness and structure as to make them
suitable for processing into the desired product.

5.2 Manufacture:
5.2.1 The product shall be manufactured by hot extrusion

and finished by such cold working, annealing, and straighten-
ing as may be necessary to achieve the required properties.

6. Chemical Composition

6.1 The material shall conform to the chemical composi-
tional requirements specified in Table 1 for the Copper Alloy
UNS No. designated in the ordering information.

6.1.1 These composition limits do not preclude the presence
of other elements. Limits shall be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

6.2 For copper alloys in which zinc is specified as the
remainder, either copper or zinc is permitted to be taken as the
difference between the sum of results for all elements analyzed
and 100 %. When copper is so determined, that difference
value shall conform to the requirements given in Table 1.

6.3 When all elements specified in Table 1 for the copper
alloy designated in the ordering information are determined,
the sum of results shall be 99.5 % minimum.

7. Temper

7.1 The standard temper for products under this specifica-
tion is H04 (Hard).

8. Mechanical Property Requirements

8.1 Tensile Requirements:

8.1.1 The product shall conform to the tensile requirements
prescribed in Table 2 for the size and alloy designated in the
ordering information when tested in accordance with Test
Methods E 8 or E 8M.

9. Performance Requirements

9.1 Mercurous Nitrate Test:
9.1.1 When specified in the contract or purchase order, the

product shall be tested in accordance with Test Method B 154,
and show no signs of cracking.

10. Other Requirements

10.1 Purchases for the U.S. Government:
10.1.1 Product purchased for agencies of the U.S. Govern-

ment shall conform to the additional requirements prescribed in
the Supplementary Requirements section of Specification
B 249/B 249M.

11. Dimensions and Permissible Variations

11.1 The dimensions and tolerances for product furnished to
this specification shall be as specified in the following tables
and related paragraphs in Specification B 249/B 249M:

11.1.1 Diameter or Distance Between Parallel Surfaces—
Refer to Table, Tolerance for Diameter of Cold-Drawn Rod.

11.1.2 Length—Refer to Table, Length Tolerances for Rod,
Bar, and Shapes and Table, Schedule of Lengths with Ends for
Rod and Bar.

11.1.3 Straightness—Refer to Table, Straightness Toler-
ances for Rod, Bar, and Shapes.

12. Test Methods

12.1 Chemical composition, in case of disagreement, shall
be determined as follows:

Element ASTM Test Methods

Antimony E 62
Arsenic E 62
Copper E 478
Iron E 478
Lead E 478, atomic absorption
Manganese E 62
Phosphorous E 62
Silicon E 54
Zinc E 478, Titrametric

TABLE 1 Chemical Requirements

Element

Composition, %

Copper Alloy UNS No.

C69400 C69430 C69700 C69710

min max min max min max min max

CopperA 80.0 83.0 80.0 83.0 75.0 80.0 75.0 80.0
Silicon 3.5 4.5 3.5 4.5 2.5 3.5 2.5 3.5
Lead ... 0.30 ... 0.30 0.50 1.5 0.50 1.5
Iron ... 0.20 ... 0.20 ... 0.20 ... 0.20
Manganese ... ... ... ... ... 0.40 ... 0.40
Arsenic ... ... 0.03 0.06 ... ... 0.03 0.06
Antimony ... ... ... ... ... ... ... ...
Phosphorus ... ... ... ... ... ... ... ...

Zinc remainder remainder remainder remainder
A Includes Silver.
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12.2 The test method(s) to be followed for the determination
of element(s) resulting from contractual or purchase order
agreement shall be as agreed upon between the supplier and the
purchaser.

13. Keywords

13.1 copper-zinc-silicon rod; C69400; C69430; C69700;
C69710

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 371-96)
that may impact the use of this standard.

(1) Revised as a combined specification with inch-pound and
SI units.
(2) Added a Temper section and established the standard

temper as H04, Hard.

(3) Made editorial clarifications.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 2 Tensile Requirements

Diameter or Distance Between
Parallel Surfaces, in. [mm]

Tensile Strength, min
Yield Strength at 0.5 % Extension

Under Load, min
Elongation in 43

Diameter or Thick-
ness of Specimen,

min,%ATemper H04 Hard ksi MPa ksi MPa

Copper Alloy UNS Nos. C69400, C69430:
Up to 1 [25], incl
Over 1 [25] to 2 [50], incl

80
75

550
515

40
35

250
240

15
15

Over 2 [50] 65 450 35 240 15
Copper Alloy UNS Nos. C69700, C69710:

Up to 1 [25], incl
Over 1 [25]

65
55

450
380

32
28

220
195

20
25

A In any case, a minimum gage length of 1 in. [25 mm] shall be used.
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Designation: B 372 – 97 (Reapproved 2003)

Standard Specification for
Seamless Copper and Copper-Alloy Rectangular Waveguide
Tube1

This standard is issued under the fixed designation B 372; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers seamless copper and copper-
alloy rectangular tube intended for use as transmission lines in
electronic equipment. Four types of material are specified
having the following nominal compositions:2

Copper or
Copper Alloy

UNS2 No.
Previously

Used Designation

Nominal Composition, %

Copper Zinc
Phos-
phorus

C10200 Copper, Type OFA 100 ... ...
C10300 ... 99.99 ... 0.003
C12000 Copper, Type DLPA 100 ... ...
C22000 Commercial

bronze, 90 %
90 10 ...

______________
A Types OF and DLP are described in Classification B 224.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:3

B 170 Specification for Oxygen-Free Electrolytic Copper
Refinery Shapes

B 193 Test Method for Resistivity of Electrical Conductor
Materials

B 224 Classification of Coppers
B 428 Test Method for Angle of Twist in Rectangular and

Square Copper and Copper Alloy Tube

B 577 Test Methods for Detection of Cuprous Oxide (Hy-
drogen Embrittlement Susceptibility) in Copper

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition

E 478 Test Methods for Chemical Analysis of Copper
Alloys

2.3 Other Standard:
ANSI B46.1 Surface Roughness, Waviness, and Lay4

3. Terminology

3.1 Definitions:
3.1.1 lengths—straight pieces of the product.
3.1.1.1 ends—straight pieces, shorter than the nominal

length, left over after cutting the product into mill lengths,
stock lengths or specific lengths. They are subject to minimum
length and maximum weight requirements.

3.1.1.2 specific—straight lengths that are uniform in length,
as specified, and subject to established length tolerances.

3.1.1.3 specific with ends—specific lengths, including ends.
3.1.1.4 stock—straight lengths that are mill cut and stored in

advance of orders. They are usually 12 ft (3.66 m) and subject
to established length tolerances.

3.1.1.5 stock with ends—stock lengths, including ends.
3.1.2 tube—a hollow product of round or any other cross

section having a continuous periphery.
3.1.2.1 tube, waveguide—a tube used as transmission line to

electronic equipment.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 1, 2003. Published November 2003. Originally
approved in 1961. Last previous edition approved in 1997 as B 372 – 97.

2 The UNS system for copper and copper alloys is a simple expansion of the
former standard designation system accomplished by the addition of a prefix“ C”
and a suffix “00.” The suffix can be used to accommodate composition variations of
the base alloy.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.

1
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4.1.1 Material (Sections 1 and 6),
4.1.2 Outer and inner rectangular dimensions (Section 11),
4.1.3 Length (see 11.6),
4.1.4 Total length of each size,
4.1.5 Special packaging, if required (Section 19),
4.1.6 Embrittlement test, if required (Section 9),
4.1.7 Electrical resistivity test, if required (Section 10), and
4.1.8 Special finish, if required (see 12.2).

5. Materials and Manufacture

5.1 The material shall be of such quality and purity that the
finished product shall have the properties and characteristics
prescribed in this specification, and shall be cold drawn to size.

5.2 The copper will normally be of the types given in Table
1, but may be of such other types as may be agreed upon
between the manufacturer or supplier, and the purchaser.

5.3 The copper and copper-alloy tubes shall be finished by
such cold-working and annealing operations as are necessary to
meet the required properties.

6. Chemical Composition

6.1 The material shall conform to the chemical requirements
specified in Table 1.

6.2 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser.

6.3 For copper alloys in which zinc is specified as the
remainder, either copper or zinc may be taken as the difference
between the sum of all the elements analyzed and 100 %.

6.3.1 Alloy C22000—When all the elements in Table 1 are
analyzed, their sum shall be 99.8 % minimum.

7. Rockwell Hardness

7.1 The material shall conform to the Rockwell hardness
requirements prescribed in Table 2.

8. Microscopical Examination

8.1 The test specimens of Copper UNS Nos. C10200,
C10300, and C12000 shall be free of cuprous oxide as
determined by Procedure A of Test Methods B 577. In case of
a dispute, a referee method in accordance with Procedure C
shall be employed.

9. Embrittlement Test

9.1 It is to be expected that samples of Copper UNS Nos.
C10200, C10300, and C12000 covered by this specification
shall be capable of passing the embrittlement test of Procedure
B of Test Methods B 577. The actual performance of this test
is not mandatory under the terms of this specification unless
definitely specified in the ordering information. In case of a
dispute, a referee method in accordance with Procedure C shall
be employed.

10. Electrical Resistivity

10.1 It is to be expected that samples of Copper UNS Nos.
C10200, C10300, and C12000 covered by this specification
will conform to the following electrical resistivity require-
ments, although actual determination of this property is not
mandatory under the terms of this specification unless defi-
nitely specified. The electrical resistivity of representative
samples of Copper UNS No. C10200 shall not exceed 0.15737
V·g/m2 and Copper UNS No. C10300 shall not exceed 0.15940
V·g/m2 and Copper UNS No. C12000 shall not exceed 0.17418
V·g/m2 when tested at 68°F (20°C).

NOTE 1—The International Annealed Copper Standard electrical con-
ductivity equivalents are as follows:

Electrical Resisitivity,
V·g/m2

Conductivity,
%

0.15176 101.00
0.15328 100.00
0.15614 98.16
0.15737 97.40
0.15940 96.16
0.17031 90
0.17418 88

11. Dimensions and Permissible Variations

11.1 General:
11.1.1 The standard method of specifying, ordering, and

measuring rectangular waveguide tube shall be major by minor
outer dimension and major by minor inner dimension.

11.1.2 All cross-sectional measurements shall be made at
the corners at a point at least1⁄2 in. (12.7 mm) from the ends.

11.1.3 For the purpose of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the specified limiting values for any
dimension may be cause for rejection.

11.2 Dimensional Tolerances:
11.2.1 Standard dimensions and tolerances of waveguide

tube shall be as specified in Table 3.
11.2.2 Other dimensions and tolerances shall be subject to

agreement between the manufacturer or supplier and the
purchaser.

TABLE 1 Chemical Requirements

Element

Composition, %

Copper UNS Nos. Copper
Alloy

UNS No.
C22000C10200A C10300 C12000

CopperB 99.95 min ... 99.90 min 89.0–91.0
Copper,B + phos- ... 99.95 ... ...

phorus, min
Phosphorus ... 0.001–0.005 0.004–0.012 ...
Zinc ... ... ... remainder
Lead, max ... ... ... 0.05
Iron, max ... ... ... 0.05

A Oxygen in C10200 shall be 10 ppm max.
B Silver counting as copper.

TABLE 2 Hardness Requirements

Copper or Copper Alloy UNS No.
Rockwell Hardness,

30T ScaleA

C10200 30 min
C10300 30 min
C12000 30 min
C22000 43 to 66

A The tube shall be split along the center line of its narrow side, and Rockwell
hardness readings then taken on its inner surface.

B 372 – 97 (2003)
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11.3 Corner Radii—Outer corner radii shall be 0.015 in.
(0.381 mm) min and 0.032 in. (0.813 mm) max. Maximum
inner corner radii shall be as specified in Table 4.

11.4 Eccentricity—The maximum allowable eccentricity,
defined as one-half the difference between the maximum and
minimum opposite wall thicknesses as measured at any cross
section perpendicular to the longitudinal axis, shall be in
accordance with Table 5.

11.5 Rectangularity—The adjoining faces of the tube shall
be as square in relation to each other as the best mill practice
will permit.

11.6 Length—Unless otherwise specified, waveguide tube
shall be furnished in 12-ft (3.66-m) standard (stock) straight
lengths with ends. The shortest permissible length of the ends
shall not be less than 60 % of the nominal length (specific and
stock), and the maximum permissible weight of ends shall not
exceed 25 % of the lot weight. Waveguide tube, ordered to
specific or stock lengths, with or without ends, shall conform to
the tolerances prescribed in Table 6.

11.7 Squareness of Cut—The departure from the squareness
of the end of any tube shall not exceed 0.010 in. (0.25 mm) for
tube up to5⁄8-in. (15.9-mm) dimension, inclusive, across the

measured section, and 0.016 in./in. (0.41 mm/mm) of distance
between parallel surfaces for tube over5⁄8-in. dimension across
the measured section.

11.8 Straightness—The maximum curvature (depth of arc)
measured along any 2-ft (0.610-m) portion of the total length
shall not exceed 0.010 in. (0.25 mm) edgewise and 0.020 in.
(0.51 mm) flatwise on the concave external surfaces. The tube
shall be so positioned during measurement that gravity will not
tend to increase the amount of bow. The edgewise and flatwise
bow shall be determined by using a suitable straightedge.

11.9 Twist—The maximum twist about the longitudinal axis
of the finished tube shall not exceed 1°/ft of length on the face

TABLE 3 Dimensional Tolerances

Outer Dimensions, in. (mm) Inner Dimensions, in. (mm)

Nominal Wall
Thickness, in. (mm)Major

Dimensions
Minor

Dimensions

Tolerance,
plus and

minus

Major
Dimensions

Minor
Dimensions

Tolerance, plus and
minus

0.420 (10.7) 0.250 (6.35) 0.003 (0.076) 0.340 (8.64) 0.170 (4.32) 0.002 (0.051) 0.040 (1.02)
0.500 (12.7) 0.250 (6.35) 0.003 (0.076) 0.420 (10.7) 0.170 (4.32) 0.002 (0.051) 0.040 (1.02)

0.590 (15.0) 0.335 (8.51) 0.003 (0.076) 0.510 (13.0) 0.255 (6.48) 0.002 (0.051) 0.040 (1.02)
0.702 (17.8) 0.391 (9.93) 0.003 (0.076) 0.622 (15.8) 0.311 (7.90) 0.002 (0.051) 0.040 (1.02)

0.850 (21.6) 0.475 (12.1) 0.003 (0.076) 0.750 (19.0) 0.375 (9.52) 0.003 (0.076) 0.050 (1.27)
1.000 (25.4) 0.500 (12.7) 0.004 (0.10) 0.900 (22.9) 0.400 (10.2) 0.004 (0.010) 0.050 (1.27)

1.250 (31.8) 0.625 (15.9) 0.004 (0.10) 1.122 (28.5) 0.497 (12.6) 0.004 (0.10) 0.064 (1.63)
1.500 (38.1) 0.750 (19.0) 0.004 (0.10) 1.372 (34.8) 0.622 (15.8) 0.004 (0.10) 0.064 (1.63)

1.718 (43.6) 0.923 (23.4) 0.005 (0.13) 1.590 (40.4) 0.795 (20.2) 0.005 (0.13) 0.064 (1.63)
2.000 (50.8) 1.000 (25.4) 0.005 (0.13) 1.872 (47.5) 0.872 (22.1) 0.005 (0.13) 0.064 (1.63)

2.418 (61.4) 1.273 (32.3) 0.006 (0.15) 2.290 (58.2) 1.145 (29.1) 0.006 (0.15) 0.064 (1.63)
3.000 (76.2) 1.500 (38.1) 0.006 (0.15) 2.840 (72.1) 1.340 (34.0) 0.006 (0.15) 0.080 (2.03)

3.560 (90.4) 1.860 (47.2) 0.006 (0.15) 3.400 (86.4) 1.700 (43.2) 0.006 (0.15) 0.080 (2.03)
4.460 (113) 2.310 (58.7) 0.008 (0.20) 4.300 (109) 2.150 (54.6) 0.008 (0.20) 0.080 (2.03)

5.260 (134) 2.710 (68.8) 0.008 (0.20) 5.100 (130) 2.550 (64.8) 0.008 (0.20) 0.080 (2.03)
6.660 (169) 3.410 (86.6) 0.008 (0.20) 6.500 (165) 3.250 (82.6) 0.008 (0.20) 0.080 (2.03)

TABLE 4 Permissible Inner Corner Radii

Nominal Wall Thickness, in. (mm)
Permissible Inner

Corner Radii, max,
in. (mm)

0.040 (1.02) 0.016 (0.41)
0.050 (1.27) 0.032 (0.81)
0.064 (1.63) 0.032 (0.81)
0.080 (2.03) 0.047 (1.2)

TABLE 5 Eccentricity Tolerances

Specified Major Outer
Dimension, in. (mm)

Allowable
Eccentricity,A

max, in. (mm)

0.420 to 0.850 (10.7 to 21.6), excl 0.003 (0.08)
0.850 to 2.418 (21.6 to 61.4), excl 0.004 (0.10)
2.418 to 3.000 (61.4 to 76.2), excl 0.005 (0.13)
3.000 to 3.560 (76.2 to 90.4), excl 0.006 (0.15)
3.560 to 4.460 (90.4 to 113), excl 0.007 (0.18)
4.460 to 6.660 (113 to 169), incl 0.008 (0.20)

A Applicable only to those sizes of tubes shown in Table 3. See 11.2.2.

TABLE 6 Length Tolerances

Length, ft (m)
Tolerance,A

plus in. (mm)

Standard (stock) 1 (25)
Specific:

Up to 14 (4.27), incl 1⁄4 (6.4)
Over 14 (4.27) 1⁄2 (13)

A Applicable only to full-length pieces.
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of any surface, inside or outside. Determination of twist shall
be in accordance with Test Method B 428.

11.10 Surface Roughness—The average interior surface
roughness of the finished tube, in accordance with ANSI
B46.1, shall not exceed 32 µin. A.A.5 for tube up to 4 in. (102
mm) major ID and 64 µin. A.A.5 for tube whose major ID is 4
in. or over.

12. Workmanship, Finish, and Appearance

12.1 The material shall be free of defects of a nature that
interfere with normal commercial applications. The finished
tube shall be uniform in composition and wall thickness,
straight and smooth from end to end, and shall be free of
internal or external mechanical imperfections in accordance
with good commercial practice. In addition, the interior surface
of the tube shall be free of burrs, plug marks, chatter marks,
dirt, grease, scale, and splinters. Scratches not more than
0.001-in. (0.025-mm) deep, as measured metallographically,
will be permitted in the longitudinal direction of the interior
surfaces for tubes 0.622 in. (15.8 mm) by 0.311 in. (7.90 mm)
and larger. For tubes smaller than 0.622 by 0.311 in., the depth
of scratches on interior surfaces shall not exceed 0.12 % of the
width.

12.2 Unless otherwise specified, the interior and exterior
surfaces of the finished tube shall be bright, dry, and free of
scale or oxides.

13. Sampling

13.1 Sampling—The lot size, portion size, and selection of
pieces shall be as follows:

13.1.1 Lot Size—The lot size shall be 5000 lb (2270 kg) or
fraction thereof.

13.1.2 Portion Size—Sample pieces for purpose of tests
shall be taken from each lot according to the following
schedule:
Number of Pieces in Lot Number of Sample Pieces to be Taken
1 to 50 1
51 to 200 2
201 to 1500 3
Over 1500 0.2 % of total number of pieces in the lot, but

not over 10 samples.

14. Number of Tests and Retests

14.1 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
millings, and so forth, shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 13.1.2 and combined into one composite sample. The
minimum weight of the composite sample that is to be divided
into three equal parts shall be 150 g.

14.1.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semi-finished product. If the manufacturer
determines the chemical composition of the material during the

course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

14.1.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

14.1.1.2 When samples are taken from the semi-finished
product, a sample shall be taken to represent each 10 000 lb
(4550 kg) or fraction thereof, except that not more than one
sample shall be required per piece.

14.1.1.3 Due to the discontinuous nature of the processing
of castings into wrought products, it is not practical to identify
specific casting analysis with a specific quantity of finished
material.

14.1.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

14.2 Number of Tests—Sample pieces selected for purpose
of tests in accordance with 13.1 shall be subjected to the
following tests.

14.2.1 A specimen from each sample piece shall be sub-
jected to the Rockwell hardness test (see 15.1). The value for
the Rockwell hardness number of each specimen shall be
established by taking the arithmetical average of at least three
readings.

14.2.2 In the case of Copper UNS Nos. C10200, C10300,
and C12000, a specimen from each sample piece shall be
submitted to microscopical examination as specified in Section
8, to the embrittlement test, if specified, as prescribed in
Section 9; and also for determination of electrical resistivity, if
specified, as prescribed in Section 10.

14.3 Retests:
14.3.1 If any test specimen shows defective machining or

develops flaws, it may be discarded and another specimen
substituted.

14.3.2 If the results of the test on one of the specimens fail
to meet the specified requirements, two additional specimens
shall be taken from different sample pieces and tested. The
results of the tests on both of these specimens shall meet the
specified requirements. Failure of more than one specimen to
meet the specified requirements for a particular property shall
be cause for rejection of the entire lot.

14.3.3 If the chemical analysis fails to conform to the
specified limits, analysis shall be made on a new composite
sample prepared from additional pieces selected in accordance
with 13.1. The results of this retest shall comply with the
specified requirements.

15. Test Methods

15.1 The properties enumerated in this specification shall, in
the case of disagreement, be determined in accordance with the
following applicable methods:

Test ASTM Designation
Chemical analysis B 170,A E 53, E 62, E 478
Rockwell hardness E 18
Electrical resistivity B 193

A Reference to Specification B 170 is to the suggested chemical methods in the
annex thereof. When Committee E01 has tested and published methods for5 The symbol “A.A.” stands for arithmetic average.
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assaying the low-level impurities in copper, the Specification B 170 annex will be
eliminated.

16. Significance of Numerical Limits

16.1 For purposes of determining compliance with the
specified limits for requirements of chemical composition,
hardness, and electrical resistivity, an observed value or a
calculated value shall be rounded to the nearest unit in the last
right-hand place of the figures of the specified limit in
accordance with the rounding method of Practice E 29.

17. Inspection

17.1 The manufacturer shall afford the inspector represent-
ing the purchaser all reasonable facilities to satisfy him that the
material is being furnished in accordance with the specified
requirements.

18. Rejection and Rehearing

18.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the manufacturer or supplier promptly and in writing. In case
of dissatisfaction with the results of the test, the manufacturer
or supplier may make claim for a rehearing.

19. Packaging and Package Marking

19.1 The material shall be separated by size, compositio-
n,and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

19.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, shape, gross and net weight, and name of supplier. The
specification number shall be shown, when specified.

APPENDIXES

(Nonmandatory Information)

X1. CROSS INDEX OF WAVEGUIDE DESIGNATIONS

X1.1 This Appendix gives the ASESAB and EIAA designa-
tions for those sizes of waveguide tube covered herein.These
data are given in Table X1.1 for information purposes only.

TABLE X1.1 Waveguide Designations

Outer Dimensions, in. Inner Dimensions, in. Reference Designations

Major Minor Major Minor EIAA ASESAB

0.420 0.250 0.340 0.170 WR34 RG-354/U
0.500 0.250 0.420 0.170 WR42 RG-53/U
0.590 0.335 0.510 0.255 WR51 RG-352/U
0.702 0.391 0.622 0.311 WR62 RG-91/U
0.850 0.475 0.750 0.375 WR75 RG-346/U
1.000 0.500 0.900 0.400 WR90 RG-52/U
1.250 0.625 1.122 0.497 WR112 RG-51/U
1.500 0.750 1.372 0.622 WR137 RG-50/U
1.718 0.923 1.590 0.795 WR159 RG-343/U
2.000 1.000 1.872 0.872 WR187 RG-49/U
2.418 1.273 2.290 1.145 WR229 RG-340/U
3.000 1.500 2.840 1.340 WR284 RG-48/U
3.560 1.860 3.400 1.700 WR340 RG-112/U
4.460 2.310 4.300 2.150 WR430 RG-104/U
5.260 2.710 5.100 2.550 WR510 RG-337/U
6.660 3.410 6.500 3.250 WR650 RG-69/U

A Electronic Industries Association.
B Armed Services Electro-Standards Agency.
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X2. METRIC EQUIVALENTS

X2.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference of Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 379 – 04

Standard Specification for
Phosphorized Coppers—Refinery Shapes 1

This standard is issued under the fixed designation B 379; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification establishes the requirements for phos-
phorized copper wire bars, billets, and cakes.

NOTE 1—Wire bars furnished under this specification do not conform in
dimensions with that furnished under Specification B 5.

1.2 The values in inch-pound units are the standard. SI
values given in parentheses are for information only.

1.3 The following hazard caveat applies to 14.2 and 14.3 of
this specification:This standard does not purport to address all
of the safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 5 Specification for High Conductivity Tough-Pitch Cop-
per Refinery Shapes

B 193 Test Method for Resistivity of Electrical Conductor
Materials

B 224 Classification of Coppers
B 577 Test Methods for Detection of Cuprous Oxide (Hy-

drogen Embrittlement Susceptibility) in Copper
B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 53 Test Methods for Determination of Copper in Unal-

loyed Copper by Gravimetry
E 62 Test Methods for Chemical Analysis of Copper and

Copper Alloys (Photometric Methods)
E 255 Practice for Sampling Copper and Copper Alloys for

Determination of Chemical Composition

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 billet—refinery shape used for piercing or extrusion

into tubular products or for extrusion into rod, bars, and shapes.
Circular in cross section, usually 3 to 16 in. (76 to 406 mm) in
diameter, normally ranging in weight from 100 to 4200 lb (45
to 1905 kg).

3.2.2 cake—refinery shape used for rolling into plate, sheet,
strip, or shape. Rectangular in cross section and of various
sizes, normally ranging in weight from 140 to 62 000 lb (64 to
28 123 kg).

3.2.3 capable of—possessing the required properties or
characteristics, or both, necessary to conform to specification
requirements when subjected to specified test(s).

3.2.4 copper, electrolytic—copper of any origin refined by
electrolytic deposition including electrowinning. When used
alone, this term usually refers to electrolytic tough pitch
copper.

3.2.5 copper, fire-refined—copper of any origin or type
finished by furnace refining without having been processed at
any stage by electrolytic or chemical refining. When used
alone, the term usually refers to fire refined tough pitch copper.

3.2.6 copper, oxygen-free—electrolytic copper produced
without the use of metallic or metalloidal deoxidizers, free of
cuprous oxide as determined by metallographic examination at
753 under polarized light.

3.2.7 wire bar—refinery shape used for rolling into rod or
flat products for subsequent processing into wire, strip, or
shape. Approximately 31⁄2 to 5 in. (89 to 127 mm) square in
cross section, usually 54 in. (1372 mm) in length and ranging
in weight from 200 to 420 lb (91 to 191 kg). Usually tapered
at both ends.

4. Ordering Information

4.1 Contracts or purchase orders for product under this
specification should include the following information:

4.1.1 ASTM designation and year of issue (for example,
B 379 – XX),

4.1.2 Copper UNS Number (for example, C10800),
4.1.3 Shape required: wire bar, billet or cake,
4.1.3.1 Billet end type,

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.07 on
Refined Copper.

Current edition approved May 1, 2004. Published June 2004. Originally
approved in 1962. Last previous edition approved in 1999 as B 379 – 99.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.4 Dimensions and tolerances (Section 10), and
4.1.5 Quantity; total weight or number of pieces for each

shape, size, and Copper UNS No. designation.
4.2 The following are optional and should be specified in

the contract or purchase order when required:
4.2.1 Hydrogen embrittlement test (Section 8),
4.2.2 Certification (Section 19), and
4.2.3 Test report (Section 20).

5. Materials and Manufacture

5.1 Material:
5.1.1 The product furnished shall be produced from one of

the following coppers as specified in the contract or purchase
order:
UNS Nos. Former3 Description
C10300 OFXLP Oxygen-free, extra low phosphorus
C10800 OFLP Oxygen-free, low phosphorus
C12000 DLP Phosphorus deoxidized, low residual

phosphorus
C12200 DHP Phosphorus deoxidized, high residual

phosphorus
C14200 DPA Phosphorus deoxidized, arsenical

5.2 Manufacture:
5.2.1 Billets—Unless specified otherwise, product up to and

including 4 in. (102 mm) in diameter may be supplied sheared
on one end with the other end flat. Billets over 4 in. in diameter
shall be supplied with both ends flat. Billets shall not be cupped
except by specific agreement between the manufacturer or
supplier and the purchaser at the time of purchase and the
agreement shall be part of the contract or purchase order.

6. Chemical Composition

6.1 The product material shall conform to the requirements
prescribed in Table 1 for the specified copper.

6.1.1 These specification limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer, or supplier, and the purchaser.

7. Physical Property Requirements

7.1 Electrical Resistivity:
7.1.1 The maximum mass resistivity for Copper UNS No.

C10300, in the annealed condition, shall be 0.15614 ohms ·
g/m

2

(conductivity 98.16 %, minimum, International Annealed
Copper Standard (IACS)) at 68°F (20°C).

7.1.2 The maximum mass resistivity for Copper UNS Nos.
C10800 and C12000, in the annealed condition, shall be
0.17081 ohm · g/m2(conductivity 90 %, minimum, Interna-
tional Annealed Copper Standard (IACS)) at 68°F (20°C).

8. Performance Requirements

8.1 Reverse Bend Test (Hydrogen Embrittlement Suscepti-
bility):

8.1.1 When specified in the contract or purchase order,
specimens of product produced of coppers UNS Nos. C10300,
C10800, and C12000 shall be capable of withstanding a
minimum of four bends without fracturing when tested in
accordance with Test Method D of Test Methods B 577.

9. Microscopical Examination

9.1 Coppers UNS Nos. C10300, C10800, and C12000 shall
be essentially free of cuprous oxide as determined by exami-
nation in accordance with Test Method A of Test Methods
B 577.

10. Dimensions, Mass, and Permissible Variations

10.1 Wire Bars:
10.1.1 The manufacturer or supplier should be consulted for

dimensions and shapes available.
10.2 Billets:
10.2.1 A variation of65 % in weight and/or61⁄16 in. (62

mm) in diameter from the manufacturer’s published list or the
purchaser’s specified size shall be considered good delivery for
billets up to 6 in. (152 mm) in diameter.

10.2.2 A variation of −1⁄8 in. (−3 mm) to +1⁄16 in. (+2 mm)
in diameter and62 % in length shall be permitted for billets 6
in. (152 mm) and over in diameter.

10.2.3 Deviation from straightness shall not exceed1⁄4 in. (6
mm) in 4 ft (1219 mm) as measured at the center of the billet.

10.2.4 Special diameter tolerances are subject to agreement
between the manufacturer or supplier and the purchaser.

10.3 Cakes:
10.3.1 A variation up to 5 % in weight or1⁄4 in. (6 mm) in

any dimension shall be permitted for dimensions up to 8 in.
(203 mm). A variation of 3 % in size shall be permitted for
dimensions greater than 8 in. (203 mm).

11. Workmanship, Finish and Appearance

11.1 The product shall be free from defects; however,
blemishes of a nature that do not interfere with the intended
application are acceptable. The product shall be well cleaned
and free from dirt.3 Refer to Table X1.1 of Classification B 224 for former copper designations.

TABLE 1 Chemical Requirements

Copper UNS No. Type

Composition, %

Copper (Including
Silver), min

Phosphorus Arsenic

min max min max

C10300 OFXLP 99.95A 0.001 0.005 . . . . . .
C10800 OFLP 99.95A 0.005 0.012 . . . . . .
C12000 DLP 99.90 0.004 0.012 . . . . . .
C12200 DHP 99.9 0.015 0.040 . . . . . .
C14200 DPA 99.4B 0.015 0.040 0.15 0.50

A Includes phosphorus.
B Copper (including phosphorus and arsenic) = 99.9 % min.
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12. Sampling

12.1 The lot size, portion size, and selection of sample
pieces shall be as follows:

12.1.1 Lot Size—An inspection lot shall consist of all pieces
in a shipment produced during a single production period.

12.1.2 Portion Size— One piece shall be randomly selected
from each 25 000 lb (11 340 kg) or fraction thereof.

12.2 Chemical Composition:
12.2.1 The sample for chemical analysis shall be taken in

accordance with Practice E 255 from the piece(s) selected in
12.1.2. The minimum weight of the composite sample shall be
1⁄3 lb (150 g).

12.2.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
composition from samples taken at the time the castings are
poured or from samples taken from semifinished product.
When the manufacturer determines chemical composition
during the course of manufacture, sampling of the finished
product by the manufacturer is not required. The number of
samples to be taken for the determination of chemical compo-
sition shall be as follows:

12.2.2.1 When castings are poured, at least two samples
shall be taken, one at the beginning of the pour and one at the
end of the pour, for each group of castings poured from the
same source of molten metal.

12.2.2.2 When taken from semi-finished product, at least
two samples shall be taken, each from a different piece, to
represent each 20 000 lb (9072 kg), or fraction thereof, except
that not more than one sample shall be required per product
piece.

12.3 Samples for All Other Tests:
12.3.1 Specimens for all other tests shall be taken from the

sample portion selected in 12.1.2 and be of a convenient size to
accommodate the tests.

13. Number of Tests and Retests

13.1 Tests:
13.1.1 Chemical Analysis—Chemical composition shall be

determined as the per element mean of results from at least two
replicate analyses of the sample(s).

13.1.2 Other Tests:
13.1.2.1Electrical Resistivity—The individual test results

from at least two specimens shall be reported.
13.1.2.2Hydrogen Embrittlement Test and Microscopical

Examination—At least two specimens shall be tested and each
shall meet the requirements of the test.

13.2 Retests:
13.2.1 When requested by the manufacturer or supplier, a

retest shall be permitted when test results obtained by the
purchaser fail to conform with the requirement(s) of this
specification.

13.2.2 Retesting shall be as directed in this specification for
the specific property except the number of test specimens shall
be twice that normally required for the test. Test results for all
test specimens shall conform to the requirement(s) of this
specification in retest and failure to comply shall be cause for
lot rejection.

14. Specimen Preparation

14.1 Chemical Analysis:
14.1.1 Preparation of the analytical specimen shall be the

responsibility of the reporting laboratory.
14.2 Electrical Resistivity:
14.2.1 The specimen shall conform to the requirements of

the Test Specimens section of Test Method B 193 and at least
two specimens shall be prepared.

14.2.2 Each test specimen shall originate as a single piece or
an appropriate size cut from a separate portion piece, when
possible, selected in 12.1.2.

14.2.3 Alternatively, the manufacturer shall have the option
of sampling the molten metal during the casting period by
pouring at least two castings of suitable size.

14.2.3.1 The test specimens shall be forged or hot rolled.
The external oxide shall be removed and the specimens cold
drawn into a wire approximately 0.080 in. (2.03 mm) in
diameter (12 gage AWG) and of a length adequate for the test.
A specimen shall be cut from one end of each wire and be of
a length sufficient to accommodate the testing equipment,
annealed at approximately 932°F (500°C) for 30 min in an
inert atmosphere, and rapidly cooled to ambient temperature
without undue exposure to air.

14.3 Hydrogen Embrittlement:
14.3.1 The test specimens shall originate as a single piece

cut from a portion piece selected in 12.1.2.
14.3.2 The test specimen shall be forged or hot rolled. The

external oxide shall be removed and the specimen cold drawn
into a wire approximately 0.080 in. (2.03 mm) in diameter (12
gage AWG) and of a length adequate for the test. Not less than
two specimens shall be cut from one end of the wire and be of
a length sufficient to accommodate the testing equipment.

14.3.2.1 Alternatively, test specimens may be taken from
the unused portion of the unannealed wire prepared for the
electrical resistivity test.

14.3.3 The test specimens shall be annealed in an atmo-
sphere containing not less than 15 %, volume/volume, of
hydrogen for 20 to 40 min in a furnace held at 1472 to 1607°F
(800 to 875°C) and then rapidly cooled to ambient temperature
without undue exposure to air.

14.4 Microscopical Examination:
14.4.1 Test specimen preparation shall be in accordance

with Methods E 8.

15. Test Methods

15.1 Test methods used for quality control or production
control, or both, for the determination of conformance with
product property requirements are discretionary.

15.1.1 Test methods used to obtain data for preparation of
certification and test report shall be made available to the
purchaser on request.

15.2 Chemical Composition:
15.2.1 Composition shall be determined, in case of dis-

agreement, as follows:
Element Method

Copper E 53
Phosphorus E 62
Arsenic E 62
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15.2.2 Test method(s) to be followed for the determination
of element(s) resulting from contractual or purchaser order
agreement shall be as agreed upon between the manufacturer or
supplier and the purchaser.

15.3 Other Tests:
15.3.1 The product furnished shall conform to physical

property and other requirements when subjected to the appro-
priate test method in the following table:

Test Methods

Electrical resistivity B 193
Microscopical examination B 577, Test Method A
Hydrogen embrittlement B 577, Test Method D

15.3.1.1Electrical Resistivity—The limit of measurement
uncertainty for Test Method B 193 shall be60.30 % as a
routine method and60.15 % as an umpire method.

16. Significance of Numerical Limits

16.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or calculated value shall be
rounded as indicated in accordance with the rounding method
of Practice E 29.

Property
Rounded Unit for Observed

or Calculated Value

Chemical composition nearest unit in the last right-hand
Electrical resistivity significant digit used in

expressing the limiting value

17. Inspection

17.1 The manufacturer shall inspect and make tests neces-
sary to verify that the product furnished conforms to the
requirements prescribed in this specification.

17.2 Source inspection of the material by the purchaser may
be agreed upon between the manufacturer, or supplier, and the
purchaser as part of the purchase order. In such case, the nature
of the facilities needed to satisfy the inspector representing the
purchaser that the product is being furnished in accordance
with the product specification shall be included in the agree-
ment. All tests and the inspection shall be conducted so as not
to interfere unnecessarily with the operations of the works.

17.3 The manufacturer, or supplier, and the purchaser may
accomplish the final inspection simultaneously by mutual
agreement.

18. Rejection and Rehearing

18.1 Rejection:

18.1.1 Product that fails to conform to the requirements of
this specification may be rejected.

18.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly and in writing.

18.1.3 In case of disagreement or dissatisfaction with the
results of the test upon which rejection was based, the
manufacturer or supplier may make claim for a rehearing.

18.2 Rehearing:
18.2.1 As a result of product rejection, the manufacturer or

supplier may make claim for retest to be conducted by the
manufacturer or supplier and the purchaser. Samples of the
rejected product shall be taken in accordance with this speci-
fication and tested by both parties as directed in this specifi-
cation, or, alternatively, upon agreement by both parties, an
independent laboratory may be selected for the tests using the
tests methods prescribed in this specification.

19. Certification

19.1 When specified in the purchase order or contract, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met.

20. Test Report

20.1 When specified in the purchase order or contract, a
report of the test results shall be furnished.

21. Product Marking

21.1 Each piece shall be marked with the producer’s brand
and lot identification number.

22. Packaging and Package Marking

22.1 Packaging:
22.1.1 The product shall be separated by shape, size, and

copper and prepared for shipment in such a manner as to ensure
acceptance by common carrier for transportation and to afford
protection from normal hazards of transportation.

22.2 Package Marking:
22.2.1 Each shipping unit shall be legibly marked with the

purchase order number, copper UNS No. designation, shape,
size, gross and net weight, and name of supplier or manufac-
turer. The specification number shall be shown when specified
in the contract or purchase order.

23. Keywords

23.1 oxygen-free; phosphorized copper billet; phosphorized
copper cakes; phosphorized copper wire bar
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 379 – 99)
that may impact the use of this standard. (Approved May 1, 2004.)

(1) Referenced Documents section updated.
(2) Terminology section updated.
(3) Materials and Manufacture section updated.
(4) Physical Property Requirements section updated.

(5) Performance Requirements section updated.

(6) Microscopical Examination section updated.

(13) UNS Alloy No. C12000 added to the document.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 395/B 395M – 02

Standard Specification for
U-Bend Seamless Copper and Copper Alloy Heat Exchanger
and Condenser Tubes 1

This standard is issued under the fixed designation B 395/B 395M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification2 establishes the requirements for con-
denser, evaporator, and heat exchanger U-bends that are
manufactured from seamless copper and copper alloy tube.

1.2 Units—The values stated in either inch-pound units or
SI units are to be regarded separately as the standard. Within
the text, the SI units are shown in brackets. The values stated
in each system are not exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems could result in nonconformance
with the specification.

1.3 This specification is applicable to product 2 in. [50 mm]
or less, inclusive, in diameter.

1.4 The product shall be produced from one of the following
coppers or copper alloys, as specified in the ordering informa-
tion:

Copper or
Copper Alloy Previously Used

UNS No. Designation Type of Metal

C10200 OFA oxygen-free without residual deoxidants
C10300 ... oxygen-free, extra low phosphorus
C10800 ... oxygen-free, low phosphorus
C12000 DLPA phosphorized, low residual phosphorus
C12200 DHPA phosphorized, high residual phospho-

rus
C14200 DPAA phosphorized, arsenical
C19200 ... phosphorized, 1 % iron
C23000 ... red brass
C44300 Type B admiralty metal
C44400 Type C admiralty metal
C44500 Type D admiralty metal
C60800 ... aluminum bronze
C68700 Type B aluminum brass
C70400 ... 95-5 copper-nickel
C70600 ... 90-10 copper-nickel
C70620 ... 90-10 copper-nickel-

(modified for welding)
C71000 ... 80-20 copper-nickel
C71500 ... 70-30 copper-nickel

C71520 ... 70-30 copper-nickel-
(modified for welding)

C72200 ... copper-nickel
A Designations listed in Classification B 224.

1.5 The following pertains only to the test method described
in Sections 11 and 15, of this specification:This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 153 Test Method for Expansion (Pin Test) of Copper and

Copper-Alloy Pipe and Tubing3

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys3

B 170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes3

B 224 Classification of Coppers3

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

B 858 Test Method for Ammonia Vapor Test for Determin-
ing Susceptibility to Stress Corrosion Cracking in Copper
Alloys3

B 900 Practice for Packaging Copper and Copper Alloy
Mill-Products for U.S. Government Agencies3

E 3 Practice for Preparation of Metallographic Specimens4

E 8 Test Methods for Tension Testing of Metallic Materials4

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications51 This specification is under the jurisdiction of ASTM Committee B05 on Copper

and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Apr. 10, 2002. Published July 2002. Originally
published as B 395 – 62 T. Last previous edition B 395 – 95.

2 For ASME Boiler and Pressure Vessel Codeapplications see related Specifi-
cation SB-395 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.

1

*A Summary of Changes section appears at the end of this standard.
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E 53 Test Methods for Chemical Analysis of Copper6

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes6

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)6

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys6

E 112 Test Methods for Determining Average Grain Size4

E 118 Test Methods for Chemical Analysis of Copper-
Chromium Alloys6

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes7

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition6

E 478 Test Methods for Chemical Analysis of Copper
Alloys7

3. Terminology

3.1 For the definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

3.2 Definitions:
3.2.1 u-bend tube, n—a tube bent 180° in a single plane into

a U-shape.
3.2.2 dual-gage tube, n—a tube which has more than one

wall-gage thickness contained within the length of the tube.
3.3 Definitions of Terms Specific to This Standard:
3.3.1 squareness of cut—the maximum deviation of one

side of a cross section of tube from the opposite side, when
measured against the projected perpendicularity of the plane of
the projected center of the tube at the ends.

4. Ordering Information

4.1 Orders for product under this specification shall include
the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Copper or copper alloy UNS No. designation (Section

6),
4.1.3 Temper (Section 7),
4.1.4 Dimensions—X–diameter and wall thickness of the

tube (see 12.1 and 12.2),
4.1.5 Schedule of bending radii (see 12.2.5),
4.1.6 Length of U-bend tube legs (see 12.2.8),
4.1.7 If the product is to be subsequently welded (see Table

1), and
4.1.8 If the product is to be for U.S. Government.
4.2 The following options are available and shall be speci-

fied at the time of placing the order, when required:
4.2.1 Tension test (see 9.1),
4.2.2 Relief anneal of U-bent portion of copper-nickel

U-bend tubes (see 7.6),
4.2.3 Dual-gage, a schedule of tubes required in dual-gage

and length of heavy gage section must be furnished with this
option (see 5.2.1 and 12.2.3),

4.2.4 Certification, if required (see 21), and
4.2.5 Mill Test Report, if required (see 22).

4.3 In addition, when material is purchased for agencies of
the U.S. Government, it shall be in accordance with the
requirements specified in the Supplementary Requirements
section, when specified in the contract or purchase order.

5. Materials and Manufacture

5.1 Materials:
5.1.1 The material of manufacture shall be of such quality

and purity that the finished product shall have the properties
and characteristics prescribed in this specification for the
applicable alloy and temper.

5.2 Manufacture:
5.2.1 Tubes required to be U-bent to a small radius shall, if

specified, be furnished as dual-gage tubes.
5.2.1.1 These tubes shall be made prior to U-bending with

the wall thickness of the central section of the tube length,
increased the equivalent of one Stubs’ or Birmingham Wire
Gage (BWG) thicker than the wall thickness specified for the
straight leg portion of the U-bend tube.

5.2.1.2 Unless otherwise specified, dual-gage tubes shall be
made to constant inside diameter; that is, the increased wall
thickness shall be obtained by increasing the outside diameter
of the finished tube in the central heavy gage section.

5.2.2 The bent portion of the U-bend tube shall be substan-
tially uniform in curvature.

6. Chemical Composition

6.1 The material shall conform to the chemical composition
requirements specified in Table 1 for the copper or copper alloy
specified in the ordering information.

6.2 These specification limits do not preclude the presence
of unnamed elements. By agreement between the manufac-
turer, or supplier, and purchaser, analysis may be required and
limits established for elements not specified.

6.3 Copper Alloy UNS No. C19200—Copper may be taken
as the difference between the sum of all the elements analyzed
and 100 %. When all the elements in Table 1 are analyzed, their
sum shall be 99.8 % minimum.

6.4 For copper alloys in which copper is specified as the
remainder, copper may be taken as the difference between the
sum of all the elements analyzed and 100 %.

6.4.1 When all the elements in Table 1 are analyzed, their
sum shall be as shown in the following table.

Copper Alloy UNS No.
Copper Plus Named

Elements, % min

C60800 99.5
C70400 99.5
C70600 99.5
C70620 99.5
C71000 99.5
C71500 99.5
C71520 99.5
C72200 99.8

6.5 For copper alloys in which zinc is specified as the
remainder, either copper or zinc may be taken as the difference
between the sum of all the elements analyzed and 100 %.

6.5.1 When all the elements in Table 1 are analyzed, their
sum shall be as shown in the following table.

6 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.06.
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Copper Alloy UNS No.
Copper Plus Named

Elements, % min

C23000 99.8
C44300 99.6
C44400 99.6
C44500 99.6
C68700 99.5

7. Temper

7.1 Tempers, as defined in Practice B 601, are as follows:
7.2 Prior to U-bending, tubes of Copper Alloy UNS Nos.

C23000, C44300, C44400, C44500, C60800, C68700,
C70400, C70600, C70620, C71000, C71500, C71520, and
C72200 shall be in the annealed temper (O61), unless other-
wise specified in the purchase order.

7.3 Prior to bending, U-bend tubes of Copper Alloy UNS
Nos. C10200, C10300, C10800, C12000, C12200, and C14200
shall be in light drawn temper (H55). Tubes of Copper Alloy
UNS Nos. C70400, C70600, C70620, and C72200 shall, if
specified, be made in the light-drawn temper (H55).

7.4 Prior to bending, U-bend tubes of Copper Alloy UNS
No. C19200 shall be in the annealed (O61) or light drawn
temper (H55) as specified.

7.5 Prior to bending, U-bend tubes of Copper Alloy UNS
No. C71500 or C71520 shall be made in the drawn, stress-
relieved temper (HR50), when specified.

7.6 The U-bend portion of tubes furnished in Copper Alloy
UNS Nos. C23000, C44300, C44400, C44500, C60800, and
C68700 shall be relief annealed (HR) after bending. If speci-
fied, the U-bend portion of tubes furnished in Copper Alloy
UNS Nos. C70400, C70600, C70620, C71000, C71500,
C71520, and C72200 shall be relief annealed (HR) after
bending.

NOTE 1—Some tubes, when subjected to aggressive environments, may
be subject to stress-corrosion cracking failure because of the residual
tensile stresses developed in straightening. For such applications, it is
suggested that tubes of Copper Alloy UNS Nos. C23000, C44300,
C44400, C44500, C60800, and C68700 be subjected to a stress relieving
(HR) thermal treatment subsequent to straightening. If required, this must
be specified on the purchase order or contract. Tolerances for roundness
and length, and the condition of straightness, for tube so ordered, shall be
to the requirements agreed upon by the manufacturer and purchaser.

8. Grain Size of Annealed Tempers

8.1 Samples of annealed–temper (O61) tubes selected for
test shall be subjected to microscopical examination at a
magnification of 75 diameters and shall show uniform and
complete recrystallization.

8.2 Materials other than Copper Alloy UNS No. C19200
shall have an average grain size within the limits of 0.010 to
0.045 mm.

8.3 The requirements of this section do not apply to product
of the light-drawn temper (H55) drawn, stress-relieved temper
(HR50), or to the U-bent portion of the product.

9. Mechanical Property Requirements

9.1 Tensile Property Requirements:
9.1.1 Product specified to meet the requirements ofASME

Boiler and Pressure Vessel Codeshall have tensile properties
as prescribed in Table 2 for product specified in inch-pound
units or Table 3 for product specified in SI units.

10. Performance Requirements

10.1 Expansion Test:
Tube specimens selected for test shall withstand the expan-

sion shown in Table 4 when expanded in accordance with Test
Method B 153.

11. Other Requirements

11.1 Flattening Test—When specified in the contract or
purchase order, the flattening test described in the Test Method
section in 17.2.1.3 shall be performed.

11.1.1 During inspection, the flattened areas of the test-
specimen shall be free of defects, but blemishes of a nature that
do not interfere with the intended application are acceptable.

11.2 Mercurous Nitrate Test or Ammonia Vapor Test:
11.2.1 The mercurous nitrate or ammonia vapor test is

required only for Copper Alloy UNS Nos. C23000, C44300,
C44400, C44500, C60800, and C68700. (Warning—Mercury
is a definite health hazard and therefore equipment for the
detection and removal of mercury vapor produced in volatil-
ization is recommended. The use of rubber gloves in testing is
advisable.)

TABLE 2 Tensile Requirements

Copper or Copper Alloy UNS No.
Temper Designation Tensile

Strength,
min, ksi B

Yield
Strength,A

min, ksi B

Elongation in
2 in., min, %Standard Former

C10200, C10300, C10800, C12000, C12200,
C14200

H55 light drawn 36 30 ...

C19200 H55 light drawn 40 35 ...
C19200 O61 annealed 38 12 ...
C23000 O61 annealed 40 12 ...
C44300, C44400, C44500 O61 annealed 45 15 ...
C60800
C68700

O61
O61

annealed
annealed

50
50

19
18

...

...
C70400
C70400

O61
H55

annealed
light drawn

38
40

12
30

...

...
C70600, C70620
C70600, C70620

O61
H55

annealed
light drawn

40
45

15
35

...

...
C71000 O61 annealed 45 16 ...
C71500, C71520 O61 annealed 52 18 ...

For wall thicknesses up to 0.048 in., incl HR50 drawn, stress-relieved 72 50 12
For wall thicknesses over 0.048 in. HR50 drawn, stress-relieved 72 50 15

C72200
C72200

O61
H55

annealed
light drawn

45
50

16
45

...

...
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11.2.2 The test specimens, cut 6 in. [150 mm] in length from
both the U-bend and straight leg length, shall withstand,
without cracking, an immersion in the standard mercurous
nitrate solution in Test Method B 154 or immersion in the
ammonia vapor solution as defined in Test Method B 858: the
straight leg specimens shall include the finished tube ends.

NOTE 2—There is no standard test method to evaluate the effectiveness
of a relief-anneal (HR) of the U–bend section of copper-nickel or
copper-nickel-iron tubes with respect to stress-corrosion cracking suscep-
tibility.

11.2.3 Unless otherwise agreed upon between the manufac-
turer, or supplier, and the purchaser, the manufacturer shall
have the option of using either the mercurous nitrate test or the
ammonia vapor test. If agreement cannot be reached, the
mercurous nitrate test standard shall be utilized.

11.2.4 If the ammonia vapor test is selected, the appropriate
risk level pH value for the test solution shall be agreed upon by

the manufacturer and purchaser, or alternately, if the purchaser
defers to the manufacturer’s expertise for the selection of the
test pH value, the minimum value selected shall be 9.8.

11.3 Nondestructive Examination for Defects:
11.3.1 Each tube, prior to bending, shall be subjected to the

eddy-current test.
11.3.2 Tubes may be tested in the final drawn, annealed, or

heat-treated temper or in the drawn temper prior to the final
anneal or heat treatment at the option of the manufacturer.

11.3.3 Testing shall follow the procedures of Practice E 243.
11.3.4 Unless otherwise agreed upon between the manufac-

turer, or supplier, and the purchaser, the manufacturer shall
have the option of calibrating the test equipment using either
notch-depth or drilled-hole standards. If agreement cannot be
reached, notch-depth standard shall be utilized.

11.3.5 The depth of the round-bottom transverse notches
and the diameters of the drilled holes in the calibrating tube
used to adjust the sensitivity of the test unit are shown in Table
5 and Table 7 for the material specified in the inch-pound

TABLE 3 Tensile Requirements (SI)

Copper or Copper Alloy UNS No.
Temper Designation Tensile

Strength,
min, MPa

Yield
Strength,A

min, MPa

Elongation in
50.8 mm,

min, %Standard Former

C10200, C10300, C10800, C12000,
C12200, C14200

H55 light drawn 250 205 ...

C19200 H55 light drawn 275 240 ...
C19200 O61 annealed 260 85 ...
C23000 O61 annealed 275 85 ...
C44300, C44400, C44500 O61 annealed 310 105 ...
C60800
C68700

O61
O61

annealed
annealed

345
345

130
125

...

...
C70400
C70400

O61
H55

annealed
light drawn

260
275

85
205

...

...
C70600, C70620
C70600, C70620

O61
H55

annealed
light drawn

275
310

105
240

...

...
C71000 O61 annealed 310 110 ...
C71500, C71520: O61 annealed 360 125 ...

For wall thicknesses up to 1.2 mm, incl HR50 drawn, stress-relieved 495 345 12
For wall thicknesses over 1.2 mm HR50 drawn, stress-relieved 495 345 15

C72200
C72200

O61
H55

annealed
light drawn

310
345

110
310

...

...

TABLE 4 Expansion Requirements

Temper Designation
Copper or Copper

Alloy UNS No.

Expansion of
Tube Outside
Diameter in
Percent Of

Original Outside
Diameter

Standard Former

O61 annealed C19200 30
C23000 20
C44300, C44400, C44500 20
C60800 20
C68700 20
C70400 30
C70600, C70620 30
C71000 30
C71500, C71520 30
C72200 30

H55 light-drawn C10200, C10300, C10800,
C12000, C12200 20

C14200 20
C19200 20
C70400 20
C70600, C70620 20
C72200 20

HR58 drawn, stress
relieved

C71500, C71520 20

TABLE 5 Notch Depth

Tube Wall Thickness, in.

Tube Outside Diameter, in.

Over 1⁄4 to
3⁄4, incl

Over 3⁄4 to
11⁄4, incl

Over 11⁄4 to
2, incl

Over 0.017–0.032 0.005 0.006 0.007
Incl, 0.032–0.049 0.006 0.006 0.0075
Incl, 0.049–0.083 0.007 0.0075 0.008
Incl, 0.083–0.109 0.0075 0.0085 0.0095
Incl, 0.109–0.120 0.009 0.009 0.011

TABLE 6 Notch Depth (SI)

Tube Wall Thickness, mm

Tube Outside Diameter, mm

Over 6 to 19,
incl

Over 19 to 32,
incl

Over 32 to 50,
incl

Over 0.43–0.81 0.13 0.15 0.18
Incl, 0.81 to 1.3 0.15 0.15 0.19
Incl, 1.3 to 2.1 0.18 0.19 0.20
Incl, 2.1 to 2.8 0.19 0.22 0.24
Incl, 2.8 to 3.0 0.23 0.23 0.28

B 395/B 395M
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system and Table 6 and Table 8 for material specified in the SI
system.

11.3.6 Tubes that do not actuate the signaling device of the
eddy-current tester shall be considered as conforming to the
requirements of this test.

11.3.7 Tubes causing irrelevant signals because of moisture,
soil, and minor mechanical damage may be reconditioned and
retested.

11.3.8 Such tubes, when retested to the original test param-
eters, shall be considered to conform if they do not cause
output signals beyond the acceptable limits.

11.3.9 Tubes causing irrelevant signals because of visible
and identifiable handling marks shall be considered in con-
formance if the tube dimensions are within the prescribed
limits and if the tubes conform to the leak test requirements of
11.4.2 or 11.4.3, unless otherwise agreed to by the manufac-
turer and purchaser.

11.4 Each U-bend tube shall be tested to the requirements of
either 11.4.2 or 11.4.3.

11.4.1 Unless otherwise specified, the manufacturer shall
have the option of the leak test to be used.

11.4.2 Hydrostatic Test—Each tube shall withstand an in-
ternal hydrostatic-pressure sufficient to subject the material to
a fiber stress of 7000 psi [48 MPa] without evidence of
leakage. The tube need not be tested at a hydrostatic pressure
of over a gage pressure of 1000 psi [6.9 MPa], unless so
specified. The stress shall be determined by the following
equation for thin hollow cylinders under tension:

P 5 2St/~D 2 0.8t! (1)

where:
P = hydrostatic pressure, psi [MPa],
t = thickness of tube wall, in. [mm],
D = outside diameter of the tube, in. [mm], and
S = allowable stress of the material, psi [MPa].

11.4.3 Pneumatic Test—Each tube shall be subjected to an
internal air gage pressure of 60 psi [400 kPa], minimum. The
product shall maintain pressure and show no evidence of

leakage for 5 s. The test method used shall permit visual
detection of any leakage, such as by having the tube under
water or by the pressure differential method. Any evidence of
leakage shall be cause for rejection.

12. Dimensions, Mass, and Permissible Variations

12.1 Tube Diameter—The outside diameter of the straight
leg portion of the tube, exclusive of the central heavy gage
portion, shall not vary from that specified by more than the
amounts shown in Table 9 for product specified in the
inch-pound system or Table 10 for product specified in the SI
system as measured by “go” and “no-go” ring gages.

12.2 Thickness:
12.2.1 Tubes Ordered to Minimum Wall—Prior to bending,

the wall thickness of the single-gage tubes at the thinnest point
shall not be less than the thickness specified. The maximum
plus deviation from the specified wall at any point shall not
exceed twice the value shown in Table 11 for product specified
in the inch-pound system or Table 12 for product specified in
the SI system.

12.2.2 Tubes Ordered to Nominal Wall—
12.2.2.1 Prior to bending the maximum plus and minus

deviation from the nominal wall at any point shall not exceed
the values shown in Table 11 for product specified in the
inch-pound system or Table 12 for product specified in the SI
system.

12.2.2.2 When tubes are required in dual-gage, the wall
thickness of the heavy gage portion, prior to bending, shall
conform to the applicable tolerances in Table 11 or Table 12 for
the specified heavier gage (Note 3).

NOTE 3—The wall thickness of the heavy-gage section of the dual-gage
tube shall be determined by adding one half the difference between the
outside diameter at the heavy gage and the outside diameter of the
standard gage to the minimum measured wall thickness determined at
either end of the tube.

12.2.3 Wall Thickness of Tube in U-Bend Section—The wall
thickness of the tube at the apex of the U-bent section shall be
not less than the value determined by the following equation:

tf 5 t~2R!/~2R1 D! (2)

where:
tf = thickness after bending, in. [mm],
t = specified thickness of minimum wall or specified

nominal wall minus the permissible wall thickness
tolerance, in. [mm],

R = centerline bend radius, in. [mm], and
D = nominal outside diameter of the tube, in. [mm]

Proof of conformance to this requirement shall be obtained
by bending a tube specimen representative of the material
offered to the scheduled radius of bend cutting the tube at the
apex of the bend, measuring the tube wall at the cross section
of this apex section, and comparing the measured value with
the calculated value oftf.

12.2.4 Length of Central Heavy-Gage Section of Tube—The
nominal length of the heavy-gage section of the dual-gage tube
prior to bending shall be as specified but in no case shall the
length of the heavy-gage section be specified less than 4 in.
[100 mm] nor less than the length of the bend measured along

TABLE 7 Diameter of Drilled Holes

Tube Outside Diameter, in.

Diameter of
Drilled Holes,

in.
Drill No.

1⁄4 to 3⁄4, incl 0.025 72
Over 3⁄4, incl 0.031 68
Over 1–11⁄4, incl 0.036 64
Over 11⁄4–11⁄2, incl 0.042 58
Over 1⁄2–3⁄4, incl 0.046 56
Over 3⁄4, incl 0.052 55

TABLE 8 Diameter of Drilled Holes (SI)

Tube Outside Diameter, mm

Diameter of
Drilled Holes,

mm
Drill No.

6.0–19.0, incl 0.635 72
Over 19.0–25.0, incl 0.785 68
Over 25.0–32.0, incl 0.915 64
Over 32.0–38.0, incl 1.07 58
Over 38.0–45.0, incl 1.17 56
Over 45.0–50.0, incl 1.32 55
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the centerline bend radius between the points of tangency. The
tolerance on the length of the heavy gage section shall be plus
3 in. [76 mm], minus 0 in. [0 mm]. The transition from the
larger tube diameter of the heavy-gage section to the diameter
of the tube in the standard-gage section shall be gradual and
take place in a distance of not less than1⁄8 in. [3.2 mm] nor
more than 1 in. [25 mm] measured parallel to the tube axis.

12.2.5 Centering of U-Bend in Heavy-Gage Section of
Tube—U-bends in the dual-gage tube shall be centered sub-
stantially within the heavy-gage section of the tube. The
heavy-gage section of the tube shall extend to or beyond the
point of tangency, that is, the dimensiona in Fig. 1 may be

equal to or greater than 0 in. [0 mm]. The difference (b − a)
between the lengths of the heavy-gage section which extend
beyond the point of tangency into the U-bend tube legs shall
not exceed 1 in. [25 mm].

12.2.6 Bending Radius—The leg spacing, measured be-
tween the points of tangency of the bend to the legs shall not
vary from the value (2R− specified tube outside diameter) by
more than1⁄16 in. [1.6 mm] whereR is the specified centerline
bend radius (Note 4).

NOTE 4—The higher tensile properties recognized by the ASME Code
for Copper Alloy UNS No. C71500 or C71520 in the drawn, stress-
relieved temper (HR50) and Copper UNS Nos. C10200, C10300, C10800,
C12000, C12200, C14200, and Copper Alloy No. C70400 in the light-
drawn temper (H55) are obtained with some sacrifice of ductility.
Similarly, though the ASME Code does not recognize Copper Alloy UNS
No. C70600 or C70620 in the light-drawn temper (H55), tubes in this
temper are frequently required.

NOTE 5—The radius of the bend of tubes of C71500 or C71520, in the
drawn stress-relieved temper (HR50), shall not be less than 2.2 times the
tube outside diameter for tubes with 0.049-in. [1.24 mm] wall, and not less
than two times the tube outside diameter for tubes with 0.058 in. [1.47
mm] wall.

12.2.7 Diameter of Tube in U-Bent Section—Neither the
major, nor the minor outside diameter of the tube at any one
cross section included within the points of tangency of the bend
shall deviate from the nominal diameter prior to bending by
more than 10 %.

12.2.8 Length of U-Bend Tube Legs—The lengthL in Fig. 1
of the tube legs as measured from the point of tangency of the
bend and the tube leg to the end of the tube leg shall not be less
than that specified when measured at a temperature of 68°F
[20°C], but may exceed the specified values by the amounts
shown in Table 13 for product specified in the inch-pound
system or Table 14 for product specified in the SI system.

12.2.8.1 The difference in length of the tube legs shall not
be greater than1⁄8 in. [3.2 mm], unless otherwise specified.

TABLE 9 Diameter Tolerances

Outside Diameter, in.

Wall Thickness, in.

0.032 0.035 0.042 0.049 and Over

Diameter Tolerance, Plus and Minus, in.

Up to 0.500 incl 0.0025 0.0025 0.0025 0.0025
Over 0.500–0.740, incl 0.004 0.004 0.0035 0.003

Over 0.740–1.000, incl 0.006 0.005 0.0045 0.004
Over 1.000–1.250, incl 0.009 0.008 0.006 0.0045
Over 1.250–1.375, incl ... ... 0.008 0.005
Over 1.375–2.000, incl ... ... ... 0.006

TABLE 10 Diameter Tolerances (SI)

Outside Diameter, mm

Wall Thickness, mm

0.813 0.889 1.07 1.24 and Over

Diameter Tolerance, Plus and Minus, mm

Up to 12.0, incl 0.064 0.064 0.064 0.064
Over 12.0–18.0, incl 0.010 0.10 0.089 0.076

Over 18.0–25.0, incl 0.15 0.13 0.11 0.10
Over 25.0–35.0, incl ... ... 0.20 0.13
Over 35.0–50.0, incl ... ... ... 0.15

TABLE 11 Wall Thickness Tolerances

Wall Thickness, in.

Outside Diameter, in.

Over 1⁄8 to
5⁄8, incl

Over 5⁄8 to
1, incl

Over 1 to 2,
incl

Wall Thickness Tolerances, Plus
and Minus in.

0.032, incl to 0.035 0.003 0.003 0.004
0.035, incl to 0.058 0.004 0.0045 0.0045
0.058, incl to 0.083 0.0045 0.005 0.005
0.083, incl to 0.120 0.005 0.0065 0.0065
0.120, incl to 0.134 0.007 0.007 0.0075

TABLE 12 Wall Thickness Tolerances (SI)

Wall Thickness, mm

Outside Diameter, mm

Over 3.0 to 16.0,

incl

Over 16.0 to
25.0,
incl

Over 25.0 to
50.0,
incl

Wall Thickness Tolerances, Plus
and Minus mm

0.813, incl to 0.889 0.076 0.076 0.10
0.889, incl to 1.47 0.10 0.11 0.11
1.47, incl to 2.11 0.11 0.13 0.13
2.11, incl to 3.05 0.13 0.17 0.17
3.05, incl to 3.40 0.18 0.18 0.19
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12.2.9 Squareness of Cut—The departure from squareness
of the end of any tube shall not exceed the values given in
Table 15 for product specified in the inch-pound system or
Table 16 for product specified in the SI system. See Fig. 2.

13. Workmanship, Finish, and Appearance

13.1 Roundness, straightness, uniformity of the wall thick-
ness, and inner and outer surface of the tube shall be such as to
make it suitable for the intended application.

13.2 Annealed-temper (O61) tubes shall be clean and
smooth, but may have a superficial, dull iridescent film on both

the inside and outside surface. Drawn-temper tubes shall be
clean and smooth, but may have a superficial film of drawing
lubricant on the surfaces. A light oxide scale on the outside and
inside surfaces of U-bend tubes shall be allowed for tubes
which have been relief annealed.

14. Sampling

14.1 The lot size, portion size, and selection of pieces shall
be as follows:

14.1.1 Lot Size—For purposes of testing, a lot shall consist
of 600 tubes or fraction thereof, for tubes whose lengths prior
to U-bending are up to and including 45 ft [13 800 mm] or 300
tubes or fraction thereof for tubes whose lengths prior to
U-bending are over 45 ft [13 800 mm]. As tubes intended for
U-bending are of different lengths depending on the bending
radius, a lot of tubes for sampling purposes may include tubes
of different lengths. If any order includes tubes whose lengths
prior to bending are both under and over 45 ft [13 800 mm],
those tubes shall be divided into separate lots as noted above.

14.1.2 Portion Size—Pieces from two tubes selected from
each lot prior to bending.

14.2 Chemical Analysis:
14.2.1 Samples for chemical analysis shall be taken in

accordance with Practice E 255. Drillings, millings, and so
forth, shall be taken in approximately equal weight from each
of the sample pieces selected in accordance with 14.1.2 and
combined into one composite sample. The minimum weight of
the composite sample that is to be divided into three equal parts
shall be 0.33 lb [150 g].

14.2.1.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semi-finished product. If the manufacturer

FIG. 1 Centering of U-Bend in Heavy Gage Section of Tube

TABLE 13 Tube Leg Tolerances

Specified Length, (L) ft Tolerance all Plus, in.

Up to 20, incl 1⁄8
Over 20–30, incl 5⁄22

Over 30–60, incl 1⁄4
Over 60 3⁄8

TABLE 14 Tube Leg Tolerances (SI)

Specified Length, (L) mm Tolerance all Plus, mm

Up to 6000, incl 3.2
Over 6000–9000, incl 4.0
Over 9000–18 000, incl 6.4
Over 18 000 9.5

FIG. 2 Squareness of Cut

TABLE 15 Squareness Tolerances

Specified Outside
Diameter, in. Tolerance

Up to 5⁄8, incl 0.010 in.
Over 5⁄8 0.016 in./in.

TABLE 16 Squareness Tolerances (SI)

Specified Outside
Diameter, mm Tolerance

Up to 16.0, incl 0.25 mm
Over 16.0 0.016 mm/mm
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determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product.

14.2.1.2 The number of samples taken for determination of
chemical composition shall be as follows:

(a) When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

(b) When samples are taken from the semi-finished prod-
uct, a sample shall be taken to represent each 10 000 lb [4550
kg] or fraction thereof, except that not more than one sample
shall be required per piece.

(c) Due to the discontinuous nature of the processing of
castings into wrought products, it is not practical to identify
specific casting analysis with a specific quantity of finished
material.

(d) In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

15. Number of Tests and Retests

15.1 Tests:
15.1.1 Chemical Analysis—One composite sample shall be

subjected to the test as defined in 14.2.
15.1.2 Grain Size—Two tubes shall be selected from each

lot prior to bending and each tube shall be tested to verify the
requirements in Section 8.

15.1.3 Tensile Property Requirements—Two tubes shall be
selected from each lot prior to bending and each tube shall be
tested to verify the requirements in Section 9.

15.1.4 Expansion Test—Two tubes shall be selected from
each lot prior to bending and each tube shall be tested to verify
the requirements in Section 10.

15.1.5 Flattening Test—Two tubes shall be selected from
each lot prior to bending and each tube shall be tested to verify
the requirement in 11.1.

15.1.6 Mercurous Nitrate Test or Ammonia Vapor Test—
The two sample lengths selected for test specimens in 14.1
shall be tested to verify the requirements of 11.2.

15.2 Retests:
15.2.1 If any test specimen representing a lot fails to

conform to the requirements of Sections 6, 8, 9, 10, and 11,
when required, two additional specimens, at the option of the
supplier, may be taken as before, and submitted for product
analysis or subjected to any tests in which the original
specimen failed, but each of these specimens shall conform to
the requirements specified. Failure of either of these retest
specimens to meet the specified requirements for a particular
property shall be cause for rejection of the entire lot.

16. Specimen Preparation

16.1 Chemical Analysis:
16.1.1 Sample preparation shall be in accordance with

Practice E 255.
16.1.2 Analytical specimen preparation shall be the respon-

sibility of the reporting laboratory.
16.2 Grain Size—The test specimen shall be prepared in

accordance with Test Method E 3 and shall approximate a
radial longitudinal section of the tube.

16.3 Tension Test:
16.3.1 Tension test specimens shall be of the full section of

tube and shall conform to the requirements of the Test
Specimen section of Test Methods E 8 or E 8M, as applicable
unless the limitations of the testing machine precludes the use
of such a specimen. Test specimens conforming to Type No. 1
of Fig. 13, Tension Test Specimens for Large-Diameter Tubular
Products, of Test Methods E 8 or E 8M shall be used when a
full section specimen cannot be tested.

16.3.2 Tension test results on product covered by this
specification are not seriously affected by variations in speed of
testing. The rate of stressing to the yield strength shall not
exceed 100 ksi/min [690 MPa/mm]. Above the yield strength,
the movement per minute of the testing machine head under
load should not exceed 0.5 in./in. [0.5 mm/mm], as appropriate
of gage length (or distance between grips for full section
specimens).

16.4 Expansion Test Specimen—Test specimens shall con-
form to the requirements of the Specimen Preparation section
of Test Method B 153.

16.5 Mercurous Nitrate Test or Ammonia Vapor Test:
16.5.1 A sufficient length of tube taken from each of the two

sample lengths selected for test specimens (see 14.1) shall be
U-bent to the smallest radius in the order and shall be subjected
to the same relief-annealed (HR) treatment to be used for this
size in producing the order.

16.5.2 The test specimens shall be cut 6 in. [150 mm] in
length from both the U-bend and straight-leg length.

16.5.3 The straight-leg specimens shall include the finished-
tube ends.

16.6 Flattening Test—A test specimen shall be cut to a
length that will allow the tube to be flattened at three (3) places
along the length, with each flattened area to be at least 2 in [50
mm] in length. When the temper is other than annealed, the
sample may be annealed prior to testing.

17. Test Methods

17.1 Chemical Composition:
17.1.1 Chemical compositions for all other alloys, in case of

disagreement, shall be determined as follows:
Element Range Test Method

Copper 99.75 to 99.99 E 53, Electrolytic
Copper 70.0 to 99.75 E 478, Electrolytic
Tin 0.9 to 1.2 E 478, Photometric
Aluminum 1.8 to 6.5 E 478
Nickel, incl Cobalt 4.8 to 33.0 E 478, Gravimetric
Lead 0.05 to 0.10 E 478, Atomic Absorption,
Iron 0.04 to 1.8 E 478
Zinc 14.0 to 30.0 E 478, Titrimetric
Zinc to 1.0 E 478, Atomic Absoprtion
Manganese to 1.0 E 62
Arsenic 0.02 to 0.5 E 62
Antimony 0.02 to 0.1 E 62
Phosphorus 0.001 to 0.04 E 62
Chromium 0.30 to 0.70 E 118

17.2 Other Tests:
17.2.1 The product furnished shall conform to all other

requirements when subjected to testing in accordance with the
following table:

Ammonia Vapor Test B 858
Eddy Current E 243
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Expansion (Pin Test) B 153
Grain Size E 112
Mercurous Nitrate B 154
Tension E 8,

E 8M,
as
appli-
cable

17.2.1.1 Grain Size—In case of dispute, the intercept
method of Test Mehod E 112 shall be followed.

17.2.1.2Tension Test—Whenever tension test results are
obtained from both full size and from machined test specimens
and they differ, the results obtained from full-size specimens
shall prevail.

17.2.1.3Flattening Test—Each test specimen shall be flat-
tened in a press at three (3) places along the length, each new
place to be rotated on its axis approximately one-third turn
from the last flattened area. Each flattened area shall be at least
2 in. [50 mm] in length. A flattened test specimen shall allow
a micrometer caliper set at three (3) times the wall thickness to
pass freely over the flattened area. The flattened areas shall be
inspected for surface defects.

18. Significance of Numerical Limits

18.1 For purpose of determining compliance with the speci-
fied limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property
Rounded Unit for Observed or

Calculated Value

Chemical composition nearest unit in the last
right-hand place of figures

Tensile strength nearest ksi [nearest 5 MPa]
Elongation nearest 1 %
Expansion nearest 1 %
Grain size nearest multiple of 0.005 mm

19. Inspection

19.1 The manufacturer shall inspect and make necessary
tests to verify that the product furnished conforms to the
requirements of this specification.

19.2 If, in addition, the purchaser elects to perform his own
inspection, the manufacturer shall afford the inspector, without
charge, all reasonable facilities to satisfy him that the tubes are
being furnished in accordance with this specification. All tests
(except product analysis) and inspection shall be made at the
place of manufacture prior to shipment, unless otherwise
specified, and shall be so conducted as not to interfere with the
operation of the works.

19.3 The manufacturer, or supplier, and the purchaser may
conduct the final inspection simultaneously by mutual agree-
ment.

20. Rejection and Rehearing

20.1 Rejection:
20.1.1 Material that fails to conform to the requirements of

this specification when inspected or tested by the purchaser, or
purchaser’s agent, may be rejected.

20.1.2 Rejection shall be reported to the manufacturer or
supplier promptly. In addition, a written notification of rejec-
tion shall follow.

20.1.3 In case of dissatisfaction with results of the test upon
which rejection is based, the manufacturer, or supplier, may
make claim for a rehearing.

20.2 Rehearing—As a result of product rejection, the manu-
facturer, or supplier, may make a claim for a retest to be
conducted by the manufacturer, or supplier, and the purchaser.
Samples of the rejected product shall be taken in accordance
with the product specification and subjected to test by both
parties using the test method(s) specified in the product
specification. Alternately, upon agreement of both parties, an
independent laboratory may be selected for the test(s) using the
test method(s) specified in the product specification.

21. Certification

21.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been tested or inspected as directed in this
specification and requirements have been met.

21.2 When identified in the ordering information that prod-
uct is purchased forASME Boiler and Pressure Vessel Code
applications, certification to this specification is mandatory.

22. Mill Test Report

22.1 When specified in the contract or purchase order, a
report of test results shall be furnished.

23. Packaging and Package Marking

23.1 Packaging—The material shall be separated by size,
composition, and temper, and prepared for shipment in such a
manner as to ensure acceptance by common carrier for
transportation and to afford protection from the normal hazards
of transportation.

23.2 Package Marking—Each shipping unit shall be legibly
marked with the purchase order number, metal or alloy
designation, temper, size, shape, total length of piece count, or
both, and name of supplier. The specification number shall be
shown, when specified.

24. Keywords

24.1 condenser tube; copper; copper alloy; dual-gage;
evaporator; heat exchanger; U-bend tube; C10200; C10300;
C10800; C12000; C12200; C14200; C19200; C23000;
C44300; C44400; C44500; C60800; C68700; C70400;
C70600; C70620; C71000; C71500; C71520; C72200
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U. S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:8

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standard:8

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 ASTM Standard:
B 900 Practice for Packaging of Copper and Copper-Alloy

Mill Products for U.S. Government Agencies

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved of by the purchaser at the time the order is

placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade or class and shall be preserved and
packaged, Level A or C, packed, Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of Practice B 900.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this specification since the last issue
(B 395 – 95) that may impact the use of this standard.

(1) General rewrite of the specification to comply with the
outline of form, including miscellaneous working changes.
(2) Addition of the Keywords section of the specification.

(3) Addition of alloys C70620 and C71520 for Welding Grade.

(4) Addition of B 858 as Test Method.

8 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4
Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098, Attn: NPODS.
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in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
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Designation: B 411/B 411M – 01

Standard Specification for
Copper-Nickel-Silicon Alloy Rod and Bar 1

This standard is issued under the fixed designation B 411/B 411M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for
copper-nickel-silicon alloy rod and bar produced from Copper
Alloy UNS No. C64700 in straight lengths.

1.2 Units—The values stated in either inch-pound or in SI
units are to be regarded as standard. Within the text, the SI
units are shown in brackets. The values stated in each system
may not be exact equivalents; therefore, each system shall be
used independently of the other. Combining values from the
two systems may result in nonconformance with the standard.

2. Referenced Documents

2.1 ASTM Standards:
B 193 Test Method for Resistivity of Electrical Conductor

Materials2

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes, and
Forgings3

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 8M Test Methods for Tension Testing of Metallic Mate-
rials (Metric)4

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes5

E 478 Test Methods for Chemical Analysis of Copper
Alloys6

3. General Requirements

3.1 The following sections of Specification B 249/B 249M
constitute a part of this specification:

3.1.1 Terminology,
3.1.2 Workmanship, Finish, and Appearance,

3.1.3 Sampling,
3.1.4 Number of Tests and Retests,
3.1.5 Specimen Preparation,
3.1.6 Test Methods,
3.1.7 Significance of Numerical Limits,
3.1.8 Inspection,
3.1.9 Rejection and Rehearing,
3.1.10 Certification,
3.1.11 Test Report,
3.1.12 Packaging and Package Marking, and
3.1.13 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements which supplement those appearing in
Specification B 249/B 249M.

4. Terminology

4.1 For the definition of terms related to copper and copper
alloys, refer to Terminology B 846.

4.2 Definitions of Terms Specific to This Standard:
4.2.1 capable of, adj—possessing the required properties or

characteristics, or both, necessary to conform to the specifica-
tion requirement(s) when subjected to specific test(s).

5. Ordering Information

5.1 Orders for product to this specification shall include the
following information:

5.1.1 ASTM designation and year of issue (for example,
B 411/B 411M – 01),

5.1.2 Copper alloy UNS No. designation,
5.1.3 Temper,
5.1.4 Product form (cross section such as round, hexagonal,

square, and so forth),
5.1.5 Dimensions (diameter or distance between parallel

surfaces, width, thickness),
5.1.6 Edge contours,
5.1.7 Length, nominal,
5.1.8 Quantity; total weight, length, or number of pieces for

each form and size, and
5.1.9 When product is purchased for agencies of the U.S.

government.
5.2 The following options are available and shall be stated

in the contract or purchase order when required:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved Oct. 10, 2001. Published December 2001. Originally
published as B 411 – 65. Last previous edition B 411 – 96.

2 Annual Book of ASTM Standards, Vol 02.03.
3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.
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5.2.1 Certification (Specification B 249/B 249M), and
5.2.2 Mill test report (Specification B 249/B 249M).

6. Material and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be cast billets or

ingots of Copper Alloy UNS No. C64700 of such soundness
and structure that they are suitable for processing into the
desired product.

6.2 Manufacture:
6.2.1 The product shall be manufactured by hot extrusion or

rolling and finished by such cold working, annealing, coiling,
straightening, and heat treatment as may be necessary to
achieve the required properties.

7. Chemical Composition

7.1 The material composition shall conform to the require-
ments specified in Table 1.

7.1.1 These specification limits do not preclude the presence
of unnamed elements. When required, limits shall be estab-
lished and analysis required for the unnamed elements by
agreement between the manufacturer and the purchaser.

7.2 Copper, given as the remainder, is the difference be-
tween the sum of results of all elements analyzed and 100 %.

7.3 When all elements specified in Table 1 are analyzed, the
sum of results shall be 99.5 % minimum.

8. Temper

8.1 Tempers are as defined in Classification B 601.
8.2 The standard temper for products under this specifica-

tion is TF00, precipitation hardened (AT).
8.3 Other tempers available when specified are:
8.3.1 TB00 (solution heat-treated).
8.3.2 TD00 (solution heat-treated and cold-worked1⁄8 hard).
8.3.3 TD01 (solution heat-treated and cold-worked1⁄4 hard).
8.3.4 TD02 (solution heat-treated and cold-worked1⁄2 hard).
8.3.5 TD03 (solution heat-treated and cold-worked3⁄4 hard).
8.3.6 TD04 (solution heat-treated and cold-worked hard).

9. Physical Property Requirements

9.1 Electrical Resistivity:
9.1.1 The electrical resistivity of precipitation heat-treated

product shall be 0.348 36 to 0.589 54V·g/m2 or conductivity
of 44.0 to 26.0 % IACS at 68°F [20°C] when tested in
accordance with Test Method B 193.

10. Mechanical Property Requirements

10.1 Tensile Requirements:
10.1.1 Product furnished in the precipitation-hardened TF00

temper, as normally supplied, shall conform to the require-

ments specified in Table 2 for each form and size when tested
in accordance with Test Methods E 8 or E 8M.

10.1.2 Product furnished in TB00 (solution heat-treated)
temper or TD00 through TD02 (solution heat-treated and
cold-worked) inclusive, shall be capable of meeting the re-
quirements specified in Table 2 for each size and form after
being given a suitable precipitation heat treatment and when
tested in accordance with Test Methods E 8 or E 8M.

NOTE 1—The purchaser should consult with the manufacturer for
recommended precipitation heat treatment procedures.

10.1.3 The tensile requirements for as supplied rod and bar
in sizes and tempers other than the standard, shall be as agreed
between the supplier or manufacturer and the purchaser.

11. Performance Requirements

11.1 Heat Treatment:
11.1.1 For purchaser’s product acceptance only, the infor-

mation shown in Table 3 shall be considered suitable for
precipitation heat treatment.

12. Other Requirements

12.1 Purchases for the U.S. Government:
12.1.1 Product purchased for agencies of the U.S. govern-

ment shall conform to the additional requirements prescribed in
the Supplemental Requirements section of Specification B 249/
B 249M.

13. Dimensions and Permissible Variations

13.1 The dimensions and tolerances for product under this
specification shall be as specified in the following Tables and
related paragraphs in Specification B 249/B 249M:

13.1.1 Diameter or Distance Between Parallel Surfaces:
13.1.1.1 Rod: Round, Hexagonal, Octagonal—Refer to

Table, Tolerances for Diameter of Cold-Drawn Rod.
13.1.1.2Bar: Rectangular and Square—Refer to Table,

Thickness Tolerances for Rectangular and Square Bar for
thickness and Table, Width Tolerances for Rectangular Bar for
width.

13.1.2 Length—Refer to Table, Length Tolerances for Rod,
Bar, and Shapes for length tolerance and Table, Schedule of
Lengths for schedule of lengths with ends.

13.1.3 Straightness—Refer to Table, Straightness Toler-
ances for Rod, Bar, and Shapes.

13.1.4 Edge Contours—Refer to the section entitled, “Edge
Contours” and Fig. 1, Fig. 2, and Fig. 3.

14. Test Methods

14.1 Chemical Analysis:
14.1.1 The product composition shall be determined, in case

of disagreement, as follows:
Element ASTM Test Method

Copper E 478
Iron E 478
Lead E 478 (AA)
Nickel E 478 (photometric)
Silicon E 54 (perchloric acid)
Zinc E 478 (AA)

TABLE 1 Chemical Requirements

Element Composition, %

Nickel, incl cobalt 1.6–2.2
Silicon 0.40–0.8
Lead, max 0.10
Iron, max 0.10
Zinc, max 0.50
Copper, incl silver remainder

B 411/B 411M
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15. Keywords

15.1 copper-nickel-silicon alloy bar; copper-nickel-silicon

alloy rod; UNS C64700 bar; UNS C64700 rod

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this specification since the last issue
(B 411-96) that may impact the use of this standard.

(1) Revised as a combined inch-pound/SI document.
(2) Corrected straightness tolerance reference table.
(3) Added Nickel test method.

(4) Corrected Table 1 to conform to UNS requirements.

(5) Corrected metric dimension error in Table 3.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 2 Required Mechanical Properties for Material in the TF00 (Precipitation-Hardened (AT)) Condition

Form
Diameter or Distance Between Parallel Surfaces,A

Tensile Strength,
min

Yield Strength at
0.5 % Extension
Under Load, min

Elongation,B in
4D, min, %

in. mm ksi MPa ksi MPa

Rod:
Round 3⁄32 to 11⁄2, incl

Over 11⁄2 to 2, incl
2.4 to 38, incl
Over 38 to 50, incl

90
80

620
550

75
70

515
485

8
8

Hexagonal and
Octagonal

1⁄8 to 11⁄2, incl
Over 11⁄2 to 2, incl

3 to 38, incl
Over 38 to 50, incl

90
80

620
550

75
70

515
485

8
8

Bar:
Square Over 0.188 to 1 [5], incl 5 to 25, incl 90 620 75 515 8

Over 1 to 11⁄2, incl Over 25 to 38, incl 80 550 70 485 8
Rectangular Over 0.188 to 11⁄2 thick and

up to 21⁄2 wide, incl
Over 5 to 38 thick and

up to 65 wide, incl
80 550 70 485 8

AFor rectangular bar the thickness dimension applies.
BElongation in 43 diameter or thickness, but in any case, a minimum gage length of 1 in. [25 mm] shall be used.

TABLE 3 Precipitation-Hardening Heat Treatment

Forms

Diameter or Distance
Between Parallel

Surfaces,A
Temperature Time at

Temperature,
min

in. mm °F °C

Under 0.050 Under 1.3 800 427 90
All 0.050 to 1.000, incl 1.3 to 25, incl 850 454 90

Over 1.000 Over 25 850 454 120
AFor rectangular bar, the thickness dimension applies.

B 411/B 411M
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Designation: B 422 – 04

Standard Specification for
Copper-Aluminum-Silicon-Cobalt Alloy, Copper-Nickel-
Silicon-Magnesium Alloy, Copper-Nickel-Silicon Alloy,
Copper-Nickel-Aluminum-Magnesium Alloy, and Copper-
Nickel-Tin Alloy Sheet and Strip 1

This standard is issued under the fixed designation B 422; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes the requirements for2 Cop-
per Alloy UNS Nos. C19010, C19020, C19025, C63800,
C70250, and C70260 (Note 1) Sheet and Strip.

NOTE 1—This document contains some patented alloys. Alternatives
such as beryllium coppers and spinodal alloys are available for similar
applications.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in SI units represent
mathematical conversions, which are provided for information
only and are not considered standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:3

B 248 Specification for General Requirements for Wrought
Copper and Copper–Alloy Plate, Sheet, Strip, and Rolled
Bar

B 846 Terminology for Copper and Copper Alloys
E 527 Practice for Numbering Metals and Alloys (UNS)

3. General Requirements

3.1 Material furnished to this specification shall be in
accordance with the applicable requirements of the current
edition of Specification B 248.

4. Terminology

4.1 Definitions—For definitions of terms related to copper
and copper alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Orders for material under this specification should
include the following information:

5.1.1 Quantity (of each size),
5.1.2 Alloy: Copper Alloy UNS No. (Section 1),
5.1.3 Form of material (sheet or strip),
5.1.4 Temper (see 7.1),
5.1.5 Dimensions (thickness, width, length (if applicable),
5.1.6 How furnished (rolls, specific lengths with or without

ends, stock lengths with or without ends),
5.1.7 Type of edge, if required (slit, sheared, sawed, square

corners, rounded corners, rounded edges, or full-rounded edges
(see 10.6),

5.1.8 Type of width and straightness tolerances, if required
(slit-metal tolerances, square sheared-metal tolerances, sawed-
metal tolerances, straightened or edge-rolled-metal tolerances)
(Section 10), and

5.1.9 ASTM specification number and year of issue.
5.2 In addition, when material is purchased for agencies of

the U.S. Government, it shall conform to the Supplementary
Requirements as defined in Specification B 248 when specified
in the contract or purchase order.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved May 1, 2004. Published May 2004. Originally
approved 1965. Last previous edition approved in 2003 as B 422 – 03.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.
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6. Chemical Composition

6.1 The materials shall conform to the compositions pre-
scribed in Table 1.

6.2 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser.

6.3 Copper may be taken as the difference between the sum
of all the elements analyzed and 100 %. When all the elements
in Table 1 for Alloys C 19010, C63800, C70250, and C70260
are analyzed, their sum shall be 99.5 % min. When all the
elements in Table 1 for Alloy C19025 are analyzed, their sum
shall be 99.7 % min. When all the elements in Table 1 for Alloy
C19020 are analyzed, their sum shall be 99.8 % min.

7. Temper

7.1 Tempers available under this specification are as desig-
nated in Tables 2-7.

8. Mechanical Properties

8.1 Copper Alloy UNS No. C63800 is a dispersion-
strengthened alloy which does not require heat treatment. The
annealed and rolled tempers shall conform to the tensile
property requirements prescribed in Table 2.

8.2 Copper Alloy UNS No. C70250 is supplied in a mill-
hardened, or cold-worked and precipitation heat-treated, or
precipitation heat-treated or spinodal heat-treated, 1/2 Hd and
stress-relieved tempers. The 0.2 % offset yield strength shall be
the standard tests for these tempers and shall conform to the
requirements specified in Table 3.

8.2.1 If ductility or formability requirements are desired,
they shall be negotiated and agreed upon between manufac-
turer and purchaser.

8.3 Copper Alloy UNS No. C70260 is supplied in a mill-
hardened temper. The 0.2 % offset yield strength shall be the
standard test for the mill-hardened tempers TM00, TM02,
TM03, and TM04 and shall conform to the requirements
specified in Table 4. The tensile strength shall be the standard
test for the mill-hardened temper TM01 and shall conform to
the requirements specified in Table 4.

8.3.1 If ductility or formability requirements are desired,
they shall be negotiated and agreed upon between manufac-
turer and purchaser.

8.4 Copper Alloy UNS Nos. C19020 and C19025 are
supplied in cold-worked, stress-relieved temper. These tempers

shall conform to the tensile strength and elongation require-
ments in Table 5. The 0.2 % offset yield strength shall be the
standard test for the mill-hardened tempers and shall conform
to the requirements specified in Table 7 and Table 5, respec-
tively.

8.4.1 If ductility or formability requirements are desired,
they shall be negotiated and agreed upon between manufac-
turer and purchaser.

8.5 Copper Alloy UNS No. C19010 is supplied in either
precipitation heat-treated (TM03 to TM08) tempers, or mill-
hardened (H01 to H10) tempers. The 0.2 % offset yield
strength shall be the standard test for the precipitation heat-
treated and mill-hardened tempers and shall conform to the
requirements specified in Table 6.

8.5.1 If ductility or formability requirements are desired,
they shall be negotiated and agreed upon between manufac-
turer and purchaser.

9. Electrical Properties

9.1 The electrical resistivity of Copper Alloys UNS Nos.
C19010, C19025, C63800, C70250, and C70260 are listed in
Table 8 for information only.

10. Dimensions and Permissible Variations

10.1 The dimensions and tolerances shall be as prescribed in
the current edition of Specification B 248, with particular
reference to Section 5 and the following tables of that
specification:

10.2 Thickness:See 5.2, Table 2.
10.3 Width:
10.3.1 Slit Metal and Slit Metal with Rolled Edges—See

5.3, Table 4.
10.3.2 Square-Sheared Metal—See 5.3, Table 5.
10.3.3 Sawed Metal—See 5.3, Table 6.
10.4 Length:
10.4.1 Specific and Stock Lengths With and Without Ends—

See 5.4, Table 7.
10.4.2 Schedule of Lengths (Specific and Stock) With

Ends—See 5.4, Table 8.
10.4.3 Length Tolerances for Square-Metal—See 5.4, Table

9.
10.4.4 Length Tolerances for Sawed Metal—See 5.4, Table

10.
10.5 Straightness:

TABLE 1 Chemical Requirements Composition %

Element C19010 C19020 C19025 C63800 C70250 C70260

Nickel 0.8–1.8 0.50–3.0 0.80–1.20 0.20 max. 2.2–4.2A 1.0–3.0A

Silicon 0.15–0.35 . . . . . . 1.5–2.1 0.25–1.2 0.20–0.7
Lead, max. . . . . . . . . . 0.05 0.05 . . .
Iron, max. ... . . . . . . 0.20 0.20 . . .
Zinc, max. . . . . . . 0.20 0.8 1.0 . . .
Aluminum . . . . . . . . . 2.5–3.1 . . . . . .
Copper remainder remainder remainder remainder remainder remainder
Cobalt . . . . . . . . . 0.25–0.55 . . . . . .
Manganese, max. . . . . . . . . . 0.10 0.10 . . .
Magnesium . . . . . . . . . . . . 0.05–0.30 . . .
Tin . . . 0.30–0.9 0.70–1.10 . . . . . . . . .
Phosphorus 0.01–0.05 0.01–0.20 0.03–0.07 . . . . . . 0.010 max.

A Including cobalt.
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10.5.1 Slit Metal or Slit Metal Either Straightened or
Edge-Rolled—See 5.5, Table 11.

10.5.2 Square-Sheared Metal—See 5.5, Table 12.
10.5.3 Sawed Metal—See 5.5, Table 13.
10.6 Edges—See 5.6:
10.6.1 Square Edges—See 5.6.1, Table 14.
10.6.2 Rounded Corners—See 5.6.2, Table 15.
10.6.3 Rounded Edges—See 5.6.3, Table 16.
10.6.4 Full-Rounded Edges—See 5.6.4, Table 17.

11. Keywords

11.1 copper-aluminum-silicon-cobalt alloy; copper-nickel-
aluminum magnesium alloy; copper-nickel-silicon alloy; cop-

per nickel-silicon-magnesium alloy; copper-nickel-tin alloy;
sheet; strip; UNS No. C19010; UNS No. C19020; UNS No.
C19025; UNS No. C63800; UNS No. C70250; UNS No.
C70260

TABLE 2 Tensile Property Requirements and Approximate Hardness Values for Copper Alloy UNS No. C63800

Temper Tensile Strength Elongation in 2 in.
(50.8 mm), %

Approximate Rockwell HardnessA

Designation Name ksiB MPaC Rockwell B Superficial 30T

O60 soft anneal 78 max 540 max 37 min . . . . . .
O61 annealed 77–87 530–600 27–40 . . . 70–78
H01 1⁄4 hard 90–102 620–705 . . . 92–96 76–80
H02 1⁄2 hard 100–112 690–775 . . . 95–98 79–81
H03 3⁄4 hard 105–117 720–810 . . . 97–99 80–82
H04 hard 114–126 785–870 . . . 98–100 81–83
H06 extra hard 118–130 815–900 . . . 99–101 81–83
H08 spring 123–134 845–925 . . . 99–101 82–84
H10 extra spring 130 min 900 min . . . 100 min 83 min

A Hardness values shown apply only to direct determination, not converted values. They are for information only.
B ksi = 1000 psi.
C See Appendix X1.

TABLE 3 Yield Requirements for Copper Alloy UNS No. C70250

Temper Designation
Yield Strength at 0.2 % Offset

ksiA MPaB

TM00 65–90 450–620
TM02 83–110 585–760
TM03 95–120 655–825
TR02 80 min 550 min
TH03 65–85 450–585

A ksi = 1000 psi.
B See Appendix X1.

TABLE 4 Tensile and Yield Requirements for
Copper Alloy UNS No. C70260

Temper Designation
Yield Strength at 0.2 % Offset

ksiA MPaB

TM00 65–85 450–585
TM02 90–100 620–690
TM03 95–115 653–790
TM04 100–120 687–825

Tensile Strength
Temper

Designation
ksiA MPaB

TM01 90–105 620–720
A ksi = 1000 psi.
B See Appendix X1.

TABLE 5 Tensile Requirements for
Copper Alloy UNS No. C19025

Designation
Tensile Strength Elongation in 2 in.

ksiA MPaB (50.8 mm) %

HR02 63–76 435–525 9–25
HR04 72–83 495–570 5–14
HR06 78 min 540 min 4–12

A ksi = 1000 psi.
B See Appendix X1.

TABLE 6 Yield Requirements for Copper Alloy UNS No. C19010

Temper Designation Yield Strength at 0.2 % Offset

ksiA MPaB

TM03 50–65 340–450
TM04 60–75 410–515
TM06 64–79 440–545
TM08 74–89 510–610
H01 40–55 275–380
H02 54–69 370–475
H03 62–77 410–530
H04 66–81 435–555
H06 72–87 460–600
H08 78–93 520–640
H10 85–100 585–685

A ksi = 1000 psi.
B See Appendix X1.
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg · m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 422 – 03)
that may impact the use of this standard. (Approved May 1, 2004.)

(1) Added UNS No. C19020 to the Scope, chemistry to Table
1, and included Table 7 for this alloy.
(2) Revised Table 8 to include UNS No. C19020.

(3) Changed paragraph 8.4 to include UNS No. C19020.

(4) Added zinc specification to UNS No. C19025 in Table 1.

TABLE 7 Tensile Requirements for
Copper Alloy UNS No. C19020

Designation Tensile Strength Elongation in 2 in.
(50.8 mm), %

ksi MPa

HR02 58-70 400-485 5 min
HR04 65-74 450-510 3 min
HR06 71-80 490-550 3 min
HR08 77 min 530 min 2 min

TABLE 8 Electrical Resistivity and Conductivity Equivalent

Copper Alloy
UNS No.

Temper
Electrical Resistivity

at 20°C (68°F),
V · g/m2

Equivalent Con-
ductivity at 20°C
(68°F), % IACS

C63800 1.5328 10
C70250 TR02, TM00, TM02 0.3832 40
C70250 TM03 0.4258 36
C70260 TM00, TM02, TM03,

TM04
0.3832 40

C70260 TM01 0.3066 50
C19025 HR02, HR04, HR06 0.3832 40
C70250 TH03 0.3066 50
C19010 H08, H10 0.3193 48
C19010 TM03, TM04, TM06,

TM08, H03, H04,
H06

0.3066 50

C19010 H01, H02 0.2787 55 min
C19020 HR02, HR04, HR06,

HR08
0.3066 50
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Committee B05 has identified the location of selected changes to this standard since the last issue (B 422 – 99) that may
impact the use of this standard. (Approved Oct. 1, 2003.)

(1) Added UNS No. C19010 to 1.1.
(2) Moved General Requirements section to be Section 3.
(3) Added Section 4, Terminology. Subsequent sections and
section references were renumbered accordingly.
(4) Added UNS No. C19010 to 6.3.
(5) Added 8.5 and 8.5.1 for Mechanical Properties of UNS No.
C19010.
(6) Added UNS No. C19010 to 9.1 and changed the order of
alloys to agree with other sections.
(7) Added alloy numbers to Section 11.
(8) Added UNS No. C19010 to Table 1.

(9) Changed Table 3 title to Yield Requirements for Copper
Alloy UNS No. C70250.
(10) Changed Table 4 title to Yield Requirements for Copper
Alloy UNS No. C70260, added tempers of TM01, TM03, and
TM04.
(11) Added Table 6, Yield Requirements for Copper Alloy UNS
No. C19010.
(12) Renumbered Table 8, changed title to Electrical Resistiv-
ity Requirements and Conductivity Equivalent, added TM01,
TM03, and TM04 requirements for Copper Alloy UNS No.
C70260, added tempers for Copper Alloy UNS No. C19010.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 427 – 02

Standard Specification for
Gear Bronze Alloy Castings 1

This standard is issued under the fixed designation B 427; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification2 establishes requirements for alloys
whose copper alloy numbers and nominal compositions are
shown in Table 1. The castings may be furnished as one of
three types: static chill, centrifugal chill, or sand cast.

1.2 The values stated in inch-pound units are to be regarded
as the standard. Metric values given in parentheses are for
information purposes only.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.1 ASTM Standards:
B 208 Practice for Preparing Tension Test Specimens for

Copper-Base Alloys for Sand, Permanent Mold, Centrifu-
gal, and Continuous Castings3

B 824 Specification for General Requirements for Copper
Alloy Castings3

E 8 Test Methods of Tension Testing of Metallic Materials4

E 10 Test Method for Brinell Hardness of Metallic Materi-
als4

E 527 Practice for Numbering Metals and Alloys (UNS)5

3. Ordering Information

3.1 Orders for material to this specification shall include the
following information:

3.1.1 Quantity of castings required,
3.1.2 Copper Alloy UNS No. (Table 1),
3.1.3 Specification title, number, and year of issue,

3.1.4 Pattern or drawing number and casting type (Section
1),

3.1.5 Repair of castings (Section 7),
3.1.6 Certification, if specified in the purchase order (Speci-

fication B 824),
3.1.7 Foundry test report, if specified in the purchase order

(Specification B 824), and
3.1.8 Witness inspection, if specified in the purchase order

(Specification B 824).
3.2 When material is purchased for agencies of the U.S.

Government, the Supplementary Requirements of Specifica-
tion B 824 may be specified.

4. Chemical Composition

4.1 The castings shall conform to the requirements as to
chemical composition prescribed in Table 2.

4.2 These specification limits do not preclude the presence
of other elements. Limits may be established by agreement
between manufacturer or supplier and purchaser for these
unnamed elements. Copper may be given as remainder and
may be taken as the difference between the sum of all elements
analyzed and 100 %. When all the named elements in Table 2
are analyzed, their sum shall be as specified in Table 3.

5. Mechanical Properties

5.1 Mechanical properties shall be determined from sepa-
rately cast test bar castings and shall meet the requirements
shown in Table 4.

6. Dimensions, Weights, and Permissible Variations

6.1 Variations in dimensions and weights shall be as agreed
upon between the producer and the consumer but shall not be
more than 3 % in the as-cast condition.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.05 on
Castings and Ingots for Remelting.

Current edition approved Dec. 10, 2002. Published February 2003. Originally
approved in 1965. Discontinued June 2002 and reinstated as B 427 – 02. Last
previous edition approved in 1993 as B 427 – 93a.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 01.01.

TABLE 1 Nominal Composition

Copper
Alloy

UNS No.

Previously
Used

Designation

Composition, %

Copper Tin Nickel Lead
Phos-
phorus

C90800 A 87.8 12.0 ... 0 0.2
C91700 B 86.3 12.0 1.5 0 0.2
C90700 ... 87.8 11.0 ... 0 0.2
C91600 C 88.0 10.3 1.5 0 0.2
C92900 D 83.5 10.0 3.5 2.8 0.2

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



6.2 The manufacturer shall not be responsible for the
dimensional accuracy of patterns or molds furnished by the
purchaser.

7. Casting Repair

7.1 The castings shall not be repaired, plugged, welded, or
burned-in without the written approval of the purchaser.

8. General Requirements

8.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 824.

9. Sampling

9.1 Test bar casting representing sand castings in the Copper
Alloy UNS Nos. under this specification shall be cast to the
form and dimensions shown in Figs. 2, Figs. 3, or Figs. 4 of
Practice B 208.

9.2 Test bar castings representing castings produced in chill
molds of metal or graphite may be cast in open keel-block
molds of the same material as the molds used for the castings.

9.3 Separate centrifugally cast test bars shall be made in
accordance with Practice B 208.

9.4 At the manufacturer’s option test bar specimens may be
removed from centrifugal castings instead of separate centrifu-
gally cast test coupons (9.3).

10. Number of Tests
10.1 One Brinell hardness reading shall be made for each lot

of castings.

11. Test Methods
11.1 Brinell readings shall be taken on the grip end of the

tension test bar, at or within 1 in. (25.4 mm) of the casting
outside diameter, or as indicated on the purchaser’s drawing
and shall be made in accordance with Test Method E 10.

12. Certification
12.1 In the case of a product manufactured in advance and

supplied for sale from stock by the manufacturer, jobber or
other dealer, the product may upon request of the purchaser be
certified by the manufacturer as conforming to this specifica-
tion subject to the following procedure. Not less than two
tension tests, and two hardness tests, from different heats, and
not less than one chemical analysis shall be made by the
manufacturer from each day’s melt. Records of the tension test
results, hardness, and chemical analysis shall be systematically
made and maintained and shall be the basis for certification. In
lieu of the manufacturer’s certification and upon written
request by the purchaser, these records may be examined on the
manufacturer’s premises by the purchaser or his accredited
representative.

13. Keywords
13.1 bronze castings; copper-base castings; gear castings

TABLE 2 Chemical Requirements

Element
Composition, max % (Unless Shown as a Range or Minimum) Copper Alloy UNS No.

C90800A C91700A C90700A C91600A C92900A

Copper remainder remainder remainder remainder remainder
Tin 11.0–13.0 11.3–12.5 10.0–12.0 9.7–10.8 9.0–11.0
Lead 0.25 0.25 0.50 0.25 2.0–3.2
Zinc 0.25 0.25 0.50 0.25 0.25
Iron 0.15 0.20 0.15 0.20 0.20
Antimony 0.20 0.20 0.20 0.20 0.25
Nickel 0.50 1.2–2.0 0.50 1.2–2.0 2.8–4.0
Sulfur 0.05 0.05 0.05 0.05 0.05
Phosphorus 0.30 0.30 0.30 0.30 0.50
Aluminum 0.005 0.005 0.005 0.005 0.005
Silicon 0.005 0.005 0.005 0.005 0.005

A Ingot for remelting specifications vary from the ranges shown.

TABLE 3 Copper Plus Sum of All Named Elements Analyzed

Copper Alloy
UNS No.

Copper Plus Named
Elements, % min

C90800 99.4
C91700 99.4
C90700 99.4
C91600 99.4
C92900 99.3

B 427 – 02
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue that may
impact the use of this standard.

(1) Paragraph 1.1 was rewritten.
(2) The entire specification was revised to comply with
Specification B 824.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 4 Mechanical Requirements A

NOTE 1—The properties of a separate cast test specimen shall meet the followingminimumvalues:

Copper Alloy UNS Nos. C90700,
C90800, C91700

Copper Alloy UNS No.
C91600

Copper Alloy UNS Nos.
C90700, C90800, C91600,

C91700

Copper Alloy UNS No.
C92900

Static or Centrifugally Chill Cast,
ksiB (MPa)C

Static or Centrifugally Chill
Cast, ksiB (MPa)C

Sand Cast, ksiB (MPa)C Sand or Chill Cast, ksiB

(MPa)C

Tensile strength, min 50 (345) 45 (310) 35 (241) 45 (310)
Yield strength, at 0.5 % extension, min 28 (193) 25 (172) 17 (117) 25 (172)
Elongation in 2 in. (50.8 mm), min, % 12 10 10 8
Brinell-500 kg on bar or casting, min 95 85 65 75

A Test taken in accordance with Test Methods E 8.
B ksi = 1000 psi.
C See Appendix X1.

B 427 – 02
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Designation: B 428 – 93 (Reapproved 2004)

Standard Test Method for
Angle of Twist in Rectangular and Square Copper and
Copper Alloy Tube 1

This standard is issued under the fixed designation B 428; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This test method establishes the requirements for the
determination of the angle of twist in rectangular and square
copper and copper alloy tube.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Significance and Use

2.1 The rectangular or square copper alloy tube covered by
this test method may be used in applications in which control
of twist is important to proper fit in final assembly and to
minimize rework to bring the tube into compliance. It is
recognized that the amount of twist, in degrees, per increment
of length can change as a result of the weight of the product
and its length during measurement.

2.2 This test method provides a procedure for measuring the
twist in square and rectangular copper and copper alloy tubes
as a measure of the deviation from straightness.

2.3 This test method allows the purchaser and supplier or
manufacturer to inspect square and rectangular copper and
copper alloy tube with a standard technique that provides
acceptable twist in delivered tubes.

3. Apparatus

3.1 Horizontal Reference Plane(see Fig. 1 and Fig. 2) of
sufficient length to support the tube specimen and a clamping
device to hold one end of the specimen against the reference
plane.

3.2 Transparent Plastic Protractor Segmentengraved with
angle lines as shown in Fig. 3.

3.3 Parallel Face Blocks.

4. Procedure

4.1 Place the tube specimen lengthwise on the reference
plane. Whenever the specimen has noticeable edgewise curva-
ture, place the specimen so that a side having convex curvature
is in contact with the reference plane. Further placement
requirements are as follows:

4.1.1 For rectangular tube, place a major outer dimension
side (width side) against the reference plane, as shown in Fig.
1.

4.1.2 For square tube, having curvature along all edges,
place the specimen so that the side with the least convex
curvature is against the reference plane.

4.2 Clamp one end of the specimen so that the tube surface,
adjacent to that end and facing the reference plane, will be in
firm contact with this plane. Keep the other end of the
specimen free.

4.3 Position the protractor segment flush against the free
end of the specimen, as shown in Fig. 2, and measure the total
angle of twist by reading the degrees for that angle line which
most nearly coincide with the lower outside edge of the tube
end. In making this reading, keep the lower edge of the
protractor segment in contact with the reference plane or hold
it parallel to this plane by use of the parallel face blocks.

4.4 The angle of twist per unit length is the total angle of
twist for the specimen divided by its length and shall be
calculated according to the units specified in the material
specification.

5. Precision and Bias

5.1 This test method is unaffected by edgewise curvature of
the specimen, and the precision for measurement of total angle
of twist is 60.5°.

5.2 This test method has no bias because the values of twist
are a direct measurement based on the accuracy of the
protractor and the observation of the operator.

6. Keywords

6.1 angle; copper; copper alloy; rectangular; square; tube;
twist

1 This test method is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.06 on
Methods of Test.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1965. Last previous edition approved in 1998 as B 428 – 93 (1998)e1.

1
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
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This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
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Designation: B 432 – 04

Standard Specification for
Copper and Copper Alloy Clad Steel Plate 1

This standard is issued under the fixed designation B 432; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers plate of a carbon steel or
low-alloy steel base to which is integrally and continuously
bonded on one or both sides a layer of copper or copper-base
alloy. The material is generally intended for pressure vessel use
but may be used in other structural applications where corro-
sion resistance or conductivity of the alloy is of prime
importance.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The SI units given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:2

A 6/A 6M Specification for General Requirements for
Rolled Structural Steel Bars, Plates, Shapes, and Sheet
Piling

A 20/A 20M Specification for General Requirements for
Steel Plates for Pressure Vessels

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 578/A 578M Specification for Straight-Beam Ultrasonic
Examination of Plain and Clad Steel Plates for Special
Applications

B 96 Specification for Copper-Silicon Alloy Plate, Sheet,
Strip, and Rolled Bar for General Purposes and Pressure
Vessels

B 152/B 152M Specification for Copper Sheet, Strip, Plate,
and Rolled Bar

B 171/B 171M Specification for Copper-Alloy Plate and
Sheet for Pressure Vessels, Condensers, and Heat Ex-
changers

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

2.2 ASME Code:
Boiler and Pressure Vessel Code, Section VIII3

Boiler and Pressure Vessel Code, Section IX, Welding
Qualifications3

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 base metal (backing steel), n—component to which

the cladding metal is applied, usually the greater percentage of
the composite plate and usually consisting of carbon or
low-alloy steel.

3.1.2 blind flange, n—same as a cover.
3.1.3 cladding metal, n—the copper or copper-base alloy

component of the composite plate.
3.1.4 cover, n—a component with similar features to a

tubesheet which is used as a closure and which typically
requires surface machining over part of the face while main-
taining minimum specified minimum thickness.

3.1.5 double-clad, n—material is considered as double-clad
when both sides of the steel base metal are covered with copper
cladding.

3.1.6 interface, n—of the clad product, is that region of the
thickness in which the product transitions from essentially
100 % base metal to 100 % cladding metal, also referred to as
the bond or bondzone.

3.1.7 integrally and continuously bonded, adv—a condition
in which the cladding metal and base metal are brought
together to form a metallurgical bond at essentially the entire
interface of the two metals by means other than those processes
that do not produce a homogeneous composite plate.

3.1.8 plate, n—the term plate as used in this specification
applies to material 0.188 in. (4.77 mm) and over in thickness,
and over 10 in. (254 mm) in width.

3.1.9 single-clad, n—material is considered as single-clad
when only one side of the steel base metal is covered with
copper cladding.

3.1.10 tubesheet, n—a clad plate which is used in a heat
exchanger to separate the tubeside and shell side components.
Typically, but not necessarily, tubesheets are round, relatively

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1966. Last previous edition approved in 1998 as B 432 – 91 (1998).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Three Park Ave., New York, NY 10016-5990.

1

*A Summary of Changes section appears at the end of this standard.
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thick, and require that the cladding and/or base be machined
flat over part or all of the face while maintaining specified
minimum thicknesses.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Such requirements may include, but are not
limited to the following:

4.1.1 Quantity (weight or number of pieces),
4.1.2 Dimensions, including the thickness of the cladding

alloy and the backing steel, or of the total composite plate, and
if more or less restrictive thickness tolerances apply,

4.1.3 Cladding metal specification (see Section 6),
4.1.4 Base metal specification (see Section 6),
4.1.5 Advise if the part is to be used as a tubesheet, cover,

or blind flange,
4.1.6 Shear testing requirements if any (see Sections 7 and

8),
4.1.7 Restrictions, if required, on repair by welding (see

Section 11),
4.1.8 Additions to the specification or special requirements.
4.2 The purchaser is referred to the listed supplementary

requirements in this specification and to the detailed require-
ments in Specifications A 20/A 20M or A 6/A 6M as appli-
cable. If the requirements of this specification are in conflict
with the requirements of Specification A 20/A 20M or A 6/
A 6M, the requirements of this specification shall prevail.

5. Materials and Manufacture

5.1 Process:
5.1.1 The steel shall be made by the open-hearth, electric-

furnace (with separate degassing and refining optional), or
basic-oxygen processes, or by secondary processes whereby
steel made from these primary processes is remelted using, but
not limited to electroslag remelting or vacuum arc remelting
processes.

5.1.2 The cladding metal may be integrally and continu-
ously bonded to the base metal by any method that will
produce a clad steel that will conform to the requirements of
this specification.

5.1.3 Heat Treatment—Material shall be furnished in a
condition that the manufacturer determines is most appropriate,
unless a heat treatment is specified by the base metal specifi-
cation, cladding material specification, or by mutual agreement
between manufacturer and purchaser.

6. Chemical Composition

6.1 The clad plate shall conform to any combination of base
metal and cladding metal as described in 6.2 and 6.3, and as
agreed upon between the purchaser and the manufacturer.

6.2 Base Metal—The base metal may be carbon steel or
low-alloy steel conforming to the ASTM specifications for
steels for either pressure vessels or general structural applica-
tions, or other, as agreed upon by the purchaser and manufac-
turer. The base metal shall conform to the chemical require-
ments of the specification to which it is ordered.

6.3 Cladding Metal—The copper or copper-base alloy clad-
ding metal specified shall conform to the requirements as to

chemical composition prescribed in the respective cladding
metal Specifications B 96, B 152/B 152M, or B 171/B 171M,
or other copper-base alloy specification as agreed upon by the
purchaser and manufacturer.

7. Mechanical Requirements

7.1 Tensile Property Requirements:
7.1.1 Tensile tests shall be performed on the base metal

only.
7.1.2 Tensile tests shall conform to the requirements of the

Base Metal Specification.
7.2 Bond Strength Requirements:
7.2.1 Shear Strength Test—When required by the purchaser,

the minimum shear strength of the interface shall be 12 000 psi
(84 MPa). The shear test, when specified, shall be made in the
manner indicated in Fig. 1. The shear test is not applicable
when the specified minimum cladding thickness is 0.075 in.
(1.9 mm) or less.

7.2.2 Alternate Bond Strength Test—As an alternative to the
shear strength test provided in 7.2.1 or when agreed upon by
the purchaser and the manufacturer, three bend tests shall be
made with the alloy cladding in compression to determine the
quality of the bond. These bend tests shall be made using 1.5
in (38 mm) wide by full thickness specimens and shall be bent
through an angle of 180° to the bend diameters provided for in
the base metal specification. At least two of the three tests shall
show not more than 50 % separation on both edges of the bent
portion. Greater separation shall be cause for rejection. The
bond strength bend test is generally not recommended for
cladding thicknesses where the shear test is applicable.

7.3 Test specimens may be taken at the manufacturer’s
option from the excess portion of the material after the final cut
to size or from separate pieces produced from the same heat
under the same manufacturing conditions.

7.4 Additional mechanical tests may be performed. See
Supplementary Requirements.

SI Equivalents

in. mm in. mm

0.005 0.127 1 25.4
1⁄8 3.18 21⁄2 63.5
3⁄4 19.1 3 76.2

FIG. 1 Test Specimen and Method of Making Shear Test
of Clad Plate

B 432 – 04
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8. Number of Tests and Retests

8.1 One or more tension tests, as required by the base metal
specification, and when specified, one shear test or three bond
strength bend tests, as applicable, shall be made, representing
each manufacturing lot. Each specimen shall be in the final
condition of heat treatment required for the plate, including any
SPWHT (Simulated Post Weld Heat Treatment) if required,
Supplementary Requirement S3. A manufacturing lot shall be
defined as all product from each base plate as-rolled which is
clad under the same conditions.

8.2 If any test specimen shows defective machining or
develops flaws, it may be discarded and another specimen
substituted.

9. Test Specimens

9.1 The tension test specimens shall conform to the require-
ments prescribed in the specifications for the base metal.

9.2 When required by the purchaser, the shear test specimen
shall be taken near a top or bottom corner of the plate as rolled,
parallel to its longitudinal axis, or other location that is
representative of the final product.

9.3 Bend test specimens for the alternative bond strength
tests shall be taken at right angles to its longitudinal axis.

10. Product Analysis

10.1 Product analysis may be performed on the cladding
metal, the base metal, or both, as specified in the contract.

10.2 When product analysis is specified for the cladding
alloy on finished product, the chemical analysis may be
accomplished by wet chemical or instrumental procedures. If
wet chemical procedures are used, millings may be taken only
when the composite plate thickness is sufficient to permit
obtaining millings without danger of contamination from the
adjacent layer. If spectrometric procedures are used, the sample
shall be exposed on the center line of the cladding when there
is sufficient cladding thickness available so that there is no
contamination from the adjacent base metal.

10.3 If product analysis is specified by the purchaser for the
cladding alloy, it shall be made on a sample taken from the
finished product or a broken test specimen. For wet chemical
analysis, in order to avoid contamination by the base plate
metal, millings of cladding samples shall be taken from the test
coupon by removal and discard of all the base metal plus 40 %
of the cladding thickness from the bonded side, not to exceed
0.063 in. (1.6 mm). The material shall be cleaned and sufficient
millings taken to represent the full cross-section of the remain-
der.

10.4 The results of the product analysis shall conform to the
requirements of the cladding metal and base metal specifica-
tions, as applicable.

10.5 Results of the product analysis for the backing steel
when required shall conform to the requirements of Section 7
of Specification A 20/A 20M or A 6/A 6M, as applicable.

11. Dimensions and Permissible Variations

11.1 Unless otherwise specified herein, permissible varia-
tions except for thickness shall be in accordance with Specifi-
cation A 20/A 20M or A 6/A 6M as applicable based on the
base metal specification.

11.2 Minimum thickness of the alloy cladding metal and of
the backing steel, or of the total composite plate, shall be as
required by purchase order documents when ordered to mini-
mum thickness.

11.3 Permissible variation in thickness when ordered to
nominal thicknesses shall be 0.01 in. (0.3 mm) under each for
backing steel or total composite, and 0.03 in. (0.8 mm) under
for the alloy cladding.

11.4 Permissible variations for excess thickness of the total
composite shall be the greater of 0.125 in. (3 mm) or 10 % of
the total composite thickness ordered and may occur in either
backing steel, cladding, or both, provided the minimum for
each is met.

11.5 When the product is specified for use as tubesheets,
covers, or blind flanges in the ordering information, the flatness
tolerances of Table 1 shall apply, otherwise flatness shall be in
accordance with A 20/A 20M or A 6/A 6M as applicable based
on the base metal specification.

11.6 When the product is specified for use as tubesheets,
covers, or blind flanges in the ordering information and a
machined edge condition is specified, the diameter tolerances
of Table 2 shall apply.

11.7 More restrictive or less restrictive permissible varia-
tions may be agreed upon by the purchaser and the manufac-
turer.

12. Workmanship, Finish and Appearance

12.1 The material shall be free of injurious defects and shall
have a workmanlike appearance.

12.2 Unless otherwise specified, the clad surface may be
supplied as-rolled, ground, blasted (descaled by means of sand,
grit, shot or wire followed by pickling), or 100 % conditioned.

13. Bond Quality

13.1 The cladding metal shall be integrally and continu-
ously bonded to the base metal.

TABLE 1 Flatness Tolerances for Tube Sheets, Clad One Side Only A

Total Thickness, in. (mm)

Maximum Deviation from True FlatnessB for a Given Diameter, Width, or Length, in. (mm)

To 48 (1219)
Over 48 (1219)

to 72 (1829)
Over 72 (1829)

to 96 (2438)
Over 96 (2438)
to 120 (3048)

Over 120
(3048)

To 21⁄2 (63.5) 1⁄8 (3.18) 1⁄8 (3.18) 3⁄16 (4.76) 1⁄4 (6.35) 1⁄2 (12.7)
Over 21⁄2 (63.5) to 4 (102) 1⁄8 (3.18) 1⁄8 (3.18) 1⁄4 (6.35) 1⁄2 (12.7) 1⁄2 (12.7)
Over 4 (102) to 6 (152) 1⁄8 (3.18) 1⁄4 (6.35) 3⁄8 (9.52) 1⁄2 (12.7) 1⁄2 (12.7)
Over 6 (152) to 8 (203) 3⁄16 (4.76) 3⁄8 (9.52) 1⁄2 (12.7) 1⁄2 (12.7) 1⁄2 (12.7)

A Two side clads by special arrangement.
B Measured distance from an imaginary plane representing the best fit to the part surface. Measurement methods may include, but are not limited to, planar grids, planar

redial wheels, setup on a machining table, or laser surveying.
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13.2 Inspection:
13.2.1 Clad plates less than 0.375 in. (9.5 mm) total

minimum composite thickness shall be visually inspected for
bond integrity prior to shipment.

13.2.2 Clad plates 0.375 in. (9.5 mm) and thicker total
minimum composite thickness shall be ultrasonically inspected
for bond integrity prior to shipment in accordance with the
procedures and methods of Specification A 578/A 578M.

13.2.3 Areas of non-bond detected visually in 13.2.1 shall
be explored ultrasonically to determine the extent of the
condition per 13.2.2. For purposes of defining non-bond, the
cladding shall be interpreted to be non-bonded when there is
complete loss of back reflection accompanied by an echo
indication from the plane of the interface of the clad and
backing steel. Areas within 1 in. (25 mm) of a cut edge on the
plate that contain indications exceeding 50 % of the back
reflection at the bond interface shall be considered to be
non-bonded.

13.2.4 The extent of ultrasonic examination shall be at the
discretion of the manufacturer and sufficient to provide the
quality level in 13.3 specified by the purchaser. Plates shall be
examined with 100 % coverage when Supplementary Require-
ment S1 is specified.

13.3 Quality Levels:
13.3.1 Class A—No single unbonded area exceeding 1 in.

(25 mm) in its longest dimension with total unbonded area not
to exceed 1 % of the total clad surface area.

13.3.2 Class B—No single unbonded area exceeding 3 in.
(75 mm) in its longest dimension with total unbonded area not
to exceed 3 % of the total clad surface area.

13.3.3 Class C—No single unbonded area exceeding 9
in.2 (58 cm2) with total unbonded area not to exceed 5 % of the
total clad surface area.

13.3.4 The Class to be supplied shall be listed on the
purchase order. When none has been specified, plates shall be
furnished as Class C.

14. Rework of Cladding by Welding

14.1 The material manufacturer may rework defects in
cladding by welding provided the following requirements are
met:

14.1.1 When specified in the purchase order, prior approval
shall be obtained from the purchaser.

14.1.2 The welding procedure and the welders or welding
operators shall be qualified in accordance with ASME BPV
Code Section IX, as applies to overlays.

14.1.3 The defective area shall be removed, and the area
prepared for rework shall be examined by a liquid penetrant
method compliant with ASME Code Section VIII, Division 1,
Appendix 8, to ensure all defective area has been removed.

14.1.4 The rework weld shall be deposited in accordance
with a welding procedure and welding materials suitable for
the cladding material. The surface condition of the reworked
area shall be restored to a condition similar to the rest of the
cladding.

14.1.5 The reworked area shall be examined by a liquid
penetrant method in accordance with ASME Code Section
VIII, Division 1, Appendix 8.

14.1.6 The location and extent of the weld rework together
with the rework procedure and examination results shall be
transmitted as a part of the certification.

14.2 The material manufacturer may repair defects in the
base metal by welding provided repairs are permitted in the
base metal specification and are made in accordance with that
specification.

15. General Requirements for Delivery

15.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification A 6/A 6M or A 20/A 20M as appropriate for the
backing metal.

15.2 In the event of conflicts between this specification and
the general delivery requirement specification for the backing
steel, this specification shall apply.

16. Certification

16.1 The chemical analysis of the base metal and the alloy
cladding shall be certified to the purchaser by the clad plate
manufacturer.

16.2 The results of the tests in Section 7 and any other tests
required by the purchase order shall be reported to the
purchaser.

16.3 Compliance with the clad quality level of 13.3 shall be
certified. Reports shall include the results of ultrasonic inspec-
tion when Supplementary Requirement S.1 is specified.

17. Product Marking

17.1 Except as specified in 17.2, plates shall be marked in
accordance with the requirements of Specification A 6/A 6M or
A 20/A 20M for the backing steel as applicable, the cladding
alloy designation, and this specification number.

17.2 For double-clad material or for material under 0.375 in.
(9.5 mm) nominal in thickness or for clad plates provided with
conditioned surfaces, the marking specified in 17.1 shall be
legibly stenciled instead of stamped.

18. Keywords

18.1 bond strength; clad; cladding; clad steel plate; copper;
copper-base alloy; steel

TABLE 2 Outside Diameter Tolerances for Tubesheets, Covers,
or Blind Flanges when a Machined OD is Specified

Diameter Tolerance, 6

Under 60 in. (1.52 m) 0.06 in. (1.5 mm)
60.0 to 84.0 in. (1.52 to 2.14 m) 0.12 in. (3.2 mm)
>84.0 in. (>2.13 m) 0.25 in. (6.4 mm)
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SUPPLEMENTARY REQUIREMENTS

Supplementary requirements shall not apply unless specified on the order.

S1. Ultrasonic Inspection of 100 % of Surface

S1.1 Ultrasonic inspection shall be performed with scanning
over 100 % of the plate surface.

S2. Product Analysis

S2.1 A product analysis shall be made on either the cladding
metal, base metal, or both as specified in the purchase order.

S2.2 Testing shall be in accordance with Section 10 unless
Section S2.4 applies.

S2.3 The testing frequency shall be agreed upon between
purchaser and manufacturer.

S2.4 Product verification by Positive Metal Identification
(PMI) techniques may be used as an alternate to the require-
ments of Section 10 when mutually agreed upon.

S3. Simulated Post-Weld Heat Treatment of Mechanical
Test Coupons

S3.1 Prior to testing, the test specimens representing the
plate for acceptance purposes for mechanical properties shall

be thermally treated to simulate a post-weld heat treatment ,
using the heat treatment parameters (such as temperature
range, time, and cooling rates) specified in the order. The test
results for such heat-treated test specimens shall meet the
applicable product specification requirements.

S4. Charpy V-Notch Impact Test

S4.1 Charpy V-notch impact tests shall be conducted in
accordance with Supplementary Requirement S5 of A 6 or
A 20, as applicable for the base metal specification.

S5. Ultrasonic Examination of Base Metal for Soundness
in Accordance with Specification A 578/A 578M

S5.1 All plates shall be ultrasonically examined for base
metal soundness in accordance with the requirements of
A 578/A 578M. The acceptance level shall be specified in the
order.

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which, when applied to a body having a mass of one
kilogram, gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2) which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 432 – 91
(1998)) that may impact the use of this standard. (Approved May 1, 2004.)

(1) Revised Scope, Referenced Documents, and Terminology
sections.
(2) Added mandatory ultrasonic testing requirements.
(3) Added an alternative bond strength test (bend test).
(4) Added weld rework criteria.
(5) Added product analysis criteria.

(6) Deleted the flatness table for plates, defaulting to the
applicable steel flatness tables.

(7) Deleted unique test specimens, defaulting to the applicable
steel tests.

(8) Deleted other unnecessary or obsolete sections.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 441 – 04

Standard Specification for
Copper-Cobalt-Beryllium, Copper-Nickel-Beryllium, and
Copper-Nickel-Lead-Beryllium Rod and Bar (UNS Nos.
C17500, C17510, and C17465)1

This standard is issued under the fixed designation B 441; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes the requirements for
copper-cobalt-beryllium alloy (UNS No. C17500), copper-
nickel-beryllium alloy (UNS No. C17510), and copper-nickel-
lead-beryllium alloy (UNS No. C17465) rod and bar in straight
lengths.

1.2 Units—The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units, which are provided for
information only and are not considered standard.

1.3 The following hazard statement pertains only to the test
method portions of this specification:This standard does not
purport to address all of the safety concerns, if any, associated
with its use. It is the responsibility of the user of this standard
to establish appropriate safety and health practices and
determine the applicability of regulatory limitations prior to
use.

2. Referenced Documents

2.1 ASTM Standards:2

B 193 Test Method for Resistivity of Electrical Conductor
Materials

B 194 Specification for Copper-Beryllium Alloy Plate,
Sheet, Strip and Rolled Bar

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes and
Forgings

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast

B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials

E 1004 Practice for Determining Electrical Conductivity
Using the Electromagnetic (Eddy-Current) Method

3. General Requirements

3.1 The following sections of Specification B 249/B 249M
constitute a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Dimensions and Permissible Variations,
3.1.4 Workmanship, Finish, and Appearance,
3.1.5 Sampling,
3.1.6 Number of Tests and Retests,
3.1.7 Specimen Preparation,
3.1.8 Test Methods,
3.1.9 Significance of Numerical Limits,
3.1.10 Inspection,
3.1.11 Rejection and Rehearing,
3.1.12 Certification,
3.1.13 Test Report,
3.1.14 Packaging and Package Marking, and
3.1.15 Supplementary Requirements.
3.2 In addition, when a section with a title identical to one

of those referenced in 3.1 appears in this specification, it
contains additional requirements that supplement those appear-
ing in Specification B 249/B 249M.

4. Terminology

4.1 For definition of terms related to copper and copper
alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Include the following information in orders for product:
5.1.1 ASTM designation and year of issue,
5.1.2 Copper alloy designation,
5.1.3 Temper (Section 7 and Table 1 and Table 2),
5.1.4 Form of product (cross section such as round, hexago-

nal, octagonal, rectangular, or square),

1 This practice is under the jurisdiction of ASTM Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod, Bar,
Wire, Shapes, and Forgings.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1966. Last previous edition approved in 2002 as B 441 – 02.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.
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5.1.5 Dimensions (diameter or distance between parallel
surfaces),

5.1.6 Edge contours,
5.1.7 Length,
5.1.8 Quantity; total weight, footage or number of pieces for

each form, temper, size, and copper alloy, and
5.1.9 When product is purchased for agencies of the U.S.

government.
5.2 The following are options available under this specifi-

cation and should be included in the contract or purchase order
when required:

5.2.1 Heat identification or traceability details (Specifica-
tion B 249/B 249M),

5.2.2 Tensile strength test (9.1),
5.2.3 Certification (Specification B 249/B 249M), and
5.2.4 Mill test report (Specification B 249/B 249M).

6. Chemical Composition

6.1 The material shall conform to the compositional limits
given in Table 4 for the copper alloy designated in the ordering
information.

6.1.1 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

6.2 Copper, listed as the “remainder” is the difference
between the sum of results for all elements determined and
100 %.

6.3 When all elements specified in Table 4 for the copper
alloy designated in the ordering information are determined,
the sum of results shall be 99.5 % min.

7. Temper

7.1 Tempers, as described in Classification B 601, available
under this specification are: TB00 (solution heat treated (A)).
TF00 (precipitation hardened (AT)), TD04 (solution heat
treated and cold worked: hard (H)), and TH04 (hard and
precipitation heat treated (HT)).

NOTE 1—Although not produced under this specification, non-standard
tempers are available by special order and the properties of such product
are subject to negotiation between the manufacturer and the purchaser.

TABLE 1 Tensile Strength and Rockwell Hardness Requirements for Rod and Bar A

Temper Designation As Supplied

Standard Former
Tensile

Strength,
ksiB(MPaC)

Rockwell Hard-
ness, B Scale

Electrical
Conductivity
IACS min, %

TB00 solution heat-treated (A) 35–55 (240–380) 50 max 20
TD04 solution heat-treated and cold-worked: hard (H) 65–80 (450–550) 60–80 20

After Precipitation Heat Treatment

TF00 precipitation hardened (AT) 100–130 (690–895)D 92–100 45
TH04 hard and precipitation heat-treated (HT) 110–140 (760–965)D 95–102 48

A These values apply to mill products. See Section 8 for exceptions in end products.
B ksi = 1000 psi.
C See Appendix.
D The upper limits in the tensile strength column are for design guidance only.

TABLE 2 Precipitation Heat-Treatment Time for Acceptance Tests

Temper Designation Copper Alloy UNS
No. C17500 At

900°F (482°C), h

Copper Alloy UNS
No. C17510 At

850°F (454°C)A or
900°F (482°C)A, h

Standard Former

TB00 solution heat-treated (A) 3 3
TD04 solution heat-treated and cold-worked: hard (H) 2 2

A Specific temperature used must conform with supplier’s certification.

TABLE 3 Tensile Strength and Rockwell Hardness Requirements for Rod and Bar (C17465) A

Temper Designation As Supplied

Standard Former Tensile Strength,
ksiB (MPa)C

Rockwell Hardness,
B Scale

Electrical Conductivity
IACS min, %

TH04 hard and precipitation heat-treated (HT) 125–145 (860–1000)D 95 min 44
A These values apply to mill products. See Section 8 for exceptions in end products.
B ksi = 1000 psi.
C See Appendix.
D The upper limits in the tensile strength column are for design guidance only.

TABLE 4 Chemical Composition

Concentration, %

Element
Copper Alloy
UNS No.
C17500

Copper Alloy
UNS No.
C17510

Copper Alloy
UNS No.
C17465

Beryllium 0.4–0.7 0.2–0.6 0.15–0.50
Cobalt 2.4–2.7 0.3 max ...
Nickel ... 1.4–2.2 1.0–1.4A

Iron, max 0.10 0.10 0.20
Aluminum, max 0.20 0.20 0.20
Silicon, max 0.20 0.20 0.20
Tin, max ... ... 0.25
Zirconium, max ... ... 0.50
Lead ... ... 0.20–0.6
Copper remainder remainder remainder

A Incl. Co.
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8. Physical Property Requirements

8.1 Electrical Conductivity:
8.1.1 Product furnished to this specification shall conform

to the electrical conductivity requirement given in Table 1 for
the applicable temper, when tested in accordance with Test
Method E 1004 for product equal to and greater than3⁄8 in.
(9.52 mm) in nominal diameter or distance between parallel
surfaces and other shapes having a nominal cross sectional area
exceeding 0.141 in.2 (91 mm2). On product less than3⁄8 in. (9.5
mm) in nominal diameter or distance between parallel surfaces
and other shapes having a nominal cross sectional area less
than 0.141 in.2 (91 mm2), resistivity will be measured in
accordance with Test Method B 193 and converted to conduc-
tivity.

9. Mechanical Property Requirements

9.1 Tensile test results shall be the product acceptance
criteria, when tested in accordance with Test Methods E 8 for
product equal to or less than3⁄8 in. (9.5 mm) in nominal
diameter or distance between parallel surfaces, and other
shapes having a nominal cross sectional area equal to or less
than 0.141 in.2 (91 mm2).

9.1.1 Tensile strength requirements are given in Table 1.
9.2 Rockwell hardness is the product acceptance criteria,

when tested in accordance with Test Methods E 18 for product
larger than3⁄8 in. (9.5 mm) in nominal diameter or distance
between parallel surfaces, and other shapes having a nominal
cross sectional area larger than 0.141 in.2 (91 mm2).

9.2.1 The referee product rejection criteria shall be tensile
test results, when tested in accordance with Test Methods E 18.

9.3 The tension test will be used for qualification of all
material when specifically required by the purchaser, as in
some government requirements.

10. Precipitation Heat-Treatment

10.1 The precipitation heat-treatment is performed on TB00
(A) and TD04 (H) tempers by the purchaser after forming.

10.2 Conformance to the TF00 (AT) and TH04 (HT) speci-
fication limits shown in Table 1, for products supplied in the
TB00 (A) or the TD04 (H) tempers, shall be determined by
testing test specimens heat-treated at a uniform temperature of
850 to 900°F for the times shown in Table 2.

10.3 End products may be heat-treated at other times and
temperatures for specific applications. These special combina-

tions of properties such as increased ductility, dimensional
accuracy, and endurance strength may be obtained by special
precipitation-hardening heat treatments. The mechanical re-
quirements of Table 1 do not apply to such special heat
treatment. Specific test requirements as needed shall be agreed
upon between the manufacturer or the supplier and the pur-
chaser of the end product.

10.4 TF00 (AT) and TH04 (HT) tempers as standard mill-
hardened products have been precipitation heat-treated and
tested by the manufacturer. An appropriate time and tempera-
ture has been used to produce properties within the specifica-
tion limits shown in Table 1. Table 2 does not apply. Further
thermal treatment of these tempers is not normally required.

10.5 Material may be supplied with nonstandard properties.
Table 1 values would not apply. Specific test requirements as
needed shall be agreed upon between the manufacturer or the
supplier and the purchaser of these end products.

11. Number of Tests and Retests

11.1 Retests:
11.1.1 Refer to Specification B 249/B 249M with the fol-

lowing additional requirements:
11.1.2 Material that fails to conform to the requirements of

this specification due to inadequate heat-treatment may be
heat-treated subsequently and submitted for test. Only two
such subsequent treatments shall be permitted.

12. Test Methods

12.1 Chemical Analysis:
12.1.1 The chemical composition shall be determined, in

case of dispute, in accordance with the applicable method in
the Annex of Specification B 194.

12.1.2 The test method(s) to be followed for the determina-
tion of element(s) resulting from contractual or purchase order
agreement shall be as agreed upon between the supplier and the
purchaser.

12.2 Mechanical Property Requirements:
12.2.1 In case of dispute over Rockwell hardness test

results, the rejection criteria shall be tensile test results, when
tested in accordance with Test Methods E 8.

13. Keywords

13.1 beryllium copper bar; beryllium copper rod; UNS
C17500 bar; UNS C17500 rod; UNS C17510 bar; UNS
C17510 rod; UNS C17465 bar; UNS C17465 rod
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 441 – 02)
that may impact the use of this standard. (Approved May 1, 2004.)

(1) Added UNS Alloy No. C17465. (2) Added Table 3.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 447 – 02

Standard Specification for
Welded Copper Tube 1

This standard is issued under the fixed designation B 447; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for
welded copper tube with a longitudinal seam free of filler metal
produced from sheet or strip of the following coppers:

Copper UNS Nos. Type of Copper

C10100 Oxygen-free electronic
C10200 Oxygen-free
C10300 Oxygen-free, extra low phosphorus
C10800 Oxygen-free, low phosphorus
C11000 Electrolytic tough pitch
C12000 Phosphorus deoxidized, low residual phosphorus
C12200 Phosphorus deoxidized, high residual phosphorus
C14200 Phosphorus deoxidized, arsenical

1.2 Unless otherwise specified in the contract or purchase
order, product furnished of any listed copper, with the excep-
tion of copper C11000, shall be considered acceptable.

1.2.1 Copper C11000 welded tube shall not be used in
applications where hydrogen embrittlement during heating is a
concern.

1.3 Values stated in inch-pound units are the standard except
for grain size which is given in SI units. Values given in
parentheses are for information only.

1.4 The following hazard caveat pertains only to Section 15
of this specification:This standard does not purport to address
all of the safety concerns, if any, associated with its use. It is
the responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
2.1.1 The following documents in the current issue of the

Annual Book of ASTM Standardsform a part of this specifi-
cation to the extent referenced herein:

B 153 Test Method for Expansion (Pin Test) of Copper and
Copper-Alloy Pipe and Tubing2

B 170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes2

B 193 Test Method for Resistivity of Electrical Conductor
Materials3

B 577 Test Methods for Detection of Cuprous Oxide (Hy-
drogen Embrittlement Susceptibility) in Copper2

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 3 Guide for Preparation of Metallographic Specimens4

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry6

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)6

E 112 Test Methods for Determining the Average Grain
Size4

E 193 Specification for Laboratory Glass Micropipets7

E 243 Practice for Electromagnic (Eddy-Current) Examina-
tion of Copper and Copper-Alloy Tubes8

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition6

3. Terminology

3.1 Definitions:
3.1.1 For definitions of terms related to copper and copper

alloys refer to Terminology B 846.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 capable of—the test need not be performed by the

manufacturer or the producer; however, if subsequent testing
by the purchaser establishes that the product does not meet
these requirements, the product shall be subject to rejection.

3.2.2 flash—the metal that protrudes at the weld, both inside
and outside of the tube, as a result of the pressure applied when
a forge-type seam is produced. The two types of flash are
internal flash and external flash.

3.2.3 lengths, mill—straight lengths, including ends, that are

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 447 – 67. Last previous edition B 447 – 00.

2 Annual Book of ASTM Standards, Vol 02.01.

3 Annual Book of ASTM Standards, Vol 02.03.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.06.
7 Annual Book of ASTM Standards, Vol 14.04.
8 Annual Book of ASTM Standards, Vol 03.03.

1

*A Summary of Changes section appears at the end of this standard.
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conveniently manufactured in the mills.
3.2.3.1 Discussion—Full-length pieces are usually 10, 12,

or 20 ft and subject to established length tolerances.
3.2.4 lengths, multiple—straight lengths of integral mul-

tiples of a base length, with a suitable allowance for cutting, if
and when specified.

3.2.5 lengths, stock—straight lengths that are mill cut and
stored in advance of orders.

3.2.5.1 Discussion—Stock lengths are usually 6 to 20 ft and
subject to established tolerances.

3.2.6 scarfing—the removal of flash by a cutting operation.
3.2.7 tube—a hollow product of round or any other cross

section, having a continuous periphery.

4. Classification

4.1 The following types of welded tube are manufactured
under this specification:

4.1.1 As-Welded—A condition created as a result of forming
sheet or plate into tubular form and welding without subse-
quent heat treatment or cold work.

4.1.2 Welded and Annealed—Welded tube annealed to pro-
duce a uniform grain size appropriate to the specified annealed
temper.

4.1.3 Welded and Cold Drawn—Welded tube with internal
and external flash removed by scarfing or the internal flash
displaced and subsequently cold drawn to conform to a
specified temper.

4.1.4 Fully Finished:
4.1.4.1 Welded tube with internal and external flash re-

moved by scarfing and subsequently cold drawn over a
mandrel and annealed as necessary to conform to the specified
temper.

4.1.4.2 Welded tube that has been mechanically worked
smooth without the need for internal or external scarfing or
other metal removal and subsequently cold drawn over a
mandrel and annealed as necessary to conform to the specified
size and temper.

5. Ordering Information

5.1 Contract or purchase orders for product under this
specification shall include the following information:

5.1.1 Specification designation and year of issue,
5.1.2 Copper designation (for example, C10300),
5.1.3 Tube type (Section 4),
5.1.4 Internal flash treatment (see 6.2.4),
5.1.5 Temper (Section 8),
5.1.6 Dimensions; diameter, wall thickness, length, and so

forth (Section 16),
5.1.7 How furnished; straight length or coil,
5.1.8 Quantity; total weight or number of pieces or coils

each copper, tube type, size, and temper, and
5.1.9 When product is purchased for electrical conductor

application (Section 10).
5.2 The following are options available under this specifi-

cation and shall be specified in the contract or purchase order
when required:

5.2.1 Heat identification or traceability details (see 6.1.2),
5.2.2 Microscopical examination microphotographs (see

12.1.1),

5.2.3 Hydrogen embrittlement susceptibility test (Section
13),

5.2.4 Hydrostatic test (see 15.3),
5.2.5 Pneumatic test (see 15.4),
5.2.6 Certification (Section 25), and
5.2.7 Mill test report (Section 26).

6. Material and Manufacture

6.1 Material:
6.1.1 The material shall be sheet or strip of the copper

specified in the ordering information and shall be of such
soundness as to be suitable for the production of the products
described herein.

6.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 1—Because of the discontinuous nature of the processing of
castings into wrought products, it is not always practical to identify a
specific casting analysis with a specific quantity of finished material.

6.2 Manufacture:
6.2.1 The welded tube shall be manufactured from either

cold-rolled or annealed sheet or strip. The sheet or strip shall be
formed into a tubular shape on a suitable forming mill.

6.2.2 Welding shall be accomplished by any process that
produces forge or fusion welds leaving no crevice in the weld
seam visible to the unaided eye.

6.2.2.1 Forge-Welded Tube—The edges of the strip shall be
heated to the required welding temperature, usually by a
high-frequency electric current and be pressed firmly together
causing a forged-type joint to be formed with internal and
external flash.

6.2.2.2 Fusion-Welded Tube—The edges of the strip shall be
brought together and welded, usually by a GTAW welding
process, without the addition of filler metal, causing a fusion-
type joint to be formed with no internal or external flash.

6.2.3 Flash Removal—The external flash of forge welded
tube shall be removed by scarfing and the internal flash shall be
treated by one of the following techniques:

6.2.3.1 IFI—Internal flash to remain in the as-welded con-
dition.

6.2.3.2 IFR—Internal flash to be removed by scarfing.
6.2.3.3 IFD—Internal flash displaced by rolling or drawing.
6.2.4 Unless otherwise specified in the contract or purchase

order, the welded tube shall be furnished with the internal flash
in the IFI condition.

7. Chemical Composition

7.1 The material shall conform to the compositional require-
ments listed in Table 1 for the copper specified.

7.1.1 The composition limits do not preclude the presence
of other elements. When limits for unnamed elements are
required, they shall be established and analysis required by
agreement between the manufacturer and the purchaser.

8. Temper

8.1 Tempers, as defined in Classification B 601, of the
various tube types are as follows:

8.1.1 As-Welded:
8.1.1.1 As-welded from annealed strip WM50,
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8.1.1.2 As-welded from half hard strip WM02, and
8.1.1.3 As-welded from hard strip WM04.
8.1.2 Welded and Annealed:
8.1.2.1 Welded and soft annealed W060, and
8.1.2.2 Welded and light annealed W050.
8.1.3 Welded and Cold Drawn:
8.1.3.1 Welded and drawn eighth hard WH00,
8.1.3.2 Welded and drawn half hard WH02, and
8.1.3.3 Welded and hard drawn WH04.
8.1.4 Fully Finished:
8.1.4.1 Fully finished, soft annealed O60,
8.1.4.2 Fully finished, light annealed O50,
8.1.4.3 Fully finished, light drawn H55,
8.1.4.4 Fully finished, drawn general purpose H58, and
8.1.4.5 Fully finished, hard drawn H80.

9. Property Requirements of Annealed Welded Tube and
Annealed Fully Finished Welded Tube

9.1 The average grain size shall be within the limits speci-
fied in Table 2.

9.1.1 Grain size shall be the standard test for all annealed
tempers and acceptance or rejection shall depend only upon
grain size test results when tested in accordance with Test
Methods E 112.

10. Physical Property Requirements

10.1 Electrical Mass Resistivity:
10.1.1 When specified in the contract or purchase order,

product purchased for electrical conductor applications shall

conform to the requirements of Table 3 for the copper and
temper specified in the ordering information when tested in
accordance with Specification E 193.

NOTE 2—The International Annealed Copper Standard electrical con-
ductivity equivalents are given in Appendix X2.

11. Mechanical Property Requirements

11.1 Tensile Strength:
11.1.1 As welded, welded and cold drawn, and fully fin-

ished tube in drawn tempers shall conform with the tensile
strength requirements prescribed in Table 4 when tested in
accordance with Test Methods E 8.

11.1.1.1 Tensile test results shall be the criteria for rejection
based upon mechanical properties.

11.2 Rockwell Hardness:
11.2.1 Rockwell hardness values given in Table 2 and Table

4 are for general information and assistance in testing and shall
not be used as a basis for product rejection.

NOTE 3—The Rockwell hardness test offers a quick and convenient
method for checking general conformity to the specification requirements
for temper, grain size, and tensile strength.

12. Microscopical Examination

12.1 Tubes produced of coppers C10100, C10200, C10300,
and C12000 shall be significantly free of cuprous oxide when
tested in accordance with Test Method A of Test Methods
B 577.

12.1.1 When specified in the ordering information, micro-
photographs of the manufacture’s test specimens shall be
provided (see 5.2.1).

13. Hydrogen Embrittlement Susceptibility

13.1 When specified in the ordering information, tube
produced of coppers C10100, C10200, C10300, C10800,
C12000, C12200, and C14200 shall be significantly free of
cuprous oxide when examined in accordance with Test Method
B of Test Methods B 577.

14. Expansion Test Requirement for Round Tube

14.1 Product in annealed tempers shall be capable of being
expanded as follows when tested in accordance with Test
Method B 153:

Outside Diameter
in. (mm)

Expansion of Outside Diameter,
Percent (%)

Up to 3⁄4 (19.0) and under 40
Over 3⁄4 (19.0) 30

14.1.1 The expanded tube area shall show no cracks or
ruptures visible to the unaided eye.

TABLE 1 Chemical Requirements

Copper
UNS No.

Composition, %

Copper,A min
Phosphorus Arsenic

Min Max Min Max

C10100 99.99B,C ... ... ... ...
C10200 99.95D ... ... ... ...
C10300 99.95E 0.001 0.005 ... ...
C10800 99.95E 0.005 0.012 ... ...
C11000 99.90 ... ... ... ...
C12000 99.90 0.004 0.012 ... ...
C12200 99.9 0.015 0.040 ... ...
C14200 99.4 0.015 0.040 0.15 0.50

A Copper (including silver).
B This value is exclusive of silver and shall be determined by difference of

“impurity total” from 100 %. “Impurity total” is defined as the sum of sulfur, silver,
lead, tin, bismuth, arsenic, antimony, iron, nickel, zinc, phosphorus, selenium,
tellurium, manganese, cadmium, and oxygen present in the sample.

C Impurity maximums for C10100 shall be: antimony 4, arsenic 5, bismuth 1,
cadmium 1, iron 10, lead 5, manganese 0.5, nickel 10, oxygen 5, phosphorus 3,
selenium 3, silver 25, sulfur 15, tellurium 2, tin 2, and zinc 1.

D Oxygen in C10200 shall be 10 ppm max.
E Copper + silver + phosphorus.

TABLE 2 Property Requirements of Annealed Welded Tube and Annealed Fully Finished Welded Tube

Temper
Outside Diameter,

in.
Wall Thickness,

in. (mm)

Rockwell HardnessA
Average Grain

Size, mmScale Value

Soft anneal, (O60) all 0.016 (0.406)–0.035 (0.889), incl. 15T 60 max 0.040 min
over 0.035 (0.889) F 50 max 0.040 min

Light anneal, (O50) all 0.016 (0.406)–0.035 (0.889), incl. 15T 65 max 0.040 max
over 0.035 (0.889) F 55 max 0.040 max

A Rockwell hardness value shall apply only to tube having a wall thickness 0.016 in. (0.406 mm) or over and to tube having an inside diameter of 5⁄16 in. (7.94 mm) or
over. For all other tube, no Rockwell values shall apply. Rockwell hardness tests shall be made on the inside surface of the tube. If suitable equipment is not available for
determining the specified Rockwell hardness requirements in this specification, then other Rockwell scales and values shall be specified, subject to agreement between
manufacturer, or supplier and purchaser. On welded and annealed tube, the Rockwell hardness test shall not be taken at the weld.
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15. Nondestructive Testing

15.1 Each tube shall be subjected to an electromagnetic
(eddy-current) examination.

15.1.1 Fully finished tube shall be tested in either the final
drawn or annealed temper or in the drawn temper before the
final anneal unless otherwise agreed upon between the manu-
facturer and the purchaser.

15.1.2 Welded and annealed tube shall be tested in the
as-welded condition before annealing, unless otherwise agreed
upon between the manufacturer and the purchaser.

15.2 Electromagnetic (Eddy-Current) Examination:
15.2.1 Each tube up to and including 31⁄8-in. (79.4-mm)

outside diameter or within the capabilities of the testing unit
shall be passed through an eddy-current testing unit adjusted to
provide information on the suitability of the tube for the
intended application. Testing shall follow the procedures of
Practice E 243.

15.2.1.1 Tubes that do not actuate the signal device of the
eddy current testing unit shall be considered as conforming to
the requirements of this test.

15.3 Hydrostatic Test:
15.3.1 Each tube shall be capable of withstanding an inter-

nal hydrostatic pressure sufficient to subject the tube to a fiber
stress of 6000 psi (41 MPa) without leakage and any leakage
shall be cause for tube rejection.

15.4 Pneumatic Test:
15.4.1 Each tube shall be capable of withstanding an inter-

nal air pressure of 60 psi (415 kPa) min for 5 s without leakage
and any leakage shall be cause for tube rejection.

16. Dimensions, Mass, and Permissible Variations

16.1 The standard method for specifying tube diameters
shall be with numerical fractions of an inch and for wall
thickness shall be with decimal fractions of an inch.

16.2 Tolerances on a given tube shall be specified with
respect to any two but not all three of the following: outside
diameter, inside diameter, and wall thickness.

16.3 For purposes of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the specified limiting values for any
dimension shall be cause for rejection.

NOTE 4—Blank spaces in the tolerance tables indicate either that the
material is not generally available or that no tolerances have been
established.

16.4 Wall Thickness Tolerances—Wall thickness of the tube
shall conform to the tolerances listed in Table 5.

16.4.1 The wall thickness tolerances of tube furnished IFI
listed in Table 5 shall not apply to that portion of the tube wall
that contains the interior flash and weld upset.

16.4.2 The tolerances of Table 5 shall be increased by
100 % for tube furnished IFR and IFD for the portion of the
tube wall that contains the weld zone.

16.5 Diameter Tolerances:
16.5.1 Diameter tolerances for round tubes only shall be in

accordance with Table 6. For tube furnished in coils, no
tolerances are established.

16.5.2 For materials furnished IFI, IFD, or IFR and not
subsequently drawn over a mandrel, the inside diameter
measurements shall not be taken so as to include the flash or
flash-treated areas.

16.6 Lengths and Tolerances:
16.6.1 Tube in straight lengths shall be furnished in stock

lengths with ends unless the order requires specific lengths or
specific lengths with ends or tube furnished in coils.

16.6.2 The tolerances on the length for tubes furnished in
straight lengths shall be in accordance with Table 7.

16.6.3 The schedule of ends for tubes furnished in specific
or stock lengths with ends shall be in accordance with Table 8.

16.6.4 The tolerances for tubes furnished in coils shall be in
accordance with Table 9, Table 10, and Table 11.

16.7 Roundness:
16.7.1 For cold-worked unannealed tube in straight lengths,

the roundness tolerances shall be as shown in Table 12.
16.7.2 Compliance with the roundness tolerance shall be

determined by taking measurements on the outside diameter
only, irrespective of the manner in which the tube dimensions
are specified.

16.7.3 The deviation from roundness is measured as the
difference between major and minor diameters as determined at
any one cross section of the tube.

16.7.4 No tolerances have been established for redraw tube,
annealed tube, any tube furnished in coils or tube whose wall
thickness is under 0.016 in. (0.406 mm).

16.8 Squareness of Cut—For tube in straight lengths, the
departure from squareness of the end of any tube shall not
exceed the following:

Specified Outside Diameter,
in. (mm)

Tolerance

Up to 5⁄8 (15.9), incl 0.010 in. (0.25 mm)
Over 5⁄8 (15.9) 0.016 in./in. (0.406 mm/mm) of diameter

16.9 Straightness Tolerances—For tubes of any cold
worked temper,1⁄4 to 31⁄2 in. (6.35 to 88.9 mm) in outside
diameter, inclusive, but not annealed tube, the straightness
tolerances shall be in accordance with Table 13.

17. Workmanship, Finish, and Appearance

17.1 Workmanship:
17.1.1 Roundness, uniformity of the wall thickness, and

inner and outer surface shall be such as to make the pipe or
tube suitable for the intended applications. Unless otherwise
specified in the contract or purchase order, the cut ends of the
tubes shall be deburred by use of a rotating wire wheel or other
suitable tool.

17.2 Finish:
17.2.1 The tube shall be free from defects, but blemishes of

a nature that do not interfere with normal applications are
acceptable. The tube shall be reasonable clean and free of dirt.

TABLE 3 Electrical Resistivity

Tempers

Electrical Resistivity, max, V·g/m2

Copper Alloy UNS Nos.

C10100 C10200
C10300

and
C12000

C11000 C12000

Annealed 0.151 76 0.153 28 0.156 14 0.153 28 0.170 31
Drawn 0.156 14 0.157 37 0.159 40 0.157 75 0.174 18
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17.3 Appearance:
17.3.1 The surface finish and appearance shall be the normal

quality for the copper, thickness, and temper ordered.
17.3.2 When application information is provided with the

order, the surface shall be that producible for the application.
17.3.3 A superficial film of drawing lubricant or tarnish

inhibitors are not prohibited unless otherwise specified.

18. Sampling

18.1 The lot size, portion size, and sample size of the
finished product shall be as follows:

18.1.1 Lot Size—An inspection lot shall be 5000 lbs (2268
kg), or fraction thereof, subject to inspection at one time.

18.1.2 Portion Size—A portion shall be taken for test
purposes from each lot according to the following schedule:

Number of Tubes in Lot Number of Pieces to be TakenA

1 to 50 1
51 to 200 2
201 to 1500 3
Over 1500 0.2 % of the total number of pieces in

the lot, but not to exceed 10 pieces

A Each sample piece shall be taken from a separate tube.

18.2 Chemical Analysis:
18.2.1 The sample shall be taken in approximately equal

weight from each portion piece selected in 18.1.2 and in
accordance with Practice E 255. The minimum weight of the
composite sample that is to be divided into three equal parts
shall be 150 g.

18.2.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
composition by analyzing samples taken at the time castings
are poured or taken from the semifinished product. When the
manufacturer determines chemical composition during the

TABLE 4 Mechanical Property Requirements of As Welded, Welded and Cold Drawn, and Fully Finished Tube in Drawn Tempers

Temper
Outside Diameter,

in. (mm)
Wall Thickness,

in. (mm)

Rockwell HardnessA Tensile Strength

Scale Value ksiB MPaC

As-welded: WM
WM 50 from annealed strip, (O61) all all F 65 max 30 min 205 min
WM 02 from half hard strip, (HO2) all all 30T 43–57 36–47 250–325
WM 04 from hard strip, (HO4) all all 30T 54–62 45 min 310 min

Welded tube and cold drawn, WH
WH00 welded and drawn: eighth hard all all 30T 30–60 36–47 250–325
WH02 welded and drawn: half hard all all 30T 30 min 36 min 250 min
WH04 welded and drawn: hard 1⁄4 (6.35) to 1 (25.4), incl. 0.020 (0.508) to 0.120

(3.035) incl
30T 55 min 45 min 310 min

over 1 (25.4) to 31⁄2 (88.9) 0.035 (0.889) to 0.156
(3.90) incl

30T 55 min 45 min 310 min

A Rockwell hardness values shall apply only to tube having a wall thickness of 0.020 in. (0.508 mm) or over and to tube having an inside diameter of 5⁄16 in. (7.94 mm)
or over. Rockwell hardness tests shall be made on the inside surface of the tube. If suitable equipment is not available for determining the Rockwell hardness requirements
in this specification, then other Rockwell scales and values shall be specified, subject to agreement between manufacturer, or supplier and purchaser. On as welded tube
the Rockwell Hardness shall not be taken at the weld area.

B ksi = 1000 psi.
C See Appendix X1.

TABLE 5 Wall Thickness Tolerances for Welded Tube

Wall Thickness, in. (mm)

Outside Diameter, in. (mm) Plus
and Minus

1⁄4 (6.35) to 21⁄2
(63.5)

Over 21⁄2 (63.5)
to 31⁄2 (88.9)

0.016 (0.406) to 0.021 (0.533), incl 0.0013 (0.033) ...
Over 0.021 (0.533) to 0.026 (0.660), incl 0.0015 (0.038) ...
Over 0.026 (0.660) to 0.037 (0.940), incl 0.002 (0.051) 0.002 (0.051)
Over 0.037 (0.940) to 0.050 (1.27), incl 0.002 (0.051) 0.0025 (0.064)
Over 0.050 (1.27) to 0.073 (1.85), incl 0.0025 (0.064) 0.003 (0.076)
Over 0.073 (1.85) to 0.130 (3.30), incl 0.003 (0.076) 0.0035 (0.089)
Over 0.130 (3.30) to 0.156 (3.96), incl 0.0035 (0.089) 0.004 (0.10)

TABLE 6 Average Diameter Tolerances

NOTE 1—Applicable to straight lengths only.

Specified Diameter,
in. (mm)

Diameter to Which Toler-
ance Applies

Tolerance, Plus and
Minus, in. (mm)

1⁄4 (6.35) to 5⁄8 (15.9), incl inside or outside 0.002 (0.051)
Over 5⁄8 (15.9) to 1 (25.4), incl inside or outside 0.0025 (0.064)
Over 1 (25.4) to 2 (50.8), incl inside or outside 0.003 (0.076)
Over 2 (50.8) to 3 (76.2), incl inside or outside 0.004 (0.10)
Over 3 (76.2) to 31⁄2 (88.9), incl inside or outside 0.005 (0.13)

TABLE 7 Length Tolerances for Welded Tube in Straight Lengths

NOTE 1—Tolerances are all plus, if all minus tolerances are desired, use
the same values, if tolerances plus and minus are desired, halve the values
given.

Length

Tolerances, in. (mm) (Applicable
Only to Full-Length Pieces)

For Major Out-
side Dimen-

sions up to 1
in. (25.4 mm)

For Major Out-
side Dimen-

sions Over 1
in. (25.4 mm)

to 31⁄2 in.
(88.9 mm)

Specific lengths: 1⁄32 (0.79)
Up to 6 in. (152 mm) incl 1⁄16 (1.6)
Over 6 in. (152 mm) to 2 ft (0.610 m) incl 1⁄16 (1.6) 3⁄32 (2.4)
Over 2 ft (0.610 m) to 6 ft (1.83 m) incl 3⁄32 (2.4) 1⁄8 (3.2)
Over 6 ft (1.83 m) to 14 ft (4.27 m) incl 1⁄4 (6.4) 1⁄4 (6.4)
Over 14 ft (4.27 m) 1⁄2 (12.7) 1⁄2 (12.7)

Specific lengths with ends 1 (25) 1 (25)
Stock lengths with or without ends 1A (25) 1A (25)

A As stock lengths are cut and placed in stock in advance of orders, departure
from this tolerance is not practicable.
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course of manufacture, sampling of the finished product is not
required.

18.2.3 The number of samples taken for determining com-
position shall be as follows:

18.2.3.1 When samples are taken at the time the castings are
poured, at least two samples shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

18.2.3.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 lbs
(4550 kg) or fraction thereof, except that not more than one
sample per piece shall be required.

18.3 Other Tests:
18.3.1 Specimens for all other tests shall be taken from two

of the sample pieces taken in 18.1.2 and be of a convenient size
to accommodate the test(s) and comply with the requirements
of the product specification and test method(s).

18.3.2 In the event only one sample piece is required, all
specimens shall be taken from the piece selected.

18.3.3 In the case of tube furnished in coils, a length
sufficient for all necessary tests shall be cut from each coil
selected for purpose of test. The remaining portion of these
coils shall be included in the shipment, and the permissible
variations in length on such coils shall be waived.

19. Number of Tests and Retests

19.1 Tests:
19.1.1 Chemical Analysis—Chemical composition shall be

determined as the per element mean of results from at least two
replicate analyses of the sample(s) and the results of each
replication must meet the requirements of the product specifi-
cation.

19.1.2 Other Test—Grain size, electrical resistivity, and
tensile strength shall be reported as individual test results
obtained from each of two pieces selected in 18.1.2 and each
specimen must meet the requirements of the product specifi-
cation.

19.1.2.1 When only one piece is to be sampled, all speci-
mens shall be taken from the piece selected.

19.1.2.2Grain Size—The average grain size of each speci-
men shall be the arithmetic average of at least three different
fields.

19.2 Retests:
19.2.1 When test results obtained by the purchaser fail to

conform with the product specification requirement(s), the
manufacturer or supplier shall have the option to perform a
retest.

19.2.2 Retesting shall be as directed in this specification for
the initial test, except the number of test specimens shall be
twice that required normally for the test.

19.2.3 Test results for all specimens shall conform to the
requirement(s) of this specification in retest, and failure to

TABLE 8 Schedule of Tube Lengths (Specific and Stock)

Major Outside Dimensions,
in. (mm)

Nominal Length,
ft (m)

Shortest Permissible
Length,A

% of Nominal Length

Maximum Permissible
Weight of Ends,
% of Lot Weight

1⁄4 (6.35) to 1 (25.4) incl 6 (1.83) to 20 (6.10) incl 70 20
Over 1 (25.4) to 2 (50.8) incl 6 (1.83) to 20 (6.10) incl 60 25
Over 2 (50.8) to 3 (76.2) incl 6 (1.83) to 20 (6.10) incl 55 30
Over 3 (76.2) to 31⁄2 (88.9) incl 6 (1.83) to 20 (6.10) incl 50 40

A Expressed to the nearest 1⁄2 ft.

TABLE 9 Coil Length Tolerance (Specific Lengths)

Outside Diameter,
in. (mm)

Tolerances, in. (mm), All Plus for
Nominal Lengths in ft (m)

Up to 50 (15.2),
incl

Over 50 (15.2) to
100 (30.5), incl

Up to 11⁄2 (38.1), incl 12 (300) 24 (610)

TABLE 10 Coil Length Tolerances (Mill Lengths)

Outside Diameter,
in. (mm)

Tolerances, % for Nominal Lengths in ft (m)
Up to 100 (30.5),

incl
Over 100 (30.5) to

2000 (610), incl
Up to 1 (25.4) incl 5A or 2 ft (0.61 m)

whichever is greater
10A

Over 1 (25.4) to 11⁄2
(38.1)

5A or 2 ft (0.61 m)
whichever is greater

no tolerances
established

A Expressed to the nearest 1 ft.

TABLE 11 Schedule of Mill Lengths with Ends, in Coils

Outside Diameter,
in. (mm)

Nominal Length,
ft (m)

Shortest
Permissible
Length, %
of Nominal

Length

Maximum
Permissible
Weight of

Ends, % of
Lot Weight

Up to 1 (25.4), incl up to 100 (30.5), incl 70A 10
Over 1 (25.4) to 11⁄2

(38.1), incl
up to 100 (30.5), incl 60A 20

Up to 1 (25.4), incl over 100 (30.5) to 2000
(610), incl

50 50B

A Expressed to the nearest 1 ft.
B Short pieces shall be included as follows: up to 10 % of lot weight between 50

ft (15.2 m) and one quarter of the full length and up to 40 % between one quarter
and full length.

TABLE 12 Roundness Tolerance

t/D (Ratio of Nominal Wall
Thickness to Nominal

Outside Diameter)

Roundness Tolerance as Percent of Nominal
Outside Diameter (Expressed to the Nearest

0.001 in. (0.025 mm))

0.01 to 0.03 incl 1.5
Over 0.03 to 0.05 incl 1.0
Over 0.05 to 0.10 incl 0.8 or 0.002 in. (0.051 mm), whichever is greater
Over 0.10 0.7 or 0.002 in. (0.051 mm), whichever is greater

TABLE 13 Straightness Tolerances for Tube in Drawn Tempers

NOTE 1—Applies to round tube in any drawn temper from1⁄4 to 31⁄2 in.
in outside diameter, incl.

Length,
ft (m)

Maximum Curvature (Depth of Arc),
in. (mm)

Over 3 (0.914) to 6 (1.83), incl 3⁄16 (4.8)
Over 6 (1.83) to 8 (2.44), incl 5⁄16 (7.9)
Over 8 (2.44) to 10 (3.05), incl 1⁄2 (13) in any 10-ft (3.05-m) portion
Over 10 (3.05)

B 447 – 02

6



comply shall be cause for lot rejection.

20. Specimen Preparation

20.1 Chemical Analysis:
20.1.1 Preparation of the analytical test specimen shall be

the responsibility of the reporting laboratory.
20.2 Grain Size:
20.2.1 Test specimen shall be prepared in accordance with

Guide E 3.
20.3 Electrical Resistivity:
20.3.1 The test specimen shall be full size and shall be the

full cross section of the product it represents when possible.
20.4 Tensile Test:
20.4.1 The test specimen shall be of the full section of the

tube and shall conform to the requirements of the section titled
Specimens for Pipe and Tube in Test Methods E 8.

20.4.1.1 When the limitations of the testing machine pre-
clude the use of a full section specimen, specimens conforming
to Type No. 1 of Fig. 13, Tension Test Specimens for
Large-Diameter Tubular Products of Test Methods E 8 shall be
used.

20.5 Microscopical Examination:
20.5.1 The test specimen shall be prepared in accordance

with Test Method A of Test Methods B 577.
20.6 Hydrogen Embrittlement Susceptibility:
20.6.1 The test specimen shall be prepared in accordance

with Test Method B of Test Methods B 577.
20.7 Expansion (Pin Test):
20.7.1 Test specimen shall conform to the requirements of

the Specimen Preparation section of Test Method B 153.

21. Test Methods

21.1 Chemical Composition:
21.1.1 Composition, in case of disagreement shall be deter-

mined as follows:
Element Test Method

Copper E 53
Phosphorus E 62
Arsenic E 62

21.1.1.1 Refer to Annex A1 of Specification B 170 for test
methods to be followed in the determination of composition for
copper C10100 and oxygen in copper C10200.

21.1.1.2 Test method(s) to followed for the determination of
elements resulting from contractual or purchase order agree-
ment shall be as agreed upon between the manufacturer and the
purchaser.

21.2 Other Tests—The product shall conform to all other
requirements when subjected to tests in accordance with the
appropriate test method as follows:

Requirement Test Method

Grain size E 112
Electrical resistivity B 193
Tensile strength E 8
Microscopical examination Test Method A; B 577
Hydrogen embrittlement susceptibility Test Method B; B 577
Expansion test B 153
Electromagnetic (eddy-current) examination E 243
Hydrostatic test see 21.2.6
Pneumatic test see 21.2.7

21.2.1 Grain Size—In case of dispute, the intercept method
shall be followed.

21.2.2 Tensile Strength—Shall be determined in accordance
with Test Methods E 8. Whenever test results are obtained from
both full-size and machined specimens and they differ, the test
results from the full-size specimen shall prevail.

21.2.3 Microscopical Examination—In case of dispute, Test
Method C of Test Methods B 577 shall be followed.

21.2.4 Hydrogen Embrittlement Susceptibility—In case of
dispute, Test Method C of Test Methods B 577 shall be
followed.

21.2.5 Electromagnetic (Eddy-Current) Examination:
21.2.5.1 Either notch depth or drilled hole artificial discon-

tinuity calibration standards shall be used.
21.2.5.2 The depth of the round bottom transverse notches,

rounded to the nearest 0.001 in. (0.025 mm), shall be 22 % of
the wall thickness with a tolerance of60.0005 in. (60.013
mm).

21.2.5.3 The diameters of the drilled holes in the artificial
discontinuity calibration standard used to adjust the sensitivity
of the testing unit are shown in Table 14 and shall not vary by
more than +0.001, −0.000 in. ( +0.026, −0.000 mm) of the hole
diameter specified.

21.2.5.4 Alternatively, at the option of the manufacturer,
using speed insensitive eddy-current units that are equipped so
that a fraction of the maximum imbalance signal will be
selected, the following percent maximum imbalance signals
shall be used:

Standard Tube Size,
in.

Maximum Percent Imbalance
Signal Magnitude

Up to 3⁄8, incl 0.2
1⁄2 to 2, incl 0.3
Over 2 to 3, incl 0.4

21.2.5.5 As an alternative, specimens with discontinuities
used to calibrate the testing unit shall be placed in the strip
from which the tube will be manufactured. These calibration
discontinuities will pass through the continuous operations of
forming, welding, and eddy-current testing. The testing unit
sensitivity required to detect the resultant discontinuities shall
be equivalent to or greater than that required to detect the
notches or drilled holes.

21.2.5.6 The round bottom transverse notch calibration
discontinuities shall be on the outside tube surface or inside
tube surface. The discontinuities, notch or drilled hole, shall be
spaced to provide signal resolution adequate for interpretation.
Each calibration discontinuity shall be detected by the testing
unit.

21.2.5.7 Tubes causing irrelevant signals because of mois-
ture, soil, and like effects are not prohibited from being

TABLE 14 Diameter of Drilled Holes

Tube Outside Diameter,
in. (mm)

Diameter of
Drilled Holes, in.

(mm)

Drill
Number

1⁄4 to 3⁄4 (6.0 to 19.0), incl 0.025 (0.635) 72
Over 3⁄4 to 1 (19.0 to 25), incl 0.031 (0.785) 68
Over 1 to 11⁄4 (25 to 32), incl 0.036 (0.915) 64
Over 11⁄4 to 11⁄2 (32 to 38), incl 0.042 (1.07) 58
Over 11⁄2 to 13⁄4 (38 to 45), incl 0.046 (1.17) 56
Over 13⁄4 to 2 (45 to 50), incl 0.052 (1.32) 55
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reconditioned and retested. Such tubes, not causing output
signals beyond acceptable limits, when retested to the original
test parameters, shall be considered as conforming.

21.2.5.8 Tubes causing irrelevant signals because of visible
and identifiable handling marks shall be retested by the
hydrostatic or pneumatic test, and tubes meeting the require-
ments of either test shall be considered in conformance to the
specification, provided the tube dimensions are within the
prescribed limits, unless otherwise agreed upon by the manu-
facturer and the purchaser.

21.2.6 Hydrostatic Test—Fiber stress shall be determined by
the following equation for thin hollow cylinders under tension:

P 5 2 St/~D 2 0.8t! (1)

where:
P = hydrostatic pressure, psi (MPa);
t = thickness of tube wall, in. (mm);
D = outside diameter of tube, in. (mm); and
S = allowable stress of the tube, psi (MPa).

21.2.6.1 The tube need not be tested at a hydrostatic
pressure over 1000 psi (6.9 MPa) unless so specified.

21.2.7 Pneumatic Test—Testing shall be such as to permit
easy visual detection of leakage, such as a pressure differential
method or submerging the tube under water.

22. Significance of Numerical Limits

22.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed as
follows, an observed value or a calculated value shall be
rounded as indicated in accordance with the rounding method
of Practice E 29:

Property
Rounded Unit for Observed or

Calculated Value

Chemical composition nearest unit in the last right-hand place
of figures of the specified limit

Grain size up to 0.055 mm, incl nearest multiple of 0.005 mm
Tensile strength nearest ksi (5 MPa)

23. Inspection

23.1 The manufacturer, or supplier, shall inspect and make
tests necessary to verify that the product furnished conforms to
the requirements prescribed in the product specification.

23.2 Source inspection of the product by the purchaser shall
be agreed upon between the manufacturer, or supplier, and the
purchaser as part of the purchase order. In which case, the
nature of the facilities needed to satisfy the inspector repre-
senting the purchaser that the product is being furnished in
accordance with the product specification shall be included in
the agreement. All tests and the inspection shall be conducted

so as not to interfere unnecessarily with the operations of the
works.

23.3 When mutually agreed upon, final inspection shall be
conducted simultaneously by the manufacturer or supplier and
purchaser.

24. Rejection and Rehearing

24.1 Rejection:
24.1.1 Product that fails to conform to the requirements of

the product specification when inspected or tested by the
purchaser or purchaser’s agent shall be rejected.

24.1.2 Rejection shall be reported to the manufacturer or
supplier promptly and in writing.

24.1.3 In case of dissatisfaction with results of test upon
which rejection was based, the manufacturer or supplier, at
their option, shall make claim for a rehearing.

24.2 Rehearing:
24.2.1 As a result of product rejection, the manufacturer or

supplier has the option to make a claim for a retest to be
conducted by the manufacturer or supplier and the purchaser. If
needed, samples of the rejected product shall be taken in
accordance with the product specification and tested by both
parties as directed in the specification, or, alternatively, upon
agreement by both parties, an independent laboratory, when
necessary, shall be selected for the tests using the test methods
prescribed in the product specification.

25. Certification

25.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and requirements have been met.

26. Test Report (Mill)

26.1 When specified in the contract or purchase order, a
report of test results shall be furnished.

27. Packaging and Package Marking

27.1 Packaging—The product shall be separated by size,
composition, and temper and prepared for shipment in such a
manner as to acceptance by common carrier for transportation
and to afford protection from normal hazards of transportation.

27.2 Package Marking—Each shipping unit shall be legibly
marked with the purchase order number, copper designation,
temper, size, shape, total length or piece count or both, gross
and net weight, and name of supplier. The specification number
shall be shown, when specified.

28. Keywords

28.1 copper tube; copper welded tube; welded tube
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APPENDIXES

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

X2. IACS CONDUCTIVITY EQUIVALENCE

Electrical Resistivity, V·g/m2 Conductivity Percent, %

0.151 76 101.00
0.153 28 100.00
0.156 14 98.16
0.157 37 97.40

Electrical Resistivity, V·g/m2 Conductivity Percent, %

0.157 75 97.16
0.159 40 96.16
0.170 31 90.00
0.174 18 88.00

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 447 – 00)
that may impact the use of this standard.

(1) Sections 1.2.1, 3.2.1, 3.2.3, 19.2, and 21.2.5.7 have been
modified to replace nonmandatory language with mandatory
language.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 453/B 453M – 01

Standard Specification for
Copper-Zinc-Lead Alloy (Leaded-Brass) Rod, Bar, and
Shapes 1

This standard is issued under the fixed designation B 453/B 453M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for
copper-zinc-lead alloy (leaded-brass) rod, bar, wire, and shapes
produced from Copper Alloys UNS Nos. C33500, C34000,
C34500, C35000, C35300, and C35600. These alloys have
nominal composition given in Table 1.

1.1.1 This product is suitable for applications requiring
extensive machining before such cold-forming operations as
swaging, flaring, severe knurling, or thread rolling.

1.1.2 Typically, product made to this specification is fur-
nished as straight lengths. Sizes1⁄2 in. [12 mm] and under may
be furnished as wire in coils or on reels when requested.

1.2 The values stated in either inch-pound units or SI units
are to be regarded separately as the standard. Within the text,
the SI units are shown in brackets. The values stated in each
system are not exact equivalents; therefore, each system shall
be used independently of the other. Combining values from the
two systems may result in nonconformance with the standard.

NOTE 1—Refer to Specifications B 16/B 16M and B 140/B 140M for
copper-zinc-lead (leaded-brass) rod and bar for screw machine applica-
tions.

2. Referenced Documents

2.1 ASTM Standards:
2.1.1 The following documents in the currentBook of

Standards form a part of this specification to the extent
referenced herein:

B 16/B 16M Specification for Free-Cutting Brass Rod, Bar,
and Shapes for Use in Screw Machines2

B 140/B 140M Specification for Copper-Zinc-Lead
(Leaded Red Brass or Hardware Bronze) Rod, Bar, and
Shapes2

B 249 Specification for General Requirements for Wrought
Copper and Copper-Alloy Rod, Bar, Shapes, and Forgings2

B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes, and
Forgings [Metric]2

B 250 Specification for General Requirements for Wrought
Copper/Alloy Wire2

B 250M Specification for General Requirements for
Wrought Copper/Alloy Wire [Metric]2

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

3. General Requirements

3.1 The following sections of Specification B 249, B 249M,
B 250, and B 250M are a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Test Report,
3.1.13 Packaging and Package Marking, and

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Shapes, and Forgings.

Current edition approved April 10, 2001. Published August 2001. Originally
published as B 453 – 67. Last previous edition B 453 – 96.

2 Annual Book of ASTM Standards, Vol 02.01.

3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.06.

TABLE 1 Nominal Composition, %

Copper Alloy
UNS No.

Copper Zinc Lead

C33500 63.5 36.0 0.5
C34000 63.5 35.4 1.1
C34500 63.5 34.5 2.0
C35000 62.0 36.6 1.4
C35300 62.0 36.0 2.0
C35600 61.5 36.0 2.5

1

*A Summary of Changes section appears at the end of this standard.
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3.1.14 Supplementary Requirements.
3.2 In addition, when a section with a title identical to one

of those referenced in 3.1 appears in this specification, it
contains additional requirements which supplement those ap-
pearing in Specifications B 249, B 249M, B 250, or B 250M.

4. Ordering Information

4.1 Include the following information in orders for product:
4.1.1 ASTM designation and year of issue (for example,

B 453/B 453M – 01),
4.1.2 Copper Alloy UNS Number designation,
4.1.3 Product (rod, bar, wire, or shape),
4.1.4 Cross section (round, hexagonal, square, and so forth),
4.1.5 Temper,
4.1.6 Dimensions (diameter or distance between parallel

surfaces),
4.1.7 How furnished: straight lengths, coils, or reels,
4.1.8 Length,
4.1.9 Total length or number of pieces of each size,
4.1.10 Weight: total for each form, and size, and
4.1.11 When product is purchased for agencies of the U.S.

government.
4.2 The following are options and should be specified in the

ordering information when required:
4.2.1 Tensile test for product1⁄2 in. [12 mm] and over in

diameter or distance between parallel surfaces,
4.2.2 Certification, and
4.2.3 Mill test report.

5. Chemical Composition

5.1 The material shall conform to the chemical composition
requirements in Table 2 for the Copper Alloy UNS No.
designation specified in the ordering information.

5.1.1 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser. For copper alloys in which
zinc is listed as the “remainder,” either copper or zinc may be
taken as the difference between the sum of all elements
determined and 100 %. When copper is so determined, that
difference value shall conform to the requirements given in
Table 2.

5.2 When all the named elements in Table 2 for the specified
alloy are determined, the sum of results shall be as follows:

Copper Alloy UNS No. Percent, min

C33500, C34000, C34500, C35000 99.6
C35300, C35600 99.5

6. Temper

6.1 The standard tempers for products described in this

specification are given in Tables 3 and 4.
6.1.1 O60 (soft annealed),
6.1.2 H01 (1⁄4 hard), and
6.1.3 H02 (1⁄2 hard).
6.2 Other tempers, and temper for other products including

shapes, shall be subject to agreement between the manufacturer
and the purchaser.

7. Mechanical Property Requirement

7.1 Rockwell Hardness Requirements:
7.1.1 Product with a diameter or distance between parallel

surfaces of1⁄2 in. [12 mm] and over shall conform to the
requirements of Table 3 when tested in accordance with Test
Methods E 18.

7.1.1.1 Rockwell hardness test results shall be the basis for
product acceptance for mechanical properties except when
tensile test is so specified in the ordering information (4.2.1).

7.2 Tensile Strength Requirements:
7.2.1 Product with diameter or distance between parallel

surfaces under1⁄2 in. [12 mm] shall conform to the require-
ments of Table 4 when tested in accordance with Test Methods
E 8 or E 8M.

7.2.2 When specified in the contract or purchase order,
product with diameter or distance between parallel surfaces of
1⁄2 in. [12 mm] and over shall conform to the tensile require-
ments prescribed in Table 4 for the specified temper and size
when tested in accordance with Test Methods E 8 or E 8M.

TABLE 2 Chemical Requirements

Copper Alloy
UNS No.

Composition, %

Copper Lead Iron Zinc

C33500 62.0–65.0 0.25–0.7 0.15 max remainder
C34000 62.0–65.0 0.8–1.5 0.15 max remainder
C34500 62.0–65.0 1.5–2.5 0.15 max remainder
C35000 61.0–63.0 0.8–2.0 0.15 max remainder
C35300 61.0–63.0 1.5–2.5 0.15 max remainder
C35600 60.0–63.0 2.0–3.0 0.15 max remainder

TABLE 3 Hardness Requirements A

Temper Diameter or Distance
Between Parallel

Surfaces, in. [mm]

Rockwell B Hardness
Determined on the

Cross Section Midway
Between Surface and

Center
Code Name

Rod and Wire

O60 soft anneal 1⁄2 [12] and over 45 max

H01 1⁄4 hard 1⁄2 [12] to 1,
both incl

over 1 [25] to 2 [50],
incl

over 2 [50]

50–75
40–70
35–65

H02 1⁄2 hard 1⁄2 [25] to 1 [50],
both incl

over 1 [25] to 2 [50],
incl

over 2 [50]

60–80
55–75
40–70

BarB

O60 soft anneal 1⁄2 [12] and over 35 max

H01 1⁄4 hard 1⁄2 [12] to 1,
both incl

over 1 [25] to 2 [50],
incl

over 2 [50]

45–75
35–70
35–65

H02 1⁄2 hard 1⁄2 [25] to 1 [50],
both incl

over 1 [25] to 2 [50],
incl

over 2 [50]

45–85
40–80
35–70

ARockwell hardness requirements are not established for diameters less than 1⁄2
in. [12 mm].

BFor rectangular bar, the Distance Between Parallel Surfaces refers to thick-
ness.
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8. Purchases for U.S. Government

8.1 When specified in the contract or purchase order,
product purchased for agencies of the U.S. government shall
conform to the special government requirements stipulated in
the Supplementary Requirements section.

9. Dimensions and Permissible Variations

9.1 The dimensions and tolerances for rod, bar, and shapes
in accordance with this specification shall be as specified in
Specification B 249 or B 249M with particular reference to the
following tables in that specification:

9.1.1 Diameter or Distance Between Parallel Surfaces:
9.1.1.1 Rod—Table 1.
9.1.1.2 Bar—Tables 8 and 10.
9.1.2 Shapes—Dimensional tolerances shall be subject to

agreement between the manufacturer and the purchaser.
9.1.3 Length—Tables 13 and 14.
9.1.4 Straightness—Table 16.
9.1.5 Angles—All regular polygonal sections shall have

substantially exact angles and, unless otherwise specified,
sharp corners.

9.2 The dimensions and tolerances for wire product de-

scribed by this specification shall be as specified in Table 1 of
Specification B 250 or B 250M.

10. Test Methods

10.1 Chemical Analysis:
10.1.1 Composition shall be determined, in case of dis-

agreement, as follows:
Element Method

Copper E 478
Iron E 478
Lead E 478 (AA)
Zinc E 478 (titrimetric)

10.1.2 Test method(s) to be used for the determination of
element(s) required by contractual or purchase order agreement
shall be as agreed upon between the manufacturer or supplier
and the purchaser.

11. Keywords

11.1 copper-zinc-lead alloy bar; copper-zinc-lead alloy rod;
copper-zinc-lead alloy wire; leaded-brass bar; leaded-brass
rod; leaded-brass wire

TABLE 4 Tensile Requirements

Temper Diameter or Distance Between
Parallel Surfaces, in. [mm]

Tensile Strength, ksi [Mpa]
Yield Strength at 0.5 %

Elongation Under Load, min
ElongationA in

43 Diameter or
43 Thickness, min, %Code Name min max ksi

Rod and Wire

O60 soft anneal under 1⁄2 [12]
1⁄2 [12] to 1 [25], both incl
over 1 [25]

46 [315]
44 [305]
40 [275]

16 [110]
15 [105]
15 [105]

20
25
30

H01 1⁄4 hard under 1⁄2 [12]
1⁄2 [12] to 1 [25], both incl
over 1 [25]

52 [360]
50 [345]
42 [290]

65 [450]
62 [425]
62 [425]

25 [170]
20 [140]
15 [105]

10B

15
20

H02 1⁄2 hard under 1⁄2 [12]
1⁄2 [12] to 1 [25], both incl
over 1 [25]

57 [395]
55 [380]
50 [345]

80 [555]
70 [485]
62 [425]

25 [170]
25 [170]
20 [140]

7C

10
15

BarD

O60 soft anneal under 1⁄2 [12]
1⁄2 [12] to 1 [25], both incl
over 1 [25]

46 [315]
44 [305]
40 [275]

16 [110]
15 [105]
15 [105]

20
25
25

H01 1⁄4 hard under 1⁄2 [12]
1⁄2 [12] to 1 [25], both incl
over 1 [25]

48 [330]
45 [310]
40 [275]

25 [170]
20 [140]
15 [105]

10
15
20

H02 1⁄2 hard under 1⁄2 [12]
1⁄2 [12] to 1 [25], both incl
over 1 [25]

50 [345]
45 [310]
40 [275]

25 [170]
17 [115]
15 [105]

10
15
20

AIn any case, a minimum gage length of 1 in. [25 mm] shall be used.
BFor product furnished as wire, the elongation shall be 7 % min.
CFor product furnished as wire, the elongation shall be 4 % min.
DFor rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
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APPENDIX

(Nonmandatory Information)

X1. ADDITIONAL INFORMATION

X1.1 Selection of the alloy and temper best suited for the
particular application involves a compromise between desired
hardness of the finished part, machinability, and ductility or
malleability. The following guide may be used:

X1.1.1 In general, the higher the lead content, the better the
machinability and lower the ductility and malleability.

X1.1.2 In general, increasing the copper content improves
ductility and malleability.

X1.1.3 In general, the softer tempers have improved ductil-
ity and malleability but are less able to withstand unbalanced
tool pressures.

SUMMARY OF CHANGES

This section identifies the location of selected changes to this specification that have been incorporated since
the 1996 issue as follows:

(1) This specification has been completely revised and a
number of required sections previously missing are now
included by reference to the General Requirements Specifica-
tions B 249, B 249M, B 250, and B 250M.
(2) Combined customary inch-pound and SI unit specifica-
tions into a single document.

(3) Scope revised and bar, wire, and shape products added.

(4) Mechanical property requirements added for bar and wire
products in Tables 3 and 4.

(5) Bar and wire tolerances added.

(6) Alloy C35340 removed from Table 2.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).

B 453/B 453M

4



Designation: B 455 – 01

Standard Specification for
Copper-Zinc-Lead Alloy (Leaded-Brass) Extruded Shapes 1

This standard is issued under the fixed designation B 455; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification establishes the requirements for ex-
truded leaded-brass angles, channels, and other architectural
shapes of solid cross section produced in Copper Alloy UNS
Nos. C38000 and C38500.

1.1.1 Pipe, tube, or other hollow section products are not
included in this specification.

1.2 Units—The values stated in inch-pound units are the
standard. The values given in parentheses are mathematical
conversions to SI units, which are provided for information
only and are not considered standard.

2. Referenced Documents

2.1 ASTM Standards:
B 249/249M Specification for General Requirements for

Wrought Copper and Copper Alloy Rod, Bar, Shapes, and
Forgings2

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes4

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition4

E 478 Test Methods for Chemical Analysis for Copper
Alloys5

3. General Requirements

3.1 The following sections of Specification B 249/249M
constitute a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,

3.1.6 Specimen Preparation,
3.1.7 Test Methods,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Test Report, and
3.1.13 Packaging and Package Marking.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional information which supplements that appearing in
Specification B 249/249M. In case of conflict this specification
shall prevail.

4. Terminology

4.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

5. Ordering Information

5.1 When placing orders for products under this specifica-
tion include the following information:

5.1.1 ASTM designation and year of issue (for example,
B 455 – 01),

5.1.2 Copper alloy UNS No. designation (for example,
C38000),

5.1.3 Temper (Section 7),
5.1.4 Form, dimensions, and tolerances (Section 9), and
5.1.5 Quantity; total weight or number of pieces for each

form, temper, size, and copper alloy.
5.2 The following options are available in this specification

and shall be included in the contract or purchase order when
required:

5.2.1 Intended end use or application,
5.2.2 Heat identification or traceability details (Specifica-

tion B 249/249M),
5.2.3 Certification (Specification B 249/249M), and
5.2.4 Mill test report (Specification B 249/249M).

6. Chemical Composition

6.1 The material shall conform to the chemical composi-
tional requirements in Table 1 for the copper alloy UNS No.
designated in the ordering information.

6.1.1 These composition limits do not preclude the presence
of other elements. When required, limits shall be established
and analysis required for unnamed elements by agreement

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved Oct. 10, 2001. Published December 2001. Originally
published as B 455 – 67. Last previous edition B 455 – 96.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 03.06.
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between the manufacturer and the purchaser.
6.2 For copper alloys in which zinc is specified as the

remainder, either copper or zinc is permitted to be taken as the
difference between the sum of results for all elements analyzed
and 100 %. When copper is so determined, that difference
value shall conform to the requirements given in Table 1.

6.3 When all elements specified in Table 1 are determined
for the copper alloy UNS No. designated in the ordering
information, the sum of the results shall be 99.5 % minimum.

7. Temper

7.1 The temper of the product furnished to this specifica-
tion, as defined in Classification B 601, shall be M20 (as hot
extruded).

8. Mechanical Property Requirements

8.1 Tensile Strength Requirements:
8.1.1 The product furnished shall conform to the require-

ments of Table 2 when tested in accordance with Test Methods
E 8.

8.1.2 The tension test results shall be the basis for purchaser
acceptance or rejection based upon mechanical properties.

8.1.2.1 When product is intended for strictly decorative
purposes and so stated in the purchase order or contract, it is
permitted under this specification for the mechanical property
requirements to be waived by the purchaser.

8.2 Rockwell Hardness:
8.2.1 A Rockwell hardness test offers a quick and conve-

nient method of checking general conformity to temper and
tensile requirements.

NOTE 1—For assistance in testing, the minimum Rockwell B hardness
of M30 (as hot-extruded) temper shapes to this specification is approxi-
mately 42.

9. Dimensions, Mass, and Permissible Variations

9.1 The dimensions, contours, and tolerances shall be pro-
vided by the purchaser, by means of a drawing or other
medium, and shall be a part of the contract or purchase order.

9.2 Straightness tolerances shall be subject to agreement
between the manufacturer and the purchaser and such agree-
ment shall be part of the purchase order.

10. Sampling

10.1 Lot size, portion size, and selection of sample pieces
shall be as follows:

10.1.1 Lot Size—An inspection lot shall be 5000 lb (2275
kg) or fraction thereof, of the same mill form, alloy, and
nominal dimensions, subject to inspection at one time.

10.1.2 Portion Size—The portion shall be two individual
pieces of the lot selected as to be representative of the lot.

10.2 Chemical Analysis:
10.2.1 The sample for chemical analysis shall be taken in

accordance with Practice E 255 for the product in its final form
from the pieces selected in 10.1.2 and combined into one
composite sample. The minimum weight of the composite
sample shall be 150 g.

10.2.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition by analyzing samples
taken at the time the castings are poured.

10.2.2.1 When samples are taken at the time of casting, at
least one sample shall be taken from each group of castings
poured from the same source of molten metal.

10.3 Samples for All Other Tests—Samples taken for all
other tests shall be taken from the sample portions selected in
10.1.2 and be of a convenient size to accommodate the test and
comply with the requirements of the appropriate test method.

11. Test Methods

11.1 Product composition shall be determined, in case of
dispute, as follows:

Element ASTM Test Method

Aluminum E 54
Copper E 478
Iron E 478
Lead E 478 (AA)
Tin E 478 (photometric)
Zinc E 478 (titrimetric)

11.1.1 Test method(s) to be followed for the determination
of element(s) resulting from contractual or purchase order
agreement shall be as agreed upon between the supplier and the
purchaser.

12. Keywords

12.1 architectural extruded shapes; extruded shapes; leaded
brass extruded shapes

TABLE 1 Chemical Requirements

Element

Composition, %

Copper Alloy
UNS No.
C38000

Copper Alloy
UNS No.
C38500

Copper 55.0–60.0 55.0–59.0
Lead 1.5–2.5 2.5–3.5
Zinc remainder remainder
Iron, max 0.35 0.35
Tin, max 0.30 ...
Aluminum, max 0.50 ...

TABLE 2 Mechanical Requirements

Copper Alloy
UNS Nos.

C38000 and
C38500

Tensile strength, min, ksiA (MPa)B 48 (330)
Yield strength at 0.5 % extension under load, min,
ksi (MPa)B

16 (110)

ElongationB in 2 in. (50.8 mm), min, % 15
Aksi = 1000 psi.
BSee Appendix X1.
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
square (N = kg·m/s2). The derived SI unit for pressure or stress

is the newton per square metre (N/m2), which has been named
the pascal (Pa) by the General Conference on Weights and
Measures. Since 1 ksi = 6 894 757 Pa, the metric equivalents
are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue, B 455-96,
that may impact the use of this standard.

(1) The addition of Section 4 on Terminology.
(2) Minor editing of 5.1.

(3) Minor editing of 6.1 and 6.1.1 to conform toOutline of
Form.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 465 – 04

Standard Specification for
Copper-Iron Alloy Plate, Sheet, Strip, and Rolled Bar 1

This standard is issued under the fixed designation B 465; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes Copper Alloy UNS Nos.
C19200, C19210, C19400, C19500, C19700, and C19720
plate, sheet, strip, and rolled bar.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:2

B 193 Test Method for Resistivity of Electrical Conductor
Materials

B 248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast

B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials
E 54 Test Methods for Chemical Analysis of Special

Brasses and Bronzes3

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys

E 112 Test Methods for Determining Average Grain Size
E 478 Test Methods for Chemical Analysis of Copper

Alloys
E 527 Practice for Numbering Metals and Alloys (UNS)

3. General Requirements

3.1 The following sections of Specification B 248 consti-
tutes a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods (except chemical analysis),
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Test Reports (Mill),
3.1.13 Packaging and Package Marking, and
3.1.14 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements which supplement those appearing in
Specification B 248.

4. Terminology

4.1 Definitions—For definitions of terms related to copper
and copper alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Contracts or purchase orders for product under this
specification should include the following information:

5.1.1 ASTM designation and year of issue (for example
B 465–XX),

5.1.2 Copper Alloy UNS No. designation (for example,
C19200),

5.1.3 Temper (Section 8),
5.1.4 Dimensions—Thickness, width, length, and so forth

(Section 13),
5.1.5 Form—Plate, sheet, strip, or rolled bar,
5.1.6 How Furnished—Coils (rolls), specific lengths or

stock lengths, with or without ends,
5.1.7 Quantity—total weight each form, temper, and size,

and
5.1.8 When material is purchased for agencies of the U.S.

government (Section 12).
5.2 The following options are available under this specifi-

cation and should be specified in the contract or purchase order
when required:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1968. Last previous edition approved in 2003 as B 465 – 03.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Withdrawn.
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5.2.1 Type of Edge—Slit, sheared, sawed, square corners,
round corners, rounded edges, or full rounded edges,

5.2.2 Width and straightness tolerances (appropriate table in
Specification B 248),

5.2.3 Heat identification or traceability details,
5.2.4 Certification, and
5.2.5 Mill test report.

6. Materials and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be a cast bar, cake,

slab, and so forth of Copper Alloy UNS No. C19200, C 19210,
C19400, C19500, C19700, or C19720 as specified in the
ordering information, and of such purity and soundness as to be
suitable for processing into the products prescribed herein.

6.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 1—Because of the discontinuous nature of the processing of
castings into wrought products, it is not practical to identify a specific
casting analysis with a specific quantity of finished product.

6.2 Manufacture:
6.2.1 The product shall be manufactured by such hot-

working, cold-working, and annealing processes as to produce
a uniform wrought structure in the finished product.

6.2.2 The product shall be hot- or cold-worked to the
finished size, and subsequently annealed, when required, to
meet the temper properties specified.

6.2.3 Edges—Slit edges shall be furnished unless otherwise
specified in the contract or purchase order.

7. Chemical Composition

7.1 The material shall conform to the requirements pre-
scribed in Table 1 for the Copper Alloy UNS No. designation
specified in the ordering information.

7.1.1 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

7.2 Copper, when specified as the remainder, may be taken
as the difference between the sum of results for specified
elements and 100 %.

7.3 When all elements listed in Table 1 for the designated
alloy are determined, the sum of results shall be 99.8 %
minimum.

8. Temper

8.1 As defined in Classification B 601, products shall be
produced in tempers O60 (soft annealed), O61 (annealed), O50
(light annealed), O82 (annealed to temper -1⁄2 hard), H01 (1⁄4
hard), H02 (1⁄2 hard), H03 (3⁄4 hard), H04 (hard), H06 (extra
hard), HR02 (1⁄2 hard), HR04 (hard), H08 (spring), H10 (extra
spring), and H14 (super spring).

NOTE 2—The purchaser should confer with the manufacturer or sup-
plier for the availability of product in a specific alloy, temper, and form,
since all tempers are subject to manufacturing limitations.

NOTE 3—Properties of special tempers not listed in this specification
are subject to agreement between the manufacturer and purchaser.

9. Grain Size for Annealed Tempers

9.1 Grain Size—No grain size requirements have been
established for tempers O50, O60, and O61; however, the
product material shall be fully recrystallized when examined in
accordance with Test Methods E 112.

10. Physical Property Requirements

10.1 Electrical Resistivity Requirement:
10.1.1 The product furnished shall conform to the require-

ments of Table 2 for the Copper UNS No. designation and
temper specified in the ordering information when determined
in accordance with Test Method B 193.

10.1.1.1 Products produced in temper O60 from Copper
Alloy UNS No. C19400 are not required to conform with the
resistivity requirement of Table 2.

11. Mechanical Property Requirements

11.1 Tensile Requirements:
11.1.1 The product furnished shall conform to the require-

ments prescribed in Table 3 for the Copper Alloy UNS No.
designation and temper specified in the ordering information
when subjected to test in accordance with Test Methods E 8.

11.1.1.1 Refer to Table X1.1, Appendix X1 for SI equiva-
lents for tensile strength.

11.2 Rockwell Hardness—The approximate Rockwell val-
ues given in Table 3 are for general information and assistance
in testing and shall not be used as a basis for rejection.

NOTE 4—The Rockwell hardness test offers a quick and convenient
method of checking for general conformity to the specification require-
ments for temper and tensile strength.

TABLE 1 Chemical Requirements

Element

Composition, %

Copper Alloy UNS No.

C19200 C19210 C19400 C19500 C19700 C19720

Copper 98.5 min remainder 97.0 min 96.0 min remainder remainder
Iron 0.8 to 1.2 0.05 to 0.15 2.1 to 2.6 1.0 to 2.0 0.30–1.2 0.05–0.50
Phosphorus 0.01 to 0.04 0.025 to 0.04 0.015 to 0.15 0.01 to 0.35 0.10–0.40 0.05–0.15
Zinc 0.20 max . . . 0.05 to 0.20 0.20 max 0.20 max 0.20 max
Lead, max 0.03 . . . 0.03 0.02 0.05 0.05 max
Tin . . . . . . . . . 0.10 to 1.0 0.20 max 0.20 max
Cobalt . . . . . . . . . 0.3 to 1.3 0.05 max . . .
Aluminum . . . . . . . . . 0.02 max . . . . . .
Magnesium . . . . . . . . . . . . 0.01–0.20 0.06–0.20
Nickel, max . . . . . . . . . . . . 0.05 0.10 max
Manganese, max . . . . . . . . . . . . 0.05 0.05 max
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12. Purchases for U.S. Government Agencies

12.1 When identified in the contract or purchase order, as
product purchased for agencies of the U.S. Government, it
shall conform to the special government requirements stipu-
lated in the Supplemental Requirements given in Specification
B 248.

13. Dimensions, Mass, and Permissible Variations

13.1 The product furnished under this specification shall
conform to the following tables in the Dimensions, Mass, and
Permissible Variations section of Specification B 248:

13.1.1 Thickness:
13.1.1.1Tolerances—Table 1.
13.1.2 Width:
13.1.2.1Tolerances for Slit Metal and Slit Metal with Rolled

Edges—Table 2.
13.1.2.2Tolerances for Square-Sheared Metal—Table 5.
13.1.2.3Tolerances for Sawed Metal—Table 6.
13.1.3 Length:
13.1.3.1Tolerances for Straight Lengths—Table 7.
13.1.3.2Schedule of Minimum Lengths with Ends—Table 8.
13.1.3.3Tolerances for Squared Sheared Metal—Table 9.
13.1.3.4Tolerances for Sawed Metal—Table 10.
13.1.4 Straightness:
13.1.4.1Tolerance for Slit Metal or Slit Metal Either

Straightened or Edge Rolled—Table 11.
13.1.4.2Tolerances for Squared Sheared Metal—Table 12.
13.1.4.3Tolerances for Sawed Metal—Table 13.
13.1.5 Edges:
13.1.5.1Tolerances for Radius of Square Edges—Table 14.
13.1.5.2Tolerances for Radius of Round Corners—Table

15.
13.1.5.3Tolerances for Radius of Round Edges—Table 16.

13.1.5.4Tolerances for Radius of Full Rounded Edges—
Table 17.

14. Test Methods

14.1 Chemical Analysis:
14.1.1 Chemical composition shall be determined, in case of

disagreement, by the following appropriate method:
Element Test Method

Aluminum E 478
Copper E 478
Cobalt E 75
Iron E 76
Lead E 478 (AA)
Manganese E 62
Nickel E 478 (Photometric)
Phosphorus E 62
Tin E 478 (Photometric)
Zinc E 478 (AA)

14.1.1.1 Since no recognized test method is known to be
published, the determination of magnesium shall be subject to
agreement between the manufacturer or supplier and the
purchaser.

14.1.2 Test method(s) used for the determination of ele-
ment(s) required by contractual or purchase order agreement
shall be as agreed upon between the manufacture and the
purchaser.

14.2 Test methods for all other properties are given in
Specification B 248.

15. Keywords

15.1 copper-iron alloy plate; copper-iron alloy rolled bar;
copper-iron alloy sheet; copper-iron alloy strip; UNS No.
C19200; UNS No. C19210; UNS No. C19400; UNS No.
C19500; UNS No. C19700; UNS No. C19720

TABLE 2 Electrical Resistivity Requirements and Equivalent Conductivity

Tempers Copper Alloy UNS No. Resistivity at 20°C (68°F)
V g/m2

Equivalent Conductivity at 20°C (68°F),
% IACS

O50, O60A,
O61, and O62

C19200 0.235 81 max 65 min

C19210 0.170 31 max 90 min
C19400 0.383 26 – 0.204 37 40 – 75
C19500 0.305 65 max 50 min
C19700 0.191 60 max 80 min

H01, H02, H03, H04, H06,
H08, H10, and H14

C19200 0.255 47 max 60 min
C19210 0.180 33 max 85 min
C19400 0.255 47 max 60 min
C19500 0.340 62 max 45 min
C19700 0.199 06 max 77 min
C19720 0.199 06 max 77 min

A O60 temper of Copper Alloy UNS No. C19400 is not required to conform with the resistivity requirement of this table.

B 465 – 04
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TABLE 3 Mechanical Requirements

Temper Designation (B 601)

Tensile
Strength, ksiA

Approximate Rockwell Hardness

B Scale Superficial 30T

Designation Name
0.020 in. (0.508
mm) to 0.036

in. (0.914 mm) Incl

Over 0.036 in.
(0.914 mm)

0.012 in. (0.305
mm) to 0.028

in. (0.711 mm) Incl

Over 0.028 in.
(0.711 mm)

Copper Alloy UNS No. C19200

O61 annealed 40–50 . . . . . . . . . . . .
H01 1⁄4 hard 45–55 . . . . . . . . . . . .
H02 1⁄2 hard 52–62 53–69 . . . 53–66 . . .
H04 hard 60–70 68–74 . . . 66–71 . . .
H06 extra hard 67–74 71–75 . . . 69–73 . . .
H08 spring 70–78 73–76 . . . 69–74 . . .
H10 extra spring 74–80 73–76 . . . 69–74 . . .

Copper Alloy UNS No. C19210

O61 annealed 27–42 . . . . . . . . . . . .
H01 1⁄4 hard 43–53 . . . . . . . . . 50 max
H02 1⁄2 hard 47–60 . . . . . . . . . 35–60
H03 3⁄4 hard 52–62 . . . . . . . . . 52–67
H04 hard 56–66 . . . . . . . . . 54–69
H06 extra hard 60–70 . . . . . . . . . 56–71
H08 spring 64–74 . . . . . . . . . 58–73
H10 extra spring 66 min . . . . . . . . . 60–75

Copper Alloy UNS No. C19400

O60 soft anneal 40–50 . . . . . . . . . . . .
O50 light anneal 45–55 . . . . . . . . . . . .
O82 annealed to tem-

per—1⁄2 hard
53–63 . . . . . . . . . . . .

H02 1⁄2 hard 53–63 49–69 57–70 52–63 51–66
H04 hard 60–70 67–73 68–76 61–68 64–69
H06 extra hard 67–73 72–75 75–77 67–69 68–69
H08 spring 70–76 73–78 76–79 68–69 69–72
H10 extra spring 73–80 75–79 77–80 69–70 69–72
H14 super spring 80 min . . . . . . 70 min . . .

Copper Alloy UNS No. 19500

O60 soft anneal 50–60 . . . . . . . . . . . .
H01 1⁄4 hard 60–72 63–79 . . . 61–71 . . .
H02 1⁄2 hard 68–78 76–81 . . . 69–73 . . .
H03 3⁄4 hard 75–85 80–83 . . . 72–74 . . .
H04 hard 82–90 82–85 . . . 73–75 . . .
H08 spring 88–97 84–87 . . . 74–77 . . .

Copper Alloy UNS No. C19700

O60 soft anneal 43–53 . . . . . . . . . . . .
H02 1⁄2 hard 53–63 62–71 . . . 62–68 . . .
H04 hard 60–70 66–73 . . . 65–70 . . .
H06 extra hard 67–73 70–75 . . . 68–71 . . .
H08 spring 70–76 71–77 . . . 69–72 . . .
H10 extra spring 73–80 72–78 . . . 70–74 . . .

Copper Alloy UNS No. C19720

HR02 1⁄2 hard 56–63 65–71 . . . 62–68 . . .
HR04 hard 60–70 66–73 . . . 65–70 . . .

A The tensile strength conversions to SI units are given in Table X1.1 (ksi = 1000 psi).
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg · m/s2). The derived SI unit for pressure or
stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 465 – 03)
that may impact the use of this standard. (Approved May 1, 2004.)

(1) Added Alloy C19720 to the Scope, to paragraph 6.1.1, and
to Keywords.
(2) Added tempers to paragraph 8.1.

(3) Added chemistry of Alloy C19720.
(4) Added electrical resistivity to Table 2and mechanical
properties to Table 3 for Alloy C19720.

TABLE X1.1 SI Equivalents for Tensile Strength

ksi MPa

40 275
43 295
45 310
47 325
50 345
52 360
53 365
55 380
57 395
60 415
62 425
63 435
67 460
70 485
73 505
74 510
76 525
80 550
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Committee B05 has identified the location of selected changes to this standard since the last issue (B 465 – 00e1) that may
impact the use of this standard. (Approved Oct. 1, 2003.)

(1) Added Copper Alloy UNS No. C19210 to 1.1.
(2) Switched order of Sections 3 and 4 (General Requirements
and Terminology).
(3) Added Copper Alloy UNS No. C19210 to 6.1.1.
(4) Added reference to Appendix X1 in 11.1.1.1.
(5) Added alloy numbers to Section 15.
(6) Added Copper Alloy UNS No. C19210 to Table 1.
(7) Revised Table 2 to include Copper Alloy UNS No. C19210;

reformatted to include conductivity equivalents; removed
rolled and rewound temper designations.

(8) Added mechanical requirements for Copper Alloy UNS No.
C19210 to Table 3.

(9) Moved former Table 4 to be Table X1.1 in the Appendix.

(10) Removed Section X2, Conductivity Equivalents (includ-
ing Table X2.1).

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 466/B 466M – 03

Standard Specification for
Seamless Copper-Nickel Pipe and Tube 1

This standard is issued under the fixed designation B 466/B 466M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes the requirements for seam-
less copper-nickel pipe and tube in straight lengths, suitable for
general engineering purposes. The alloys involved are copper
alloys UNS Nos. C70400, C70600, C70620, C71000, C71500,
C71520, and C72200.

1.1.1 Copper alloys UNS Nos. C70620 and C71520 are
intended for product that will be subsequently welded.

1.2 Units—The values stated in inch-pound or SI units are
to be regarded separately as standard. The values in each
system are not exact equivalents; therefore, each system shall
be used independently of the other. Combining values from the
two systems may result in nonconformance with the specifi-
cation.

1.3 The following safety hazard caveat pertains only to the
test methods described in the Test Methods section of this
specification: This standard does not purport to address all of
the safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 153 Test Method for Expansion (Pin Test) of Copper and
Copper Alloy Pipe and Tubing

B 251 Specification for General Requirements for Wrought
Seamless Copper and Copper-Alloy Tube

B 251M Specification for General Requirements for
Wrought Seamless Copper and Copper-Alloy Tube [Met-
ric]

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast

B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials
E 8M Test Methods for Tension Testing of Metallic Mate-

rials [Metric]
E 18 Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials
E 62 Test Methods for Chemical Analysis of Copper and

Copper Alloys (Photometric Methods)
E 75 Test Methods for Chemical Analysis of Copper-Nickel

and Copper-Nickel-Zinc Alloys
E 76 Test Methods for Chemical Analysis of Nickel-Copper

Alloys
E 118 Test Methods for Chemical Analysis of Copper-

Chromium Alloys
E 243 Practice for Electromagnetic (Eddy-Current) Exami-

nation of Copper and Copper-Alloy Tubes
E 255 Practice for Sampling Copper and Copper Alloys

Determination of Chemical Composition
E 478 Test Methods for Chemical Analysis of Copper

Alloys

3. General Requirements

3.1 The following sections of Specification B 251 or
B 251M constitute a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Dimensions, Mass, and Permissable Variations,
3.1.4 Workmanship, Finish, and Appearance,
3.1.5 Sampling,
3.1.6 Number of Tests and Retests,
3.1.7 Test Specimens,
3.1.8 Test Methods,
3.1.9 Significance of Numerical Limits,
3.1.10 Inspection,
3.1.11 Rejection and Rehearing,
3.1.12 Certification,
3.1.13 Packing and Package Marking, and
3.1.14 Mill Test Report.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 1, 2003. Published November 2003. Originally
approved in 1968. Last previous edition approved in 1998 as B 466/B 466 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



3.2 In addition, when a section with a title identical to that
referenced in 3.1, above, appears in this specification, it
contains additional requirements which supplement those ap-
pearing in Specification B 251 or B 251M.

4. Terminology

4.1 Definitions—For definitions of terms related to copper
and copper alloys, refer to Terminology B 846.

4.2 Definitions of Terms Specific to This Standard:
4.2.1 capable of, adj—as used in this specification, the test

need not be performed by the manufacturer or the producer;
however, should subsequent testing by the purchaser establish
that the product does not meet these requirements, the product
shall be subject to rejection.

5. Ordering Information

5.1 Include the following information when placing orders
for product under this specification, as applicable:

5.1.1 ASTM designation and year of issue,
5.1.2 Copper Alloy UNS No. (Scope section),
5.1.3 Temper (Temper section),
5.1.4 Dimensions; diameter or distance between parallel

surfaces, wall thickness, or size (see also Table X1.1).
5.1.5 Total length, total weight, or number of pieces of each

size,
5.1.6 When the product in alloys C71000 or C72200 is to be

welded subsequently (Table 1, Footnote A), and
5.1.7 When product is purchased for an agency of the U.S.

Government (Purchases for U.S. Government section).
5.2 The following options are available and, when required,

are to be specified in the contract or purchase order at the time
of placing of the order.

5.2.1 When tension tests are required for large diameter tube
(Mechanical Property Requirements section),

5.2.2 Hydrostatic Test (Nondestructive Test Requirements
section),

5.2.3 Pneumatic Test (Nondestructive Test Requirements
section),

5.2.4 Heat identification or traceability requirements, or
both,

5.2.5 Certification (Specification B 251 or B 251M),
5.2.6 Mill test report (Specification B 251 or B 251M), and

5.2.7 When product is ordered for ASME Boiler & Pressure
Vessel Code Application.3

6. Materials and Manufacture

6.1 Materials—The material of manufacture shall be cast
billets of copper alloys UNS Nos. C70400, C70600, C70620,
C71000, C71500, C71520, and C72200 as specified in the
ordering information and shall be of such quality and sound-
ness as to be suitable for processing into finished lengths or
coils of tube to meet the properties prescribed herein.

6.2 Manufacture—The product shall be manufactured by
such hot extrusion or piercing and subsequent cold working
and annealing as to produce a uniform, seamless wrought
structure in the finished product.

7. Chemical Composition

7.1 The material shall conform to the chemical composition
requirements prescribed in Table 1 for the copper alloy UNS
No. designation specified in the ordering information.

7.2 These composition limits do not preclude the presence
of other elements. By agreements between the manufacturer or
supplier and purchaser, limits may be established and analysis
required for unnamed elements.

7.2.1 For alloys in which copper is specified as “remainder,”
copper is the difference between the sum of results for all of the
elements determined and 100 %.

7.2.2 When all of the elements in Table 1 are determined,
the sum of results shall be as shown below:

Copper Alloy UNS No.
Copper Plus Named

Elements, % min

C70400 99.5
C70600 & C70620 99.5
C71000 99.5
C71500 & C71520 99.5
C72200 99.8

8. Temper

8.1 Annealed Temper—The product shall be furnished in the
O60 (annealed) temper when specified in the ordering infor-
mation.

3 Available from the American Society of Mechanical Engineers, (ASME
International), Three Park Ave., New York, NY 10016-5990.

TABLE 1 Chemical Requirements

Copper Alloy
UNS Nos.

Composition, %

Copper
incl Silver

Nickel incl
Cobalt

Lead,
max

Iron
Zinc,
max

Manganese
Sulfur,

max
Phosphorus,

max
Chromium

Other Named
Elements

C70400 remainder 4.8 to 6.2 0.05 1.3 to 1.7 1.0 0.30 to 0.8 0.02 0.02 . . . . . .
C70600 remainder 9.0 to 11.0 0.05 1.0 to 1.8 1.0 1.0 max ... ... . . . . . .
C70620 86.5 min 9.0 to 11.0 0.02 1.0 to 1.8 0.50 1.0 max 0.02 0.02 . . . Carbon 0.05

max
C71000 remainder 19.0 to 23.0 0.05A 0.5 to 1.0 1.0A 1.0 max 0.02 0.02 . . . A

C71500 remainder 29.0 to 33.0 0.05 0.40 to 1.0 1.0 1.0 max ... ... . . . . . .
C71520 65.0 min 29.0 to 33.0 0.02 0.40 to 1.0 0.50 1.0 max 0.02 0.02 . . . Carbon 0.05

max
C72200 remainder 15.0 to 18.0 0.05A 0.50 to 1.0 1.0A 1.0 max 0.02 0.02 0.30 to 0.7 A,B

A When the product is for subsequent welding applications, and so specified by the purchaser, zinc shall be 0.50 % max, lead 0.02 % max, and carbon 0.05 % max.
B Silicon 0.03 max, titanium 0.03 max.
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8.2 Drawn Tempers—The product shall be furnished in
either the H55 (light drawn), H80 (hard drawn), or HE80 (hard
drawn and end annealed) temper when specified in the ordering
information.

NOTE 1—The H55 (light drawn) temper is used only when product of
some stiffness yet capable of being bent is needed. The H80 (hard drawn)
temper is used only when there is a need for material as strong as
commercially feasible.

9. Mechanical Property Requirements

9.1 Tensile Strength Requirements—Product furnished un-
der this specification shall conform to the tensile strength
requirements prescribed in Table 2 when tested in accordance
with Test Methods E 8 or E 8M.

9.2 Yield Strength Requirements—Product furnished under
this specification shall conform to the yield strength require-
ments prescribed in Table 2 when tested in accordance with
Test Methods E 8 or E 8M.

9.3 Rockwell Hardness Requirements—Product furnished
under this specification shall conform to the Rockwell hardness
requirements prescribed in Table 2 when tested in accordance
with Test Methods E 18.

9.4 The mechanical requirements for tubes of all alloys in
the H80 temper are only applicable to the following sizes:

Outside Diameter, in. [mm] Wall Thickness, in. [mm]

Up to 1 [25] incl 0.020-0.120 [0.5-3.0] incl
Over 1-2 [25-50] incl 0.035-0.180 [0.9-4.5] incl
Over 2-4 [50-100] incl 0.060-0.250 [1.5-6.5] incl

9.4.1 For other sizes in the H80 (hard drawn) temper, the
mechanical requirements shall be established by agreement
between the manufacturer and the purchaser.

9.5 The mechanical property requirements for tubes of the
HE80 (hard drawn and end annealed) temper shall be estab-
lished by agreement between the manufacturer or supplier and
the purchaser.

9.6 Tension tests are required to be performed for products
having a wall thickness under 0.020 in. [0.5 mm] and an inside
diameter of 0.312 [0.8 mm] or smaller.

9.6.1 Tension tests for other sizes need not be performed
except when indicated in the contract or purchase order at the
time of placing the order.

10. Performance Requirements

10.1 Expansion Test Requirements:
10.1.1 Tube furnished in the O60 (annealed) temper and the

HE80 (hard drawn and end annealed) shall withstand an
expansion to 30 % of the outside diameter when tested in
accordance with Test Method B 153.

10.1.1.1 The expanded sample shall show no cracking or
other defect visible to the unaided eye.

10.1.1.2 The expansion test is not required for tube fur-
nished in tempers other than O60 and HE80.

10.2 Flattening Test Alternative:
10.2.1 As an alternate to the expansion test for product over

4 in. [100 mm] in diameter, the flattening test described in the
Test Method section in 15.2.2 may be performed.

10.2.2 During inspection, the flattened areas of the test
specimen shall be free of defects, but blemishes of a nature that
do not interfere with the intended application are acceptable.

11. Purchases for U.S. Government Agencies

11.1 If the product ordered is for an agency of the U.S.
Government, when specifically stipulated in the contract or
purchase order, the product furnished shall conform to the
conditions specified in the Supplementary Requirements sec-
tion of Specification B 251 or B 251M.

12. Nondestructive Test Requirements

12.1 Electromagnetic (Eddy Current) Test:
12.1.1 Each tube up to and including 3.125-in. [80-mm]

nominal outside diameter shall be subjected to an eddy current

TABLE 2 Mechanical Requirements

Standard
Temper

Former
Temper

Copper Alloy
UNS Nos.

Tensile Strength,
min

Yield Strength,A

min

RockwellB

Hardness
30 T

ksi MPa ksi MPa

O60 Soft annealC C70400 37 255 12 85 45 max
C70600 & C70620 38 260 13 90 45 max

C71000 45 310 16 110 48 max
C71500 & C71520 52 345 18 125 51 max

C72200 40 275 14 95 45 max

H55 Light drawn C70400 40 275 30 205 41 to 65
C70600 & C70620 45 310 35 240 45 to 70

C72200 48 330 42 290 55 to 70

H80 Hard drawn C70400 45 310 35 240 60 min
C70600 & C70620 50 345 40 275 63 min

C71000 55 380 43 295 67 min
C71500 & C71520 70 485 45 310 70 min

C72200 55 380 44 305 67 min
A At 0.5 % extension under load.
B Rockwell hardness values shall apply only to tube or pipe having a wall thickness of 0.020 in. [0.5 mm] or over and an outside diameter of 5⁄16 in. [8 mm] or over. For

all other tube no Rockwell hardness values shall apply. Rockwell hardness tests shall be made on the inside surface of the tube. When suitable equipment is not available
for determining the specified Rockwell hardness, other Rockwell scales and values may be specified subject to agreement between the manufacturer and the purchaser.

C Although no minimum grain size is specified, the product must nevertheless have fully recrystallized grain structure.
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test. Testing shall follow the procedures of Practice E 243 and
the Test Methods section of this specification.

12.1.1.1 The provisions for the determination of “end-
effect” in Practice E 243 shall not apply.

12.1.1.2Hydrostatic Test Alternative—As an alternative to
the eddy current test for tubes of diameters above 1.25 in. [32
mm], the manufacturer shall have the option to perform the
hydrostatic test to the method in the Test Methods section.

12.1.2 The tested tubes, which do not actuate the signaling
device of the testing unit, shall be considered as conforming to
the requirements of the test.

12.1.3 Either notch depth or drilled hole standards shall be
used.

12.1.3.1 Notch depth standards shall be 22 % of the wall
thickness.

12.1.3.2 The sizes of drilled hole standards shall in accor-
dance with Table X1.2 of Practice E 243.

12.2 Hydrostatic Test:
12.2.1 When specified in the contract or purchase order, or

as an alternate to the eddy current test for tubes above 1.25 in.
[32 mm] in diameter (see 12.1.1.2), each tube shall stand,
without showing evidence of leakage, an internal hydrostatic
pressure sufficient to produce a fiber stress of 7000 psi [48
MPa] as determined by the following equation for thin hollow
cylinders under tension:

P 5 2St/~D 2 0.8t! (1)

where:
P = hydrostatic pressure, psi [MPa];
t = wall thickness of the material, in. [mm];
D = outside diameter of the material, in. [mm]; and
S = allowable stress of the material, psi [MPa].

12.2.1.1 The tube need not be subjected to a pressure gage
reading over 1000 psi [7 MPa] unless specifically stipulated in
the contract or purchase order.

12.2.2 When the hydrostatic test is specified for tubes of less
than 0.50 in. [12 mm] in outside diameter and less than 0.060
in. [1.5 mm] in wall thickness, the manufacturer shall have the

option to perform either the hydrostatic test to the requirements
specified in 12.2 or the pneumatic test to the requirements
specified in 12.3.

12.3 Pneumatic Test—When specified in the contract or
purchase order, each tube shall be subjected to a minimum
internal air pressure of 60 psig [415 kPa] for 5s without
showing evidence of leakage.

13. Dimensions, Mass, and Permissible Variations

13.1 Wall Thickness Tolerances—The wall thickness toler-
ances shall be in accordance with Table 3.

13.2 Diameter Tolerances—The diameter tolerances shall
be in accordance with Table 4.

13.3 Tolerance on distances between parallel surfaces for
tubes other than round shall be as agreed between the manu-
facturer or supplier and purchaser.

13.4 The following tolerances shall be in accordance with
the applicable subsection of Section 5 of the current edition of
Specification B 251 or B 251M as follows:

13.4.1 Length Tolerances—Section 5.5 and Table 5.
13.4.2 Roundness—Section 5.4.
13.4.3 Squareness of Cut—Section 5.6.
13.4.4 Straightness Tolerances—Section 5.7.1 and Table 7.

14. Specimen Preparation

14.1 Chemical Analysis—Analytical specimen preparation
shall be the responsibility of the reporting laboratory.

14.2 Flattening Test—A test specimen shall be cut to a
length that will allow the tube to be flattened once, with the
flattened area to be at least 4 in. [100 mm] in length. When the
temper is other than annealed, the sample may be annealed
prior to testing.

15. Test Methods

15.1 Chemical Analysis:
15.1.1 Composition shall be determined, in case of dis-

agreement, as follows:

TABLE 3 Wall Thickness Tolerances

NOTE 1—Maximum Deviation of Any Point—The following tolerances are plus and minus; if tolerances all plus or all minus are desired, double the
values given.

Wall Thickness, in. [mm]

Outside Diameter,A in. [mm]

1⁄32 to 1⁄8
[0.80 to 3.2] incl

Over 1⁄8 to 5⁄8
[3.2 to 16], incl

Over 5⁄8 to 1
[16 to 25], incl

Over 1 to 2
[25 to 50] incl

Over 2 to 4
[50 to 150] incl

Over 4 to 7
[100 to 200] incl

Over 7 to 10
[200 to 250], incl

Up to 0.017 [.40] incl 0.0025 [0.064] 0.0015 [0.38] 0.002 [0.057] 0.0025 [0.064] . . . . . . . . .
Over 0.017 to 0.024 [0.040 to 0.60]
incl

0.004 [0.10] 0.0025 [0.064] 0.0025 [0.064] 0.003 [0.076] . . . . . . . . .

Over 0.024 to 0.034 [0.60 to 0.90]
incl

0.004 [0.10] 0.003 [0.076] 0.003 [0.076] 0.004 [0.10] 0.005 [0.013] . . . . . .

Over 0.034 to 0.057 [0.90 to 1.4]
incl

0.004 [0.10] 0.004 [0.10] 0.0045 [0.11] 0.0045 [0.11] 0.0065 [0.17] 0.009 [0.23] . . .

Over 0.057 to 0.082 [1.4 to 2.1] incl . . . 0.0045 [0.11] 0.005 [0.13] 0.005 [0.13] 0.0075 [0.19] 0.010 [0.25] 0.013 [0.33]
Over 0.082 to 0.119 [2.1 to 3.0] incl . . . 0.005 [0.13] 0.0065 [0.17] 0.0065 [0.17] 0.009 [0.23] 0.011 [0.28] 0.014 [0.36]
Over 0.119 to 0.164 [3.0 to 4.2] incl . . . 0.007 [0.18] 0.007 [0.18] 0.0075 [0.19] 0.010 [0.25] 0.013 [0.33] 0.015 [0.38]
Over 0.164 to 0.219 [4.2 to 5.5] incl . . . . . . 0.009 [0.23] 0.010 [0.25] 0.012 [0.30] 0.015 [0.38] 0.018 [0.46]
Over 0.219 to 0.283 [5.5 to 7.2] incl . . . . . . 0.012 [0.30] 0.013 [0.33] 0.015 [0.38] 0.018 [0.46] 0.020 [0.51]
Over 0.283 to 0.379 [7.2 to 9.6] incl . . . . . . . . . 0.15 [0.38] 0.018 [0.46] 0.020 [0.51] 0.023 [0.58]
Over 0.379 [9.6] . . . . . . . . . 6B 6B 8B 8B

A When tube is ordered by outside and inside diameters, the maximum plus and minus deviation of the wall thickness from the nominal at any point shall not exceed
the values given in this table by more than 50 %.

B Percent of the specified wall thickness expressed to the nearest 0.001 in. [0.025 mm].
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Element Test Method

Carbon E 76
Chromium E 118
Copper E 478
Iron E 478
Lead E 478; atomic absorption
Manganese E 62
Nickel E 478; photometric
Phosphorus E 62
Sulfur E 76
Zinc E 478; titrimetric

15.1.2 Test methods for the determination of element(s)
required by contractual or purchase order agreement shall be as
agreed upon by the manufacturer or supplier and the purchaser.

15.2 Other Tests:
15.2.1 Tensile Strength—Tensile strength shall be deter-

mined in accordance with Test Methods E 8 or E 8M.
15.2.1.1 Whenever test results are obtained from both full-

size and machined specimens and they differ, the test results
from the full-size specimens shall prevail.

15.2.2 Flattening Test—Each test specimen shall be flat-
tened in a press. The flattened area shall be at least 4 in. [100
mm] in length. A flattened test specimen shall allow a mi-
crometer caliper set at three (3) times the wall thickness to pass
freely over the flattened area. The flattened areas of the test
specimen shall be inspected for surface defects.

15.2.3 Electromagnetic (Eddy Current) Test—Testing shall
follow the procedures in Practice E 243, except for the deter-
mination of “end-effect.”

15.2.3.1 Notch-depth standards shall be rounded to the
nearest 0.001 in. [0.025 mm]. The notch depth tolerance shall
be 60.0005 in. [0.013 mm].

15.2.3.2 Drilled hole standards shall be rounded to the
nearest 0.001 in. (0.025 mm). The drilled hole tolerance shall
be 60.0005 in. [0.013 mm].

15.2.3.3 Alternatively, at the option of the manufacturer,
using speed-insensitive eddy current testing units that are
equipped so that a percentage of the maximum imbalance
signal can be selected, a maximum imbalance signal of 0.3 %
shall be used.

15.2.3.4 Tubes that do not activate the signaling device of
the eddy current tested shall be considered as conforming to the
requirements of this test. Tubes with discontinuities indicated
by the testing unit are permitted, at the option of the manufac-
turer, to be reexamined or retested to determine whether the
discontinuity is cause for rejection. Signals that are found to
have been caused by minor mechanical damage, soil, or
moisture shall not be cause for rejection of the tubes provided
the tube dimensions are still within prescribed limits and the
tune is suitable for its intended application.

15.2.4 Hydrostratic Test—The test method used shall permit
easy visual detection of any leakage or by pressure differential.
Any evidence of leakage shall be cause for rejection.

15.2.5 Pneumatic Test—The test method used shall permit
easy visual detection of any leakage or by pressure differential.
Any evidence of leakage shall be cause for rejection.

16. Certification

16.1 When the product is specified to meet the requirements
of the ASME Boiler and Pressure Vessel Code, the certification
requirements of Specification B 251 or B 251M are mandatory.

17. Keywords

17.1 copper-nickel; pipe; seamless; tube; UNS No. C70400;
UNS No. C70600; UNS No. C70620; UNS No. C71000; UNS
No. C71500; UNS No. C71520; UNS No. C72200

TABLE 4 Average Diameter A Tolerances

Specified Diameter Tolerance Applies to

Tolerances, plus and minus,B in.
for Tubes of Copper Alloy UNS
Nos. C70400, C70600, C70620,
C71000, C71500, C71520, and

C72200

Tolerances, plus and minus,B

mm for Tubes of Copper Alloy
UNS Nos. C70400, C70600,
C70620, C71000, C71500,

C71520, and C72200

in. mm

Up to 1⁄8 , incl Up to 3.2, incl inside diameter 0.003 0.076
Up to 1⁄8 , incl Up to 3.2, incl outside diameter 0.0025 0.064

Over 1⁄8 to 5⁄8 , incl Over 3.2 to 16, incl inside or outside 0.0025 0.064
Over 5⁄8 to 1, incl Over 16 to 25, incl inside or outside 0.003 0.076
Over 1 to 2, incl Over 25 to 50, incl inside or outside 0.004 0.10

Over 2 to 3, incl Over 50 to 75, incl inside or outside 0.005 0.13
Over 3 to 4, incl Over 75 to 100, incl inside or outside 0.006 0.15
Over 4 to 5, incl Over 100 to 125, incl inside or outside 0.008 0.20

Over 5 to 6, incl Over 125 to 150, incl inside or outside 0.009 0.23
Over 6 to 8, incl Over 150 to 200, incl inside or outside 0.010 0.25
Over 8 to 10, incl Over 200 to 250, incl inside or outside 0.013 0.33
A The average outside or inside diameter of a tube is the average of the maximum and minimum outside diameters, or of the maximum and minimum inside diameters,

whichever is applicable, as determined at any one cross section of the tube.
B If tolerances all plus or all minus are desired, double the values given.
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APPENDIX

(Nonmandatory Information)

X1. Preferred Sizes

X1.1 It is recommended that wherever possible, product
purchased to this specification be ordered to the diameters and
wall thickness indicated in Table X1.1.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 466/B 466M – 98) that may impact the use of this standard. (Approved Oct. 1, 2003.)

(1) A five-year review was conducted. Editorial revisions to
some sections were made to incorporate current form and style
practice.
(2) The chemical requirements for Copper Alloy UNS No.
C72200 were corrected in Table 1.

(3) The chemical requirements for Copper Alloys UNS Nos.
C70600 and C71500 were corrected and the requirements of
their respective welding grades, C70620 and C71520, were
added to Table 1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Preferred Wall Thicknesses for Drawn Seamless Pipe Based on SPS Diameter

SPS
Outside Dia-

meter, in. [mm]

Wall Thickness

Specials Regular,
in. [mm]

Extra Strong,
in. [mm]in. [mm] in. [mm] in. [mm] in. [mm] in. [mm]

1⁄8 0.405 [10.3] 0.058 [1.47] ... ... ... ... 0.062 [1.57] 0.100 [2.54]
1⁄4 0.540 [13.7] 0.065 [1.65] 0.072 [1.83] ... ... ... 0.082 [2.08] 0.123 [3.12]
3⁄8 0.675 [17.1] 0.065 [1.65] 0.072 [1.83] 0.095 [2.41] 0.148 [3.76] ... 0.090 [2.29] 0.127 [3.23]

1⁄2 0.840 [21.3] 0.065 [1.65] 0.072 [1.83] 0.120 [3.03] 0.203 [5.16] ... 0.107 [2.72] 0.149 [3.78]
3⁄4 1.050 [26.7] 0.065 [1.65] 0.083 [2.11] 0.148 [3.76] 0.238 [6.05] ... 0.114 [2.90] 0.157 [3.99]
1 1.315 [33.4] 0.065 [1.65] 0.095 [2.41] 0.203 [5.16] 0.340 [8.64] ... 0.126 [3.20] 0.182 [4.62]

11⁄4 1.650 [42.4] 0.072 [1.83] 0.095 [2.41] 0.120 [3.03] 0.220 [5.59] 0.380 [9.65] 0.146 [3.71] 0.194 [4.93]
11⁄2 1.900 [48.3] 0.072 [1.83] 0.109 [2.77] 0.134 [3.40] 0.250 [6.35] 0.425 [10.8] 0.150 [3.81] 0.203 [5.16]
2 2.375 [60.3] 0.083 [2.11] 0.120 [3.03] 0.165 [4.19] 0.340 [8.64] 0.520 [13.2] 0.156 [3.96] 0.221 [5.61]

21⁄2 2.875 [73.0] 0.083 [2.11] 0.134 [3.40] 0.203 [5.16] 0.380 [9.65] ... 0.187 [4.75] 0.280 [7.11]
3 3.500 [88.9] 0.095 [2.41] 0.165 [4.19] 0.250 [6.35] 0.458 [11.6] ... 0.219 [5.56] 0.304 [7.72]

31⁄2 4.000 [102] 0.095 [2.41] 0.180 [4.57] 0.284 [7.21] ... ... 0.250 [6.35] 0.321 [8.15]

4 4.500 [114] 0.109 [2.77] 0.203 [5.16] 0.340 [8.64] ... ... 0.250 [6.35] 0.341 [8.66]
5 5.552 [141] 0.125 [3.18] 0.220 [5.59] 0.425 [10.8] ... ... 0.250 [6.35] 0.375 [9.52]
6 6.625 [168] 0.134 [3.40] 0.259 [6.58] 0.457 [11.6] ... ... 0.250 [6.35] 0.437 [11.1]
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Designation: B 467 – 88 (Reapproved 2003)

Standard Specification for
Welded Copper-Nickel Pipe 1

This standard is issued under the fixed designation B 467; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers welded copper-nickel alloy
pipe for general engineering purposes. The following alloys are
covered:2

Copper Alloy
UNS No.2

Previously Used
Designation

Nominal Composition, %
Copper Nickel

C70600 706 90 10
C71500 715 70 30

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:3

B 153 Test Method for Expansion (Pin Test) for Copper and
Copper-Alloy Pipe and Tubing

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast

E 8 Test Methods of Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 75 Test Methods for Chemical Analysis of Copper-Nickel

and Copper-Nickel-Zinc Alloys
E 243 Practice for Electromagnetic (Eddy-Current) Exami-

nation of Copper and Copper-Alloy Tubes
E 255 Practice for Sampling Copper and Copper Alloys for

the Determination of Chemical Composition

E 527 Practice for Numbering Metals and Alloys (UNS)
2.3 Other Documents:
American Welding Society Specification A 5.64

American Welding Society Specification A 5.74

3. Terminology

3.1 Definitions:
3.1.1 welded pipe—product made from sheet, strip, or plate

with a seam made by welding.
3.1.2 flash or bead—weld metal that protrudes beyond the

normal wall, both inside and outside.
3.1.3 scarfing—the removing of flash or bead by a cutting

operation.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 capable of—as used in this specification, the test is not

mandatory under the terms of this specification unless defi-
nitely specified in the purchase order; however, should subse-
quent testing by the purchaser establish that the material does
not meet these requirements, the material may be rejected.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 Copper Alloy UNS No. (Section 1 and Table 1),
4.1.2 Temper (Section 9),
4.1.3 Radiographic examination (Section 11),
4.1.4 Dimensions: diameter and wall thickness (see 12.3,

section 12.4, and section 12.5),
4.1.5 Lengths: whether specific or stock (see section 12.6),
4.1.6 Quantity of each size,
4.1.7 If the product is to be subsequently welded (see Table

1 and Footnote D), and
4.1.8 Packing and marking (Section 20).

5. Types of Welded Pipe

5.1 As-Welded—Pipe that has been welded with no further
work performed other than straightening or cutting to length, or
both.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 1, 2003. Published November 2003. Originally
approved in 1986. Last previous edition approved in 1997 as B 467 – 88 (1997).

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Available from The American Welding Society (AWS), 550 NW LeJeune Rd.,
Miami, FL 33126.

1
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5.2 Welded and Annealed—Welded pipe that has been
annealed to produce a uniform grain size appropriate to the
specified annealed temper.

5.3 Welded and Cold Drawn—Welded pipe with internal
flash removed by scarfing, and subsequently cold drawn to
conform to the specified temper.

5.4 Fully Finished—Welded pipe with internal and external
flash removed by scarfing and the pipe or tube subsequently
cold drawn over a mandrel and annealed as necessary to
conform to the specified temper.

6. Chemical Composition

6.1 The material shall conform to the chemical requirements
specified in Table 1.

6.2 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser.

6.2.1 For copper alloys in which copper is specified as the
remainder, copper may be taken as the difference between the
sum of all the elements analyzed and 100 %.

6.2.1.1 When all the elements in Table 1 are analyzed, their
sum shall be 99.5 % minimum.

7. Flash

7.1 If the pipe is made by the high-frequency welding
process, the external flash shall always be removed. The
internal flash shall be treated as one of the following:

7.1.1 IFI—Internal flash to remain in the “as-welded”
condition,

7.1.2 IFR—Internal flash to be removed by scarfing, or
7.1.3 IFD—Internal flash to be displaced.
7.2 Unless otherwise specified, the IFI condition will be

furnished.

8. Filler Material

8.1 Filler material, if used in the welding process, shall
conform to classification ECuNi of AWS Specification A5.6 or
RCuNi of AWS Specification A5.7.

9. Temper

9.1 The pipe shall be supplied in any one of the following
tempers as specified and shall meet the mechanical require-
ments of Table 2, Table 3, and Table 4:

9.1.1 As welded from annealed sheet, strip, or plate
(WM50),

9.1.2 As welded from cold-worked sheet, strip, or plate
(WM00, WM01, WM02, etc.).

9.1.3 Welded and annealed (WO50),

9.1.4 Welded and cold drawn in either light drawn (Copper
Alloy UNS No. C70600 only) or hard drawn, stress relieved
(WR00), (WR04), or

9.1.5 Fully finished as annealed (WO61) light drawn (Cop-
per Alloy UNS No. C70600 only), or hard drawn, stress
relieved (WH00, WH04).

10. Dimensions and Permissible Variations

10.1 For purposes of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the specified limiting values for any
dimension may be cause for rejection.

TABLE 1 Chemical Requirements

Copper Alloy
UNS NoA

Composition, %

CopperB NickelC Lead,D max Iron Zinc,D max
Manganese,

max
Sulfur,
max

Phosphorus,
max

Other Named
Elements

C70600 remainder 9.0–11.0 0.05 1.0–1.8 1.0 1.0 0.02 0.02 D

C71500 remainder 29.0–33.0 0.05 0.40–1.0 1.0 1.0 0.02 0.02 D

A New designation established in accordance with Practice E 527.
B Silver counting as copper.
C Cobalt counting as nickel.
D When the product is for subsequent welding applications and so specified by the purchaser, zinc shall be 0.50 % max, lead 0.02 % max, and carbon 0.05 % max.

TABLE 2 Mechanical Requirements of As-Welded and Fully
Finished Pipe When Furnished in the Annealed Temper (WO61)

Copper
Alloy
UNS
No.

Outside Diameter,
in. (mm)

Tensile
Strength,
min, ksiA

(MPaB)

Yield
Strength at
0.5 % Ex-

tension Under
Load, min,

ksiA (MPaB)

Elongation
in 2 in.

(50.8 mm),
min, %

C70600 up to 41⁄2 (114), incl 40 (275) 15 (105) 25.0
over 41⁄2 (114) 38 (260) 13 (90) 25.0

C71500 up to 41⁄2 (114), incl 50 (345) 20 (140) 30.0
over 41⁄2 (114) 45 (310) 15 (105) 30.0

A ksi = 1000 psi.
B See Appendix X2.

TABLE 3 Mechanical Requirements of Welded and Cold-Drawn
and Fully Finished Pipe in Drawn Tempers

Copper
Alloy

UNS No.

Outside Diameter,
in. (mm)

Tensile
Strength,
min, ksiA

(MPaB)

Yield
Strength at
0.5 % Ex-

tension Un-
der Load,
min, ksiA

(MPaB)

Elonga-
tion in
2 in.

(50.8 mm),
min, %

C71500 up to 2 (50.8), incl, for
wall thicknesses up to
0.048 (1.21 mm), incl.

72 (495) 50 (345) 12.0

for wall thicknesses over
0.048 in. (1.21 mm)

72 (495) 50 (345) 15.0

A ksi = 1000 psi.
B See Appendix X2.

TABLE 4 Mechanical Requirements of As-Welded Pipe

Copper
Alloy UNS

No.
Condition

Outside Diam-
eter, in. (mm)

Tensile
Strength,
min, ksi
(MPa)

Yield Strength
at 0.5 % Ex-

tension Under
Load, min, ksi

(MPa)
C70600 welded from annealed

strip
up to 41⁄2 (114),

incl
45 (310) 30 (205)

welded from cold-
rolled strip

up to 41⁄2 (114),
incl

54 (375) 45 (310)

B 467 – 88 (2003)
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NOTE 1—Blank spaces in the tolerance tables indicate that the material
is not generally available or that no tolerance has been established (see
Appendix X1).

10.2 Outside Diameter Tolerances:
10.2.1 The outside diameter for round pipe furnished “as-

welded,” “as-welded and drawn,” and “as-welded fully fin-
ished” shall conform to the tolerances in Table 5 except as
noted in 10.2.2.

10.2.2 These outside diameter tolerances shall not apply to
the “as-welded” pipe when measured across that portion which
contains the weld zone.

10.3 Wall Thickness Tolerances:
10.3.1 The wall thickness of pipe furnished in drawn

tempers or as fully finished shall conform to the tolerances
shown in Table 6, except as noted in 10.3.2 and 10.3.3.

10.3.2 The tolerances of Table 6 shall not apply to that
portion of the “as-welded” wall which contains the weld flash
or bead.

10.3.3 The tolerances of Table 6 shall be increased by
100 % for that portion of the “as-welded” wall which contains
the weld zone.

10.4 Lengths and Tolerances:
10.4.1 Pipe in straight lengths shall be furnished in stock

lengths with ends included unless the order requires specific
lengths or specific lengths with ends.

10.4.2 The tolerances for pipe furnished in straight lengths
shall be as shown in Table 7.

10.4.3 The schedule for pipe furnished with specific or stock
lengths with ends shall be in accordance with Table 8.

10.5 Squareness of Cut—The departure from squareness of
the end of any pipe shall not exceed 0.016 in./in. (0.016
mm/mm) of diameter.

10.6 Roundness—The difference between the major and
minor diameter of pipe as determined at any one cross section
shall not exceed 3 % of the nominal outside diameter.

11. Workmanship, Finish, and Appearance

11.1 The pipe shall be free of defects of a nature that
interferes with normal commercial applications. It shall be well
cleaned and free of dirt.

12. Sampling and Number of Tests

12.1 Sampling—The lot size, portion size, and selection of
pieces shall be as follows:

12.1.1 Lot Size:

Outside Diameter, in. (mm) Lot Size, lb (kg)
Up to 4 10 000 (4550)

(102), incl
Over 4 (102) 20 000 (9100)

12.1.2 Portion Size:
No. of Pieces

in Lot
No. of Sample Pieces to Be Taken

1 to 50 1
51 to 200 2

201 to 1500 3
Over 1500 0.2 % of the total number of pieces in the lot

12.2 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
milling, and so forth, shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 12.1.2 and combined into one composite sample. The
minimum weight of composite sample for chemical analysis
shall be 150 g divided into three equal parts.

12.2.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semifinished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

12.2.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

12.2.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 lb
(4550 kg) or fraction thereof, except that not more than one
sample shall be required per piece.

12.2.1.3 Due to the discontinuous nature of the processing
of castings into wrought products, it is not practical to identify
specific castings analysis with a specific quantity of finished
material.

12.2.1.4 In the event that heat indentification or traceability
is required, the purchaser shall specify the details desired.

12.3 Tension Tests—For the tension tests a specimen shall
be taken from each of the pieces selected in accordance with
12.1. The required tension tests shall be made on each of the
specimens so selected.

13. Retests

13.1 If any test specimen shows defective machining or
develops flaws, it may be discarded and another specimen
substituted.

13.2 If the percentage elongation of any tension test speci-
men is less than that specified and any part of the fracture is
outside the middle two thirds of the gage length or in a punched
or scribed mark within the reduced section, a retest shall be
allowed.

13.3 If the results of any test made to determine the
mechanical properties fail to meet the specified limits, this test
shall be repeated on each of two additional specimens taken

TABLE 5 Average Outside Diameter A Tolerances

Specified Diameter, in. (mm)
Tolerances, plus and minus,B in. (mm)

for Pipe of Copper Alloy UNS Nos.
C70600, C71000, C71500

Over 2 to 3 (50.8 to 76.2), incl 0.005 (0.13)
Over 3 to 4 (76.2 to 102), incl 0.006 (0.15)
Over 4 to 5 (102 to 127), incl 0.008 (0.20)
Over 5 to 6 (127 to 152), incl 0.009 (0.23)
Over 6 to 8 (152 to 203), incl 0.010 (0.25)
Over 8 to 10 (203 to 254), incl 0.013 (0.33)
Over 10 to 12 (254 to 305), incl 0.015 (0.38)
Over 12 (305) 0.5 %

A The average outside diameter of a pipe is the average of the maximum and
minimum outside diameters, as determined at any one cross section.

B If tolerances all plus or all minus are desired, double the values given.
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from different pieces and the results of both of these tests shall
comply with the specified requirements.

13.4 If the chemical analysis fails to conform to the speci-
fied limits, analysis shall be made on a new composite sample
prepared from additional pieces selected in accordance with
13.1. The results of this retest shall comply with the specified
requirements.

14. Expansion Test for Pipe

14.1 The annealed material shall be capable of (see 3.2.1)
being expanded in accordance with Test Method B 153 to 30 %

of its outside diameter. Tube supplied in the “as welded”
condition shall be expanded to 20 % of its outside diameter.

14.2 The annealed ends of pipe furnished end annealed shall
be capable of being expanded 30 % of its outside diameter in
accordance with Test Method B 153.

14.3 Pipe furnished in other tempers is not subject to this
test.

15. Nondestructive Tests for Pipe

15.1 Radiographic Examination—Radiographic exami-
nation of the welds shall be as agreed upon.

15.2 Eddy-Current Test—Each pipe of nominal outside
diameter within the capabilities of the eddy-current tester shall
be subjected to an eddy-current test. Testing shall follow the
procedures of Practice E 243. The pipe shall be passed through
an eddy-current testing unit adjusted to provide information on
the suitability of the material for the intended application.

15.2.1 Notch depth standards rounded to the nearest 0.001
in. (0.025 mm) shall be 22 % of the nominal wall thickness.
The notch depth tolerance shall be60.0005 in. (0.013 mm).

15.2.1.1 Pipe that does not actuate the signaling device of
the eddy-current tester shall be considered as conforming to the
requirements of this test. Pipe with discontinuities indicated by
the testing unit may be reexamined or retested, at the option of
the manufacturer, to determine whether the discontinuity is
cause for rejection. Signals that are found to have been caused
by minor mechanical damage, soil, or moisture, shall not be
cause for rejection of the pipe, provided the dimensions are still
within prescribed limits and the pipe is suitable for its intended
application.

15.3 Other Nondestructive Tests—The material shall be
tested in the final size, and unless otherwise agreed upon by the
manufacturer or supplier and purchaser, it may be tested prior
to the final anneal or heat treatment when these heat treatments
are required. By agreement between the manufacturer or

TABLE 6 Wall Thickness Tolerances, in. (mm)

NOTE 1—Maximum Deviation at Any Point:The following tolerances are plus and minus; if tolerances all plus or all minus are desired, double the
values given.

Outside Diameter, in. (mm)

Up to 21⁄2 (63.5),
incl

Over 21⁄2 to 41⁄2
(63.5 to 114), incl

Over 41⁄2 to 61⁄2
(114 to 165), incl

Over 61⁄2 to 9 (165
to 230), incl

Over 9 to 111⁄2
(230 to 292), incl

Over 111⁄2
(292)

To 0.017 (0.43), incl 0.0013 ... ... ... ... ...
(0.0033)

Over 0.017 to 0.021 (0.43 to 0.53), incl 0.0015 ... ... ... ... ...
(0.038)

Over 0.021 to 0.026 (0.53 to 0.66), incl 0.002 ... ... ... ... ...
(0.051)

Over 0.026 to 0.037 (0.66 to 0.94), incl 0.0025 0.003 ... ... ... ...
(0.064) (0.076)

Over 0.037 to 0.050 (0.94 to 1.27), incl 0.003 0.0035 0.0035 ... ... ...
(0.076) (0.089) (0.089)

Over 0.050 to 0.073 (1.27 to 1.85), incl 0.0035 0.004 0.004 0.007 ... ...
(0.089) (0.10) (0.10) (0.18)

Over 0.073 to 0.130 (1.85 to 3.30), incl 0.004 0.0045 0.0045 0.008 ... ...
(0.10) (0.11) (0.11) (0.20)

Over 0.130 to 0.205 (3.30 to 5.20), incl 0.0045 0.005 0.005 0.010 0.012 0.014
(0.11) (0.12) (0.12) (0.25) (0.30) (0.36)

Over 0.205 to 0.300 (5.20 to 7.61), incl 0.005 0.006 0.006 0.012 0.014 0.018
(0.12) (0.15) (0.15) (0.30) (0.36) (0.46)

Over 0.300 to 0.500 (7.61 to 12.7) and over 0.006 0.007 0.007 0.019 0.017 0.023
(0.15) (0.18) (0.18) (0.48) (0.43) (0.58)

TABLE 7 Length Tolerances for Pipe Furnished in Straight
Lengths A

Length
Tolerances, in. (mm)
Applicable Only to
Full-Length Pieces

Specific Lengths:
Up to 6 in. (152 mm), incl 1⁄16 (1.6)
Over 6 in. to 2 ft (152 to 610 mm), incl 3⁄32 (2.4)
Over 2 to 6 ft (610 mm to 1.83 m), incl 1⁄8 (3.2)
Over 6 to 14 ft (1.83 to 4.27 m), incl 1⁄4 (6.4)
Over 14 ft (4.27 m) 1⁄2 (13)

Specific lengths with ends 1 (25)
Stock lengths with or without ends 1 (25)

A As stock lengths are cut and placed in stock in advance of orders, departure
from this tolerance is not practicable.

TABLE 8 Schedule of Specific and Stock Lengths with Ends
Included

Major Outside Di-
mensions, in. (mm)

Nominal Length, ft
(m)

Shortest
Permissible
Length,A %
of Nominal

Length

Maximum
Permissible
Weight of

Ends, % of
Lot Weight

Up to 3 (76.2), incl 6 to 20 (1.85 to 6.10),
incl

55 30

Over 3 to 31⁄2 (76.2
to 88.9), incl

6 to 20 (1.85 to 6.10),
incl

50 40

A Expressed to the nearest 1⁄2 ft (150 mm).
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supplier and purchaser, testing of the material by one of the
methods in 15.3.1 and 15.3.2 may be required.

15.3.1 Hydrostatic Test—When specified, the pipe shall
withstand, without showing weakness or defects, an internal
hydrostatic pressure sufficient to subject the material to a fiber
stress of 7000 psi (48 MPa), determined by the following
equation for thin hollow cylinders under tension. The pipe need
not be tested at a hydrostatic pressure of over 1000 psig (7
MPa), unless so specified.

P 5 2St~D 2 0.8t! (1)

where:
P = hydrostatic pressure, psig (or MPa),
t = wall thickness of the pipe, in. (or mm),
D = outside diameter of the pipe, in. (or mm), and
S = allowable stress of the material.

15.3.2 Pneumatic Test—When specified, the pipe shall be
subjected to an internal air pressure of 60 psig (400 kPa)
minimum for 5 s without showing evidence of leakage. The
test method used shall permit easy visual detection of any
leakage, such as by having the pipe under water or by the
pressure-differential method. Any evidence of leakage shall be
cause for rejection.

16. Test Methods

16.1 The properties enumerated in this specification shall, in
case of disagreement, be determined in accordance with the
following ASTM test methods:

Test
ASTM

Designation

Chemical analysis E 75
Tension test E 8

16.2 Tension test specimens shall be of the full section of
the pipe and shall conform to the requirements of Test
Specimens section of Test Methods E 8, unless the limitations
of the testing machine preclude the use of such a specimen.
Test specimens conforming to Type No. 1 of Fig. 13, Tension
Test Specimen for Large-Diameter Tubular Products, of Test
Methods E 8 may be used when a full-section specimen cannot
be tested.

16.3 Whenever tension test results are obtained from both
full-size and from machined test specimens and they differ, the
results obtained from full-size test specimens shall be used to
determine conformance to the specification requirements.

16.4 Tension test results on material covered by this speci-
fication are not seriously affected by variations in speed of
testing. A considerable range of testing speed is permissible;
however, the rate of stressing to the yield strength should not

exceed 100 ksi (690 MPa)/min. Above the yield strength the
movement per minute of the testing machine head under load
should not exceed 0.5 in./in. (0.5 mm/mm) of gage length (or
distance between grips for full-section specimens).

17. Significance of Numerical Limits

17.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, and observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property Rounded Unit for Observed or Calculated Value

Chemical composition nearest unit in the last right-hand place of figures
of the specified limit

Tensile strength
Yield strength%

nearest ksi (nearest MPa up to 10 ksi, incl, nearest
5 MPa over 10 ksi)

Elongation nearest 1 %

18. Rejection and Rehearing

18.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the manufacturer or supplier promptly and in writing. In case
of dissatisfaction with the results of the test, the manufacturer
or supplier may make claim for a rehearing.

19. Certification

19.1 When specified on the purchase order, the manufac-
turer shall furnish to the purchaser a certificate stating that each
lot has been sampled, tested, and inspected in accordance with
this specification and has met the requirements.

19.2 When material is specified to meet the requirements of
ASME Boiler and Pressure Vessel Code, the certification
requirements are mandatory.

20. Packaging and Package Marking

20.1 The material shall be separated by size, composition,
and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

20.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, shape, total length or piece count, or both, and name of
supplier. The specification number shall be shown when
specified.

21. Mill Test Report

21.1 When specified on the purchase order, the manufac-
turer shall furnish to the purchaser a test report showing results
of tests required by the specification.
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APPENDIXES

(Nonmandatory Information)

X1. SUGGESTED SIZES FOR PIPE

X1.1 Suggested wall thickness for welded copper-nickel
alloy pipe are given in Table X1.1.

X2. METRIC EQUIVALENTS

X2.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Suggested Wall Thicknesses of Welded Pipe Based
on SPS Diameters

SPS, in.
Outside

Diameter, in.
(mm)

Wall Thickness, in. (mm)

A B C

2.5 2.875 (73.0) ... 0.083 (2.11) 0.134 (3.40)
3 3.500 (88.9) ... 0.095 (2.42) 0.165 (4.19)
3.5 4.000 (102) ... 0.095 (2.42) 0.180 (4.57)
4 4.500 (114) ... 0.109 (2.77) 0.203 (5.15)
4.5 5.000 (127) ... 0.120 (3.05) 0.203 (5.15)
5 5.563 (141) ... 0.125 (3.17) 0.220 (5.59)
6 6.625 (168) ... 0.134 (3.40) 0.259 (6.57)
7 7.625 (194) ... 0.134 (3.40) 0.284 (7.21)
8 8.625 (219) ... 0.148 (3.76) 0.340 (8.64)
9 9.625 (244) ... 0.187 (4.75) 0.340 (8.64)

10 10.750 (273) 0.134 (3.40) 0.187 (4.75) 0.380 (9.65)
12 12.750 (324) 0.156 (3.96) 0.250 (6.35) 0.454 (11.5)
14 14.0 (355) 0.165 (4.19) ... ...
16 16.0 (406) 0.165 (4.19) ... ...
18 18.0 (457) 0.180 (4.57) ... ...
20 20.0 (508) 0.180 (4.57) ... ...
24 24.0 (609) 0.180 (4.57) ... ...
30 30.0 (761) 0.250 (6.35) ... ...

B 467 – 88 (2003)

6



Designation: B 505/B 505M – 02

Standard Specification for
Copper Alloy Continuous Castings 1

This standard is issued under the fixed designation B 505/B 505M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes requirements for continu-
ously cast rod, bar, tube, and shapes produced from copper
alloys with nominal compositions as listed in Table 1.2

1.2 Castings produced to this specification may be manu-
factured for and supplied from stock. In such cases the
manufacturer shall maintain heat traceability to specific manu-
facturing date and chemical analysis.

1.3 The values stated in inch/pound or SI units are to be
regarded separately as standard. The values stated in each
system may not be exact equivalents; therefore, each system
shall be used independently of the other. Combining values
from the two systems may result in nonconformance with the
specification.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standards form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:
B 208 Practice for Preparing Tension Test Specimens for

Copper Alloys for Sand, Permanent Mold, Centrifugal and
Continuous Castings3

B 824 Specification for General Requirements for Copper
Alloy Castings3

B 846 Terminology for Copper and Copper Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 8M Test Methods for Tension Testing of Metallic Mate-
rials (Metric)4

E 10 Test Method for Brinell Hardness of Metallic Materi-
als4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 255 Practice for Sampling of Copper and Copper Alloys
for the Determination of Chemical Composition5

E 527 Practice for Numbering Metals and Alloys (UNS)6

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

4. General Requirements

4.1 The following sections of Specification B 824 form a
part of this specification. The definition of a casting lot as
defined in Section 12, Sampling, takes precedence over Speci-
fication B 824.

4.1.1 Terminology (Section 3),
4.1.2 Other Requirements (Section 7),
4.1.3 Workmanship, Finish, and Appearance (Section 9),
4.1.4 Number of Tests and Retests (Section 11),
4.1.5 Specimen Preparation (Section 12),
4.1.6 Test Methods (Section 13),
4.1.7 Significance of Numerical Limits (Section 14),
4.1.8 Inspection (Section 15),
4.1.9 Rejection and Rehearing (Section 16),
4.1.10 Certification (Section 17),
4.1.11 Test Report (Section 18),
4.1.12 Product Marking (Section 19),
4.1.13 Packaging and Package Marking (Section 20),
4.1.14 Keywords (Section 21), and
4.1.15 Supplementary Requirements.

5. Ordering Information

5.1 Include the following information in orders for product:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.05 on
Castings and Ingots for Remelting.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 505 – 70. Last previous edition B 505 – 96.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00”. The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



5.1.1 ASTM designation and year of issue (for example,
B 505/B 505M-96),

5.1.2 Copper Alloy UNS No. (for example, C93200), in-
cluding HT if heat treatment is required.

5.1.3 Condition (Table 9) and (as cast, heat treated, and so
forth),

5.1.4 Dimensions: inside diameter, outside diameter, thick-
ness and width,

5.1.5 Form: cross-section, such as tube, round, hexagon,
octagon, square, or rectangle,

5.1.6 Tolerances, if different from Section 10 and Tables
2-8.

5.1.7 Length (including length tolerance if other than mill
lengths),

5.1.8 Number of castings or total weight, for each size and
form,

5.1.9 ASME Boiler and Pressure Vessel Code7 requirements
(if required see Section 9),

5.1.10 When castings are purchased for agencies of the U.S.
government, the Supplementary Requirements of Specification
B 824 may be specified.

5.2 The following requirements are optional and should be
specified in the purchase order when required:

5.2.1 Chemical analysis of residual elements (Section 7 and
Specification B 824),

5.2.2 Mechanical requirements, (Section 8 Test Methods
E 8),

5.2.3 Witness inspection (Specification B 824),

7 Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Three Park Ave., New York, NY 10016-5990.

TABLE 1 Nominal Composition

Copper Alloy UNS
No.

Designation
Composition, %

Copper Tin Lead Zinc Nickel Aluminum Iron Manganese

C83600 leaded red brass 85 5 5 5 ... ... ... ...
C83800 leaded red brass 82.9 3.8 6 6.5 ... ... ... ...
C84200 leaded semi-red brass 80 5 2.5 13 ... ... ... ...
C84400 leaded semi-red brass 80 2.9 7 8.5 ... ... ... ...
C84800 leaded semi-red brass 76 2.5 6.2 15 ... ... ... ...
C85700 leaded naval brass 61 1 1.2 36 ... ... ... ...
C86200 high-strength yellow brass 63 ... ... 25 ... 4 3 3.8
C86300 high-strength yellow brass 63 ... ... 25 ... 6.2 3 3.8
C86500 high-strength yellow brass 57.5 ... ... 39 ... 1 1.2 0.8
C89320A bismuth tin bronze 89 6 ... ... ... ... ... ...
C90300 tin bronze 87.5 8.2 ... 4 ... ... ... ...
C90500 tin bronze 87.5 10 ... 2 ... ... ... ...
C90700 tin bronze 89 11 ... ... ... ... ... ...
C91000 tin bronze 85 15 ... ... ... ... ... ...
C91300 tin bronze 80.5 19 ... ... ... ... ... ...
C92200 leaded tin bronze 88 6 1.5 4 ... ... ... ...
C92300 leaded tin bronze 87 8.2 0.6 3.8 ... ... ... ...
C92500 nickel-phosphor bronze 86.5 11 1.2 ... 1.2 ... ... ...
C92700 leaded tin bronze 87.5 10 1.8 ... ... ... ... ...
C92800 leaded tin bronze 80 16 5 ... ... ... ... ...
C92900 leaded nickel-tin bronze 84 10 2.6 ... 3.4 ... ... ...
C93200 high-leaded tin bronze 83 6.9 7 3 ... ... ... ...
C93400 high-leaded tin bronze 83.5 8 8 ... ... ... ... ...
C93500 high-leaded tin bronze 84.5 5.2 9 1 ... ... ... ...
C93600 high-leaded tin bronze 81 7 12 ... ... ... ... ...
C93700 high-leaded tin bronze 80 10 9.5 ... ... ... ... ...
C93800 high-leaded tin bronze 77 6.9 14.5 ... ... ... ... ...
C93900 high-leaded tin bronze 78 6 16 ... ... ... ... ...
C94000 high-leaded tin bronze 70.5 13 15 ... ... ... ... ...
C94100 high-leaded tin bronze 75.5 5.5 20 ... ... ... ... ...
C94300 high-leaded tin bronze 69.5 5.2 25 ... ... ... ... ...
C94700 nickel-tin bronze 87.5 5.2 0 1.8 5.2 ... ... ...
C94800 leaded nickel-tin bronze 86.5 5.2 0.6 1.8 5.2 ... ... ...
C95200 aluminum bronze 87.8 ... ... ... ... 9 3.2 ...
C95300 aluminum bronze 88.8 ... ... ... ... 10 1.2 ...
C95400 aluminum bronze 85.2 ... ... ... ... 10.8 4 ...
C95410 aluminum bronze 83.2 ... ... ... 2 10.8 4 ...
C95500 nickel-aluminum bronze 81 ... ... ... 4.2 10.8 4 ...
C95520 nickel-aluminum bronze 79.1 ... ... ... 5.1 11 4.8 ...
C95700 manganese nickel aluminum 74.8 ... ... ... 2.2 7.5 3 12.5

bronze
C95800 nickel-aluminum bronze 81.3 ... ... ... 4.5 9 4 1.2
C95900 aluminum bronze 83.2 ... ... ... ... 12.8 4.0 ...
C96400 copper-nickel 67 ... ... ... 30 ... 0.90 ...
C96900 copper-nickel 76.8 8 ... ... 15 ... ... 0.20
C97300 leaded nickel bronze 55.5 2.2 9.5 21 12.5 ... ... ...
C97600 leaded nickel bronze 65 4 4 6 20.2 ... ... ...
C97800 leaded nickel bronze 65.5 4.8 1.8 2.5 25.5 ... ... ...
C99500B special alloy 89.1 ... ... 1.2 4.5 1.2 4.0 ...

A Bismuth 5.0
B Silicon 1.3
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5.2.4 Certification (Specification B 824),
5.2.5 Foundry test report (Specification B 824),
5.2.6 Product marking (Specification B 824),
5.2.7 Castings for seawater service (Section 6), and
5.2.8 Approval of weld repair and records of repair (Section

11).

6. Materials and Manufacture

6.1 For better corrosion resistance in seawater applications,
castings in Copper Alloy UNS No. C95800 shall be given a
temperature anneal heat treatment at 12506 50°F (6756
10°C) for 6 h minimum. Cooling shall be by the fastest means

possible that will not cause excessive distortion or cracking.
Propeller castings shall be exempt from this requirement.

6.2 Copper Alloy UNS Nos. C95300, C95400, C95410, and
C95500 may be supplied in the heat-treated condition to obtain
the higher mechanical properties shown in Table 9. Suggested

TABLE 2 Suggested Heat Treatments

Copper Alloy
UNS No.

Solution Treatment (not less than
1 h followed by water quench),

°F(°C)

Annealing Treatment
(not less than 2 h

followed by air cool),
°F(°C)

C95300
1585–1635
(860–890)

1150–1225
(620–660)

C95400,
C95410, C95500

1600–1675
(870–910)

1150–1225
(620–660)

C95520 (2 h followed by water quench)
1600–1700 (870–925)

925–1000
(495–540)

TABLE 3 Finishing Allowances for Tube (Round Only)

Finished Outside Diameter,
in. (mm)

Finish Allowances Added to
Finished or Print

Dimensions of the Part, in. (mm)

Inside Diameter
Outside

Diameter
All Alloys Except as Noted Below

Up to 4 (102), excl −0.031 (−0.79) + 0.031 (0.79)
4 (102)–5 (127), incl −0.063 (−1.6) + 0.063 (1.6)
Over 5 (127) −0.094 (−2.4) + 0.094 (2.4)
Copper Alloy UNS Nos. C86200, C86300, C86500, C95200, C95300, C95400,

C95500, C95800, C95900, and C96400
Up to 3 (76.2), incl −0.125 (−3.2) + 0.063 (1.6)
Over 3 (76.2)–4 (102), incl −0.125 (−3.2) + 0.094 (2.4)
Over 4 (102)–51⁄2 (140), incl −0.188 (−4.8) + 0.125 (3.2)
Over 51⁄2 (140) −0.250 (−6.4) + 0.188 (4.8)

TABLE 4 Finishing Allowances for Rod and Bar

Finished Outside Diameter or
Distance Between

Parallel Surfaces, in. (mm)
Rounds

Squares,
Rectangles,
Hexagons,
Octagons

All Alloys Except as Noted Below

Up to 4 (102), excl + 0.031 (0.79) + 0.031 (0.79)
4 (102)–5 (127), incl + 0.063 (1.6) + 0.063 (1.6)
Over 5 (127) + 0.094 (2.4) + 0.094 (2.4)

Copper Alloy UNS Nos. C86200, C86300, C86500, C95200, C95300,
C95400, C95500, C95800, C95900, C96400

Up to 3 (76.2), incl + 0.0625 (1.6) + 0.0625 (1.6)
Over 3 (76.2)–4 (102), incl + 0.093 (2.4) + 0.093 (2.4)
Over 4 (102)–51⁄2 (140), incl + 0.125 (3.2) + 0.125 (3.2)
Over 51⁄2 (140) + 0.188 (4.8) + 0.188 (4.8)

TABLE 5 Diameter Tolerances for Rod and Bar

Diameter or Distance Be-
tween Parallel Surfaces,

in. (mm)

Tolerances, PlusA and Minus,A in. (mm)

Rounds
Squares, Rectangles,

Hexagons,
Octagons

All Alloys Except as Noted Below
Up to 4 (102), excl 0.005 (0.13) 0.016 (0.41)
4 (102)–5 (127), incl 0.008 (0.20) 0.016 (0.41)
Over 5 (127) 0.016 (0.41) 0.016 (0.41)
Copper Alloy UNS Nos. C86200, C86300, C86500, C95200, C95300, C95400,

C95500, C95800, C95900, and C96400
Up to 3 (76.2), incl 0.010 (0.25) 0.020 (0.51)
Over 3 (76.2)–4 (102), incl 0.015 (0.38) 0.020 (0.51)
Over 4 (102)–51⁄2 (140), incl 0.020 (0.51) 0.020 (0.51)
Over 51⁄2 (140) 0.025 (0.64) 0.025 (0.64)

A When tolerances are specified as all plus or all minus, double the values given.

TABLE 6 Diameter Tolerances for Tube (Round Only)

Average Outside Diameter,
in. (mm)

Tolerances, in. (mm)
Outside

Diameter
Inside Diameter

PlusA or
MinusA PlusB MinusB

All Alloys Except as Noted Below
Up to 4 (102), excl 0.005 (0.13) 0.012 (0.30) 0.033 (0.84)
4 (102)–5 (127), incl 0.008 (0.20) 0.016 (0.41) 0.046 (1.2)
Over 5 (127) 0.016 (0.41) 0.032 (0.81) 0.064 (1.6)
Copper Alloy UNS Nos. C86200, C86300, C86500, C95200, C95300, C95400,

C95500, C95800, C95900, and C96400
Up to 3 (76), incl 0.010 (0.25) 0.012 (0.32) 0.033 (0.84)
Over 3 (76)–4 (102), incl 0.015 (0.38) 0.015 (0.38) 0.050 (1.3)
Over 4 (102)–51⁄2 (140), incl 0.020 (0.51) 0.025 (0.64) 0.070 (1.8)
Over 51⁄2 (140) 0.025 (0.64) 0.035 (0.86) 0.090 (2.3)

A When tolerances are specified as all plus or all minus double the values given.
B When tolerances are specified as all plus or all minus, total the values given.

TABLE 7 Roundness Tolerances

Outside Diameter, in. (mm)
Maximum Out-of-Roundness,A

in. (mm)

Up to 4 (102), excl 0.020 (0.51)
4 (102)–5 (127), incl 0.032 (0.81)
Over 5 (127) 0.064 (1.6)

Copper Alloy UNS Nos. C86200, C86300, C86500, C95200, C95300, C95400,
C95500, C95800, C95900, and C96400

Up to 3 (76.2), incl 0.025 (0.64)
Over 3 (76.2)–4 (102), incl 0.040 (1.0)
Over 4 (102)–51⁄2 (140), incl 0.060 (1.5)
Over 51⁄2 (140) 0.075 (1.9)

A The deviation from roundness is measured as the difference between major
and minor diameters as determined at any one cross section of the tube.

TABLE 8 Tolerances for Shapes

Outside Dimension,A in. (mm) Inside Dimension,B in. (mm)
All Alloys Except as Noted Below

Plus Minus Plus Minus
0.016 (0.41) 0.016 (0.41) 0.032 (0.81) 0.064 (1.6)

Copper Alloy UNS Nos. C86200, C86300, C86500, C95200, C95300, C95400,
C95500, C95800, C95900, and C96400

Dimensional tolerances shall be subject to agreement between purchaser
and manufacturer.
A When tolerances are specified as all plus or all minus, double the values given.
B When tolerances are specified as all plus or all minus, total the values given.
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heat treatments for these alloys and Copper Alloy UNS No.
C95520 are given in Table 2. Actual practice may vary by
manufacturer.

6.3 Copper Alloy UNS No. C95520 is used only in the
quench-hardened and tempered (TQ30) condition, see Table 2.

6.4 Copper Alloy UNS No. C96900 is normally supplied
heat treated at 1520°F (825°C) for 1 h followed by a water
quench, then aged at 800°F (425°C) for 4 h followed by a water
quench.

TABLE 9 Mechanical Requirements

Copper Alloy
UNS No.

Tensile Strength, minA Yield Strength, at 0.5 % Extension
Under Load, minA

Elongation in 2
in. or 50 mm,

min, %

Brinell Hardness,
min

Remarks

ksiB MPaC ksiB MPaC

C83600 36 248 19 131 15
C83800 30 207 15 97 16
C84200 32 221 16 110 13
C84400 30 207 15 103 16
C84800 30 207 15 103 16
C85700 40 276 14 97 15
C86200 90 621 45 310 18
C86300 110 758 62 427 14
C86500 70 483 25 172 25
C89320 35 241 18 124 15
C90300 44 303 22 152 18
C90500 44 303 25 172 10
C90700 40 276 25 172 10
C91000 30 207 ... ... ... 160 (3000 kg)
C91300 ... ... ... ... ...
C92200 38 262 19 131 18
C92300 40 276 19 131 16
C92500 40 276 24 165 10
C92700 38 252 20 138 8 ... Rockwell
C92800 ... ... ... ... ... B 72–82
C92900 45 310 25 172 8
C93200 35 241 20 138 10
C93400 34 234 20 138 8
C93500 30 207 16 110 12
C93600 33 227 20 138 10
C93700 35 241 20 138 6
C93800 25 172 16 110 5
C93900 25 172 16 110 5
C94000 ... ... ... ... ... 80 (500 kg)
C94100 25 172 17 117 7
C94300 21 145 15 103 7
C94700 45 310 20 138 25
C94700HT 75 517 50 345 5 heat treated
C94800 40 276 20 138 20
C95200 68 469 26 179 20
C95300 70 483 26 179 25
C95300HT 80 552 40 276 12 heat treated
C95400 85 586 32 221 12
C95400HT 95 655 45 310 10 heat treated
C95410 85 586 32 221 12
C95410HT 95 655 45 310 10 heat treated
C95500 95 655 42 290 10
C95500HT 110 758 62 427 8 heat treated
C95520HT 125 862 95D 655D 2 262 (3000 kg) heat treatedE

C95700 90 620 40 275 15
C95800F 85 586 35 241 18
C95900 ... ... ... ... ... 241 (3000 kg)
C96400 65 448 35 241 25
C96900HT 110 758 105D 724D 4 Rockwell C32
C97300 30 207 15 103 8
C97600 40 276 20 138 10
C97800 45 310 22 152 8
C99500 70 483 40 276 12

A Minimum tensile strength and yield strength shall be reduced 10 % for cast bars having a cross section, thickness, diameter, or wall of 4 in. (102 mm) or more. The
cross sections are the diameter of a round solid, the distance across the flats of a solid hexagon, the thickness of a rectangle, and the wall thickness of a tube.

B ksi = 1000 psi.
C See Appendix.
D Yield strength at 0.2 % offset, minA, ksiB, MPaC.
E Copper Alloy UNS No. C95520 used only in the quench-hardened and tempered (TQ30) condition.
F As cast or temper annealed.
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6.5 If test bar coupons representing castings made in Copper
Alloy UNS Nos. C94700HT, C95300HT, C95400HT,
C95410HT, C95500HT, C95520HT, C95800 temper annealed,
C95900 annealed, and C96900 are removed from the continu-
ous castings before heat treatment, the coupons shall be heat
treated with the continuous castings.

7. Chemical Composition

7.1 The continuous castings shall conform to the require-
ments for major elements shown in Table 10.

TABLE 10 Chemical Requirements

Composition, % max, except as indicated

Copper
Alloy

UNS No.

Major Elements Residual Elements

Copper Tin Lead Zinc Iron
Nickel

Including
Cobalt

Alumi-
num

Man-
ganese

Iron
Anti-
mony

Nickel
Includ-

ing
Cobalt

Sul-
fur

Phos-
phorus

Alu-
mi-

num

Man-
ga-

nese

Sili-
con

C83600 84.0–86.0 4.0–6.0 4.0–6.0 4.0–6.0 ... 1.0A ... ... 0.30 0.25 ... 0.08 1.5 0.005 ... 0.005
C83800 82.0–83.8 3.3–4.2 5.0–7.0 5.0–8.0 ... 1.0A ... ... 0.30 0.25 ... 0.08 1.5 0.005 ... 0.005
C84200 78.0–82.0 4.0–6.0 2.0–3.0 10.0–16.0 ... 0.8A ... ... 0.40 0.25 ... 0.08 1.5 0.005 ... 0.005
C84400 78.0–82.0 2.3–3.5 6.0–8.0 7.0–10.0 ... 1.0A ... ... 0.40 0.25 ... 0.08 1.5 0.005 ... 0.005
C84800 75.0–77.0 2.0–3.0 5.5–7.0 13.0–17.0 ... 1.0A ... ... 0.40 0.25 ... 0.08 1.5 0.005 ... 0.005
C85700 58.0–64.0 0.50–1.5 0.8–1.5 32.0–40.0 ... ... ... ... 0.7 ... 1.0A ... ... 0.80 ... 0.05
C86200 60.0–66.0 0.20 0.20 22.0–28.0 2.0–4.0 ... 3.0–4.9 2.5–5.0 ... ... 1.0A ... ... ... ... ...
C86300 60.0–66.0 0.20 0.20 22.0–28.0 2.0–4.0 ... 5.0–7.5 2.5–5.0 ... ... 1.0A ... ... ... ... ...
C86500 55.0–60.0 1.0 0.40 36.0–42.0 0.40–2.0 ... 0.50–1.5 0.10–1.5 ... ... 1.0A ... ... ... ... ...
C89320B 87.0–91.0 5.0–7.0 0.09 1.0 ... 1.0 ... ... 0.20 0.35 ... 0.08 0.30 0.005 ... 0.005
C90300 86.0–89.0 7.5–9.0 0.30 3.0–5.0 ... 1.0A ... ... 0.20 0.20 ... 0.05 1.5 0.005 ... 0.005
C90500 86.0–89.0 9.0–11.0 0.30 1.0–3.0 ... 1.0A ... ... 0.20 0.20 ... 0.05 1.5 0.005 ... 0.005
C90700 88.0–90.0 10.0–12.0 0.50A 0.50 ... 0.50A ... ... 0.15 0.20 ... 0.05 1.5 0.005 ... 0.005
C91000 84.0–86.0 14.0–16.0 0.20 1.5 ... 0.8A ... ... 0.10 0.20 ... 0.05 1.5 0.005 ... 0.005
C91300 79.0–82.0 18.0–20.0 0.25 0.25 ... 0.50A ... ... 0.25 0.20 ... 0.05 1.5 0.005 ... 0.005
C92200 86.0–90.0 5.5–6.5 1.0–2.0 3.0–5.0 ... 1.0A ... ... 0.25 0.25 ... 0.05 1.5 0.005 ... 0.005
C92300 85.0–89.0 7.5–9.0 0.3–1.0 2.5–5.0 ... 1.0A ... ... 0.25 0.25 ... 0.05 1.5 0.005 ... 0.005
C92500 85.0–88.0 10.0–12.0 1.0–1.5 0.50 ... 0.8–1.5A ... ... 0.30 0.25 ... 0.05 1.5 0.005 ... 0.005
C92700 86.0–89.0 9.0–11.0 1.0–2.5 0.7 ... 1.0A ... ... 0.20 0.25 ... 0.05 1.5 0.005 ... 0.005
C92800 78.0–82.0 15.0–17.0 4.0–6.0 0.8 ... 0.8A ... ... 0.20 0.25 ... 0.05 1.5 0.005 ... 0.005
C92900 82.0–86.0 9.0–11.0 2.0–3.2 0.25 ... 2.8–4.0 ... ... 0.20 0.25 ... 0.05 1.5 0.005 ... 0.005
C93200 81.0–85.0 6.3–7.5 6.0–8.0 2.0–4.0 ... 1.0A ... ... 0.20 0.35 ... 0.05 1.5 0.005 ... 0.005
C93400 82.0–85.0 7.0–9.0 7.0–9.0 0.8 ... 1.0A ... ... 0.20 0.50 ... 0.08 1.5 0.005 ... 0.005
C93500 83.0–86.0 4.3–6.0 8.0–10.0 2.0 ... 1.0A ... ... 0.20 0.30 ... 0.08 1.5 0.005 ... 0.005
C93600 79.0–83.0 6.0–8.0 11.0–13.0 1.0 ... 1.0 ... ... 0.20 0.55 ... 0.08 1.5 0.005 ... 0.005
C93700C 78.0–82.0 9.0–11.0 8.0–11.0 0.8 ... 0.50 ... ... 0.70 0.50 ... 0.08 1.5 0.005 ... 0.005
C93800 75.0–79.0 6.3–7.5 13.0–16.0 0.8 ... 1.0 ... ... 0.15 0.80 ... 0.08 1.5 0.005 ... 0.005
C93900 76.5–79.5 5.0–7.0 14.0–18.0 1.5 ... 0.8 ... ... 0.40 0.50 ... 0.08 1.5 0.005 ... 0.005
C94000 69.0–72.0 12.0–14.0 14.0–16.0 0.50 ... 0.5–1.0 ... ... 0.25 0.50 ... 0.08 1.5 0.005 ... 0.005
C94100 72.0–79.0 4.5–6.5 18.0–22.0 1.0 ... 1.0 ... ... 0.25 0.8 ... 0.08 1.5 0.005 ... 0.005
C94300 67.0–72.0 4.5–6.0 23.0–27.0 0.8 ... 1.0 ... ... 0.15 0.8 ... 0.08 1.5 0.005 ... 0.005
C94700D 85.0–90.0 4.5–6.0 0.10 1.0–2.5 ... 4.5–6.0 ... ... 0.25 0.15 ... 0.05 0.05 0.005 0.20 0.005
C94800 84.0–89.0 4.5–6.0 0.3–1.0 1.0–2.5 ... 4.5–6.0 ... ... 0.25 0.15 ... 0.05 0.05 0.005 0.20 0.005
C95200 86.0 min ... ... ... 2.5–4.0 ... 8.5–9.5 ... ... ... ... ... ... ... ... ...
C95300 86.0 min ... ... ... 0.8–1.5 ... 9.0–11.0 ... ... ... ... ... ... ... ... ...
C95400 83.0 min ... ... ... 3.0–5.0 1.5 10.0–11.5 0.50 ... ... ... ... ... ... ... ...
C95410 83.0 min ... ... ... 3.0–5.0 1.5–2.5 10.0–11.5 0.50 ... ... ... ... ... ... ... ...
C95500 78.0 min ... ... ... 3.0–5.0 3.0–5.5 10.0–11.5 3.5 ... ... ... ... ... ... ... ...
C95520E 74.5 min 0.25 0.03 0.30 4.0–5.5 4.2–6.0 10.5–11.5 1.5 ... ... ... ... ... ... ... ...
C95700 71.0 min ... 0.03 ... 2.0–4.0 1.5–3.0 7.0–8.0 11.0–14.0 ... ... ... ... ... ... ... 0.10
C95800F 79.0 min ... 0.03 ... 3.5–4.5 4.0–5.0 8.5–9.5 0.8–1.5 ... ... ... ... ... ... ... 0.10
C95900 remainder ... ... ... 3.0–5.0 0.5 12.0–13.5 1.5 ... ... ... ... ... ... ... ...
C96400G 65.0–69.0 ... 0.01 ... 0.25–1.50 28.0–32.0 ... 1.5 ... ... ... 0.02 0.02 ... ... 0.50
C96900H remainder 7.5-8.5 0.02 0.50 ... 14.5-15.5 ... 0.05-0.30 0.5 ... ... ... ... ... ... ...
C97300 53.0–58.0 1.5–3.0 8.0–11.0 17.0–25.0 ... 11.0–14.0 ... ... 1.5 0.35 ... 0.08 0.05 0.005 0.50 0.15
C97600 63.0–67.0 3.5–4.5 3.0–5.0 3.0–9.0 ... 19.0–21.5 ... ... 1.5 0.25 ... 0.08 0.05 0.005 1.0 0.15
C97800 64.0–67.0 4.0–5.5 1.0–2.5 1.0–4.0 ... 24.0–27.0 ... ... 1.5 0.20 ... 0.08 0.05 0.005 1.0 0.15
C99500I remainder ... 0.25 0.5-2.0 3.0-5.0 3.5-5.5 0.5-2.0 0.5 ... ... ... ... ... ... ... ...
A In determining copper minimum, copper may be calculated as copper plus nickel.
B Bismuth 4.0–6.0
C Fe shall be 0.35 % max, when used for steel-backed bearings.
D It is possible that the mechanical requirements of Copper Alloy UNS No. C94700 in the heat-treated condition will not be attained if the lead content exceeds 0.01 %.
E Chromium content shall be 0.05 max, cobalt 0.20 max, and silicon 0.15 max.
F Iron content shall not exceed nickel content. Other major element chemical requirements: Silicon 0.10 % max.
G Chemical requirements for other elements: Sulfur 0.02 % max (major), carbon 0.15 % max (residual), and niobium 0.5-1.5 (major).
H Magnesium 0.15 max (major), silicon 0.30 max (residual), niobium 0.10 max (residual).
I Silicon 0.5-2.0
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7.2 These specification limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements agreed upon between the
manufacturer or supplier and the purchaser. Copper or zinc
may be given as remainder and may be taken as the difference
between the sum of all elements analyzed and 100 %. When all
named elements in Table 10 are analyzed, their sum shall be as
specified in Table 11.

7.3 It is recognized that residual elements may be present in
cast copper-base alloys. Analysis shall be made for residual
elements only when specified in the purchase order.

8. Mechanical Property Requirements

8.1 Reference should be made to Table 9 for minimum
mechanical requirements.

8.2 Mechanical tests are required only when specified by the
purchaser in the purchase order.

8.3 Exceptions to mechanical property requirements may be
taken in the case of small diameter solids or castings having
section thicknesses less than the1⁄2-in. (12.7-mm) diameter of
the standard tension test specimen. In these cases, mechanical
property requirements shall be subject to agreement between
the purchaser and the manufacturer. For suggested dimensions
of substandard test bars, see Test Methods E 8.

9. ASME Requirements

9.1 When specified in the purchase order to meetASME
Boiler and Pressure Vessel Coderequirements, continuous
castings shall comply with the following:

9.1.1 Certification requirements of Specification B 824.
9.1.2 Foundry test report requirements of Specification

B 824.
9.1.3 Continuous castings shall be marked with the manu-

facturer’s name, the Copper Alloy UNS No., and the casting

quality factor. In addition, heat numbers, or serial numbers that
are traceable to heat numbers, shall be marked on all pressure-
containing castings individually weighing 50 lb (22.7 kg) or
more. Pressure-containing castings weighing less than 50 lb
(22.7 kg) shall be marked with either the heat number or a
serial number that will identify the casting as to the month in
which it was poured. Marking shall be in such a position as not
to injure the usefulness of the casting.

9.1.4 When Copper Alloy UNS No. C95200 is specified to
meetASME Boiler and Pressure Vessel Coderequirements, a
sample from each 2000-lb interval or continuous casting shall
be tested. Each continuous casting from which the test bar was
taken shall be identified should retesting be required. If all of
the test bars from the initial sampling meet the requirements,
the lot shall be acceptable. The fractured bars shall be retained
for chemical verification.

10. Dimensions and Permissible Variations

10.1 Allowance for finishing over maximum outside dimen-
sion and under inside dimension of round tubes to be machined
shall be as shown in Table 3. Allowances for finishing the
outside diameter of rounds and distance between parallel
surfaces of bars to be machined shall be as shown in Table 4.
Table 3 and Table 4 are to be used in conjunction with
Tolerance Table 6 and Table 5, respectively.

10.2 Concentricity:
10.2.1 All Alloys Except as Noted in10.2.2—The outside

periphery of continuously cast tubing shall be concentric with
the bore within a permissible variation of 2 % of the nominal
wall thickness over1⁄4 in. (6.35 mm). If the wall thickness is1⁄4
in. or less, permissible variations in concentricity shall be
subject to agreement between the purchaser and the manufac-
turer.

10.2.2 Copper Alloy UNS Nos. C86200, C86300, C86400,
C95200, C95300, C95400, C95410, C95500, C95520,
C95800, C95900, and C96400—The outside periphery of
continuously cast tubing shall be concentric with the bore
within a permissible variation of 4 % of the nominal wall
thickness.

10.3 Diameter Tolerances for Continuously Cast Rod and
Bar—See Table 5.

10.4 Diameter Tolerances for Continuously Cast Tube
(Round only)—See Table 6.

10.5 Roundness—For continuously cast tubing in straight
lengths, the roundness tolerances shall be as shown in Table 7.

10.6 Dimensional Tolerances for All Other Shapes (not
Covered by10.1or 10.2)—See Table 8.

TABLE 11 Sum of All Named Elements Analyzed

Copper Alloy
UNS No.

Copper Plus
Named

Elements,
%min

Copper Alloy
UNS No.

Copper Plus
Named

Elements,
%min

C83600 99.3 C93600 99.3
C83800 99.3 C93700 99.0
C84200 99.3 C93800 99.0
C84400 99.3 C93900 98.9
C84800 99.3 C94000 98.7
C85700 98.7 C94100 98.7
C86200 99.0 C94300 99.0
C86300 99.0 C94700 98.7
C86500 99.0 C94800 98.7
C89320 99.5 C95200 99.0
C90300 99.4 C95300 99.0
C90500 99.7 C95400 99.5
C90700 99.4 C95410 99.5
C91000 99.4 C95500 99.5
C91300 99.4 C95520 99.5
C92200 99.3 C95700 99.5
C92300 99.3 C95800 99.5
C92500 99.3 C95900 99.5
C92700 99.3 C96400 99.5
C92800 99.3 C96900 99.5
C92900 99.3 C97300 99.0
C93200 99.0 C97600 99.7
C93400 99.0 C97800 99.6
C93500 99.0 C99500 99.7

TABLE 12 Straightness Tolerances

Product Length,A ft (m)
Maximum CurvatureB (Depth of Arc),

in. (mm)

Round rod or tube up to 10 (3.05) 1⁄4 (6.4) in any 5-ft (1.52-m) portion
10 (3.05) and over 1⁄2 (13) in any 10-ft (3.05-m) portionA

Bar and shape any length 1⁄2 (13) in any 6-ft (1.83-m)
portionA,B

A Of total length.
B Applicable to any longitudinal surface or edge.
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11. Casting Repair

11.1 Continuous castings shall not be mechanically re-
paired, plugged, or burned in.

11.2 Weld repair is permitted for Copper Alloy UNS Nos.
C95200, C95300, C95400, C95410, C95500, C95800, and
C95900.

11.3 Weld repairs may be made at the manufacturer’s
discretion, provided each excavation does not exceed 20 % of
the casting section or wall thickness or 4 % of the casting
surface area.

11.4 Excavations that exceed those described in 11.3 may be
made at the manufacturer’s discretion, except that when
specified in the purchase order (5.2), the weld procedure shall
be approved by the purchaser and the following records shall
be maintained:

11.4.1 A sketch or drawing showing the dimensions, depth,
and location of excavations,

11.4.2 Post-weld heat treatment, when applicable,
11.4.3 Weld repair inspection results,
11.4.4 Casting identification number,
11.4.5 Weld procedure identification number,
11.4.6 Welder identification, and
11.4.7 Name of inspector.
11.5 The castings shall not be impregnated without approval

of the purchaser.
11.6 Weld repair of other alloys in this specification is not

permitted without approval by the purchaser.

12. Sampling

12.1 Sampling shall be accordance with the requirements of
Practice E 255.

12.2 Unless otherwise specified, a lot shall consist of
castings of the same composition and same cross-sectional
dimensions, produced during the continuous operation of one
casting machine, and submitted for inspection at one time.

12.3 A sample for chemical analysis shall be taken from
each lot at each interval of 2000 lb (910 kg) of continuous
production of the lot. When castings are produced from alloy
ingots of known composition, the sampling interval may be
raised to one sample for each 4000 lb (1810 kg) of continuous
production of the lot.

12.4 When mechanical testing is specified by the purchaser
in the purchase order one sample for tension testing shall be
taken from each lot. This sample may be taken before
mechanical straightening. Test bar specimens shall be posi-
tively identified with the castings they represent. Where
castings are heat treated, test bar specimens shall be heat
treated with the castings they represent.

12.5 When Copper Alloy UNS No. C95200 is specified for
ASME boiler and pressure vessel application, a sample from
each 2000-lb interval or continuous casting shall be tested.
Each continuous cast bar from which the test bar was taken
shall be identified should retesting be required. If all of the test
bars from the initial sampling meet the requirements, the lot
shall be acceptable.

12.5.1 The fractured bars shall be retained for chemical
verification.

12.6 Tension test bar specimens shall be taken from con-
tinuous castings in accordance with Fig. 6 of Practice B 208.

13. Test Methods

13.1 Analytical chemical methods are given in Specification
B 824 (Section 13).

13.2 Brinell Hardness Reading shall be taken on the grip
end of the tension test bar and shall be made in accordance with
Test Method E 10. If a Brinell hardness is required and a
tension test is not required, testing shall be in accordance with
Test Method E 10.

13.3 Rockwell Hardness Reading shall be taken on the grip
end of the tension test bar and shall be made in accordance with
Test Methods E 18. If a Rockwell hardness is required and a
tension test is not required, testing shall be in accordance with
Test Method E 18.

14. Product Marking

14.1 At the request of the purchaser castings shall be
marked with the alloy number.

15. Keywords

15.1 continuous castings; copper alloy castings

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

B 505/B 505M – 02

7



SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 505 – 96)
that may impact the use of this standard.

(1) Comprehensive 5-year review completed. Some sections
were renumbered, and, in some cases reworded to conform to
the new Committee B05Outline of Form for Specifications
(OFS) andForm and Style for ASTM Standards(Blue Book).
(2) The safety caveat was added.
(3) The Terminology section was added.
(4) Table 1, Nominal Composition was revised.
(5) Table 10, Chemical Requirements has been changed to
reflect the current CDA Standard Designations. Some required

chemical compositions have been changed.

(6) Added UNS Nos. C89320 and C93600 to Table 11, Sum of
All Named Elements Analyzed. These additions reflect the
current CDA Standard Designations.

(7) UNS No. C93800 has been changed to reflect the current
CDA Standard Designations.

(8) Practice E 255 has been added to Section 2, Referenced
Documents and Section 12, Sampling.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 508 – 97 (Reapproved 2003)

Standard Specification for
Copper Alloy Strip for Flexible Metal Hose 1

This standard is issued under the fixed designation B 508; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes the requirements for an-
nealed copper-alloy strip for the manufacture of flexible metal
hose produced from Copper Alloy UNS Nos. C41100 and
C50500.

1.1.1 The nominal compositions are as follows:
Copper Alloy

UNS No.
Copper Zinc Tin

C41100 91.0 8.5 0.5
C50500 98.7 ... 1.3

1.2 The values stated in inch-pound units are to be regarded
as the standard, except grain size, which is given in SI units.
The values given in parentheses are for information only.

1.3 The following precautionary statement pertains only to
the test method portion, Section 13, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 601 Classification for Temper Designations for Copper

and Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications3

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Method)4

E 112 Test Methods for Determining the Average Grain
Size5

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition3

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

3. Terminology

3.1 Definitions:
3.1.1 For definitions of terms related to copper and copper

alloys, refer to Terminology B 846.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 coil (as applied to a flat product)—a length of the

product spirally wound into a series of connected turns. The
unqualified term “coil” as applied to “flat product” usually
refers to a coil in which the product is spirally wound, with the
successive layers on top of one another (sometimes called a
“roll”).

3.2.2 level or traverse wound—a coil in which the turns are
positioned into layers parallel to the axis of the coil such that
successive turns in a given layer are next to one another.

3.2.3 level or traverse wound on a reel or spool—a coil in
which the turns are positioned into layers on a reel or spool
parallel to the axis of the reel or spool such that successive
turns in a given layer are next to one another.

3.2.4 reel or spool—a cylindrical device that has a rim at
each end and an axial hole for a shaft or spindle, and on which
the product is wound to facilitate handling and shipping.

3.2.5 strip—a rolled flat product, other than flat wire, up to
and including 0.188 in. [4.78 mm] thick, in straight lengths,
coils (rolls), or traverse wound on reels or spools: with slit,
sheared, or slit and rolled edges in widths up to 24 in. [610
mm] inclusive; or, with finished drawn or rolled edges in
widths over 11⁄4 to 12 in. [31.8 to 305 mm] inclusive.

4. Ordering Information

4.1 Orders for product under this specification should in-
clude the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Copper Alloy UNS No. (see Section 1 and Table 1),
4.1.3 Temper (see 7.1 and Table 2),
4.1.4 Quantity, number of pieces or total weight of each

alloy and size, and
4.1.5 Dimensions—Thickness and width; and length, if

applicable (see 8.2 and 8.3).

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved Apr. 10, 2003. Published June 2003. Originally
approved in 1969. Last previous edition approved in 1997 as B 508 – 97.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 14.02.
4 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 03.01.

1

*A Summary of Changes section appears at the end of this standard.
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4.2 The following options are available and should be
specified at the time of placing the order, when required:

4.2.1 How furnished—Coils (inside and outside diameters),
pounds per inch of width; stock or specific lengths, with or
without ends;

4.2.2 Packing—Type of pallet, skid, or box: interleaving,
banding, maximum weight, and so forth; and

4.2.3 Special surface condition requirements, if any (see
9.3).

5. Materials and Manufacture

5.1 Material:
5.1.1 The material of manufacture shall be cast bar, slab,

cake, billet, or so forth of Copper Alloy UNS No. C41100 or
C50500 of such soundness as to be suitable for processing in to
the products prescribed herein.

5.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 1—Because of the discontinuous nature of the processing of
castings into wrought products, it is not always practical to identify
specific casting analysis with a specific quantity of finished material.

5.2 Manufacture:
5.2.1 The product shall be manufactured by such hot work-

ing, cold working, and annealing processes as to produce a
uniform wrought structure in the finished product.

5.2.2 The product shall be hot or cold worked to the finished
size and subsequently annealed, if required, to meet the temper
properties specified.

5.2.3 Edges—Slit edges shall be furnished unless otherwise
specified in the contract or purchase order.

6. Chemical Composition

6.1 The material shall conform to the requirements pre-
scribed in Table 1 for the alloy specified in the ordering
information.

6.2 These composition limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established and analysis required by agreement between the
manufacturer or supplier and purchaser.

6.3 Zinc, when given as the “remainder,” is the differences
between the sum of the results for all elements analyzed and
100 %.

6.3.1 Copper may be taken as the difference between the
sum of all elements analyzed and 100 % and, when so
determined, the difference value shall conform to the require-
ments given in Table 1.

6.4 When analyzed, the sum of results for all elements listed
in Table 1 for Copper Alloy UNS C41100 shall be 99.7 %
minimum and 99.5 % minimum for Copper Alloy UNS
C50500.

7. Grain Size of Annealed Tempers

7.1 The average grain size of each of two samples of
annealed material, as determined on a longitudinal cross
section, shall be within the limit prescribed of the four nominal
grain sizes listed in Table 2 when tested in accordance with
Test Method E 112.

7.2 In the case of thin-gage material 0.010 in. [0.25 mm]
and under, there shall exist no less than six grains per stock
thickness, averaged for five locations one thickness apart.

8. Dimensions, Mass, and Permissible Variations

8.1 General—For the purpose of determining conformance
with the dimensional requirements prescribed in this specifi-
cation, any measured value outside the specified limiting
values for any dimension may be cause for rejection.

8.2 Thickness—The standard method of specifying thick-
ness shall be in decimal fractions of an inch. For material 0.021
in. [0.533 mm] and under in thickness, it is recommended that
the nominal thickness be stated not closer than the nearest
0.0005 in. [0.013 mm]. For example, specify 0.006 or 0.0065
in. [0.152 or 0.165 mm], but not 0.0063 in. [0.160 mm]. For
material over 0.021 [0.533 mm] in thickness, it is recom-
mended that the nominal thickness’ be stated not closer than
the nearest 0.001 in. [0.025 mm]. For example, specify 0.128
or 0.129 in. [3.25 or 3.28 mm] but not 0.1285 in. [3.26 mm].
A list of preferred thickness is shown in Appendix X1. The
thickness tolerances shall be those shown in Table 3.

8.3 Width—The width tolerances shall be those shown in
Table 4.

8.4 Straightness—The straightness tolerances shall be those
shown in Table 5.

9. Workmanship, Finish, and Appearance

9.1 The product shall be uniform in quality and soundness
and free of internal and external defects. However, surface
blemishes that do not interfere with the intended application
are acceptable.

9.2 The product shall be well cleaned and free of dirt.
9.3 A superficial film or residual light lubricant shall be

permissible, unless otherwise specified in the contract or
purchase order.

TABLE 1 Chemical Requirements

Element

Composition, %

Copper Alloy UNS Nos.

C41100 C50500

Copper 89.0–92.0 ...
Tin 0.30–0.7 1.0–1.7
Phosphorus ... 0.03–0.35
Iron, max 0.05 0.10
Lead, max 0.10 0.05
Zinc remainder 0.30 max
Copper + tin +

phosphorus, min
... 99.5

TABLE 2 Grain Size Requirements

Temps Standard
DesignationA

Grain Size, mm

Nominal Minimum Maximum

OS050 0.050 0.035 0.090
OS035 0.035 0.025 0.050
OS025 0.025 0.015 0.035
OS015 0.015 B 0.025

A Standard designations defined in Classification B 601.
B Although no minimum grain size is required, this material must be fully

recrystallized.
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10. Sampling

10.1 The lot size, portion size, and selection of pieces shall
be as follows:

10.1.1 Lot Size—15 000 lb, [6825 kg], or less material of
the same mill form, alloy, temper, and thickness, subject to
inspection at one time.

10.1.2 Portion Size—A portion shall be four or more pieces
selected as to be representative of each lot. If the lot consists of
less than four pieces, representative samples shall be taken
from each piece.

10.2 Chemical Analysis—A sample for chemical analysis
shall be taken and prepared in accordance with Practice E 255.

10.2.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semifinished product. If the manufacturer
determined the chemical composition of the material during the

course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

10.2.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

10.2.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 lb
[4550 kg] or fraction thereof, except that not more than one
sample shall be required per piece.

10.3 Grain Size—Samples for grain size shall be taken from
material in the finished condition. A sample shall be taken to
represent each 10 000 lb [4550 kg] or fraction thereof, except
that not more than one sample shall be required per piece.

11. Number of Tests and Retests

11.1 Tests:
11.1.1 Chemical composition shall be determined as the

average of results from at least two replicate determinations of
each specified element.

11.1.2 Other Tests—For other tests, test specimens shall be
taken from two of the sample pieces selected in accordance
with 10.1.2. The required tests shall be made on each of the
specimens so selected.

11.2 Retests:
11.2.1 When requested by the manufacturer or supplier, a

retest shall be permitted should test results obtained by the
purchaser fail to conform with specification requirements.

11.2.2 Retesting shall be as directed in the product specifi-
cation for the initial test(s), except that the number of test
specimens shall be twice that normally required for the test.

11.2.3 Test results for all specimens shall conform to the
product specification requirements in retest and failure to
conform shall be cause for lot rejection.

12. Specimen Preparation

12.1 Chemical Analysis—Prepare a composite sample of
the semifinished or finished product in accordance with Prac-
tice E 255, or as described in 10.2. Preparation of the analytical
specimen shall be the responsibility of the reporting laboratory.

TABLE 3 Thickness Tolerances

Thickness, in.

Thickness Tolerances, plus and minus,A in.

Copper Alloy UNS No. C41100 Copper Alloy UNS No. C50500

8 in. and under in
Width in. [mm]

Over 8 to 14 in., incl
in Width in. [mm]

Over 14 to 20 in., incl
in Width in. [mm]

8 in. and under in
Width in. [mm]

Over 8 to 14 in., incl
in Width in. [mm]

Over 14 to 20 in., incl
in Width in. [mm]

0.004 and under 0.0003 [0.008] 0.0006 [0.015] ... 0.0004 [0.010] 0.0008 [0.020] ...
Over 0.004 to 0.006, incl 0.0004 [0.010] 0.0008 [0.020] 0.0013 [0.033] 0.0006 [0.015] 0.0010 [0.025] 0.0015 [0.038]
Over 0.006 to 0.009, incl 0.0006 [0.015] 0.0010 [0.035] 0.0015 [0.038] 0.0008 [0.020] 0.0013 [0.033] 0.002 [0.051]
Over 0.009 to 0.013, incl 0.0008 [0.020] 0.0013 [0.033] 0.0018 [0.046] 0.0010 [0.025] 0.0015 [0.038] 0.0025 [0.064]
Over 0.013 to 0.017, incl 0.0010 [0.028] 0.0015 [0.038] 0.002 [0.051] 0.0013 [0.033] 0.002 [0.051] 0.0025 [0.064]
Over 0.017 to 0.021, incl 0.0013 [0.033] 0.0018 [0.046] 0.002 [0.051] 0.0015 [0.038] 0.0025 [0.064] 0.003 [0.076]
Over 0.021 to 0.026, incl 0.0015 [0.038] 0.002 [0.051] 0.0025 [0.064] 0.002 [0.051] 0.0025 [0.064] 0.003 [0.076]
Over 0.026 to 0.037, incl 0.002 [0.051] 0.002 [0.051] 0.0025 [0.064] 0.0025 [0.064] 0.003 [0.076] 0.0035 [0.089]
Over 0.037 to 0.050, incl 0.002 [0.051] 0.0025 [0.064] 0.003 [0.076] 0.003 [0.076] 0.0035 [0.089] 0.004 [0.102]
Over 0.050 to 0.073, incl 0.0025 [0.064] 0.003 [0.076] 0.0035 [0.084] 0.0035 [0.089] 0.004 [0.102] 0.0045 [0.114]
Over 0.073 to 0.130, incl 0.003 [0.076] 0.0035 [0.089] 0.004 [0.102] 0.004 [0.102] 0.0045 [0.114] 0.005 [0.127]
Over 0.130 to 0.188, incl 0.0035 [0.089] 0.004 [0.102] 0.0045 [0.114] 0.0045 [0.114] 0.005 [0.127] 0.006 [0.152]

A When tolerances are specified as all plus or all minus, double the values given.

TABLE 4 Width Tolerances

Width, in. [mm]

Width Tolerances,A plus and minus, in. [mm]
For Thicknesses
0.004 [0.102 mm]
to 0.032 in. [0.813

mm], incl

For Thicknesses
Over 0.032 [0.813
mm] to 0.125 in.
[3.18 mm], incl

For Thicknesses
Over 0.125 [3.18
mm] to 0.188 in.
[4.78 mm], incl

2 [50.8] under 0.005 [0.13] 0.010 [0.25] 0.012 [0.30]
Over 2 to 8 [50.8 to

203], incl
0.008 [0.20] 0.013 [0.33] 0.015 [0.38]

Over 8 to 20 [203
to 508], incl

1⁄64 [0.40] 1⁄64 [0.40] 1⁄64 [0.40]

A If tolerances are specified as all plus or all minus, double the values given.

TABLE 5 Straightness Tolerances for Silt Metal

NOTE 1—Maximum edgewise curvature (depth of arc) in any 72 in.
[1.82 m] portion of the total length.

Width, in. [mm]
Straightness Tolerance, in.

[mm]

Over 1⁄4 to 3⁄8 [6.35 to 9.53] incl 2 [51]
Over 3⁄8 to 1⁄2 [9.53 to 12.7] incl 11⁄2 [38]
Over 1⁄2 to 1 [12.7 to 25.4] incl 1 [25]
Over 1 to 2 [25.4 to 50.8] incl 5⁄8 [16]
Over 2 to 4 [50.8 to 102] incl 1⁄2 [13]
Over 4 [102] 3⁄8 [9.5]
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12.2 Prepare specimens in accordance with the method
prescribed in 13.2 for other tests. Use full cross-section
specimens whenever possible. Samples shall be representative
of the condition of the material, and state particular specimen
preparation techniques in the specific product specification.

13. Test Methods

13.1 Determine the chemical composition in case of dis-
agreement, as follows:

Element ASTM Test Method
Copper E 478
Tin E 478 (Iodatimetric Titrimetric)
Phosphorus E 62
Iron E 478
Lead E 478 (AA)
Zinc E 478 (EDTA titrimetric)

13.1.1 Test method(s) for the determination of elements(s)
required by contractual or purchase order agreement shall be as
agreed upon between the supplier and purchaser.

13.2 Other Test—The product shall conform with the grain
size requirements found in Table 2 when tested in accordance
with the following test method:

Test ASTM Test Method
Grain size E 112 (Heyn Intercept)

14. Significance of Numerical Limits

14.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29:

Property
% Rounded Unit for Observed or

Calculated Value
Chemical composition nearest unit in the last right hand place

of figures of the specified limit
Grain size nearest multiple of 0.005 mm

15. Inspection

15.1 The manufacturer shall inspect and make the tests
necessary to verify that the product furnished conforms to the
requirements of this specification.

15.2 If, in addition, source inspection of the material by the
purchaser is agreed upon between the manufacturer and the
purchaser as part of the purchase contract, the nature of the
facilities needed to satisfy the inspector representing the
purchaser that the product is being furnished in accordance
with this specification shall be included in the agreement. All
tests and the inspection shall be conducted so as not to interfere
unnecessarily with the operation of the works.

15.3 The manufacturer and the purchaser, by mutual agree-
ment, may accomplish the final inspection simultaneously.

16. Rejection and Rehearing

16.1 Rejection:
16.1.1 Product that fails to conform to the specification

requirements when inspected or tested by the purchaser, or
purchaser’s agent, are subject to rejection.

16.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly and in writing.

16.1.3 In case of dissatisfaction with results of the test upon
which rejection is based, the manufacturer, or supplier, may
make claim for a rehearing.

16.2 Rehearing—As a result of product rejection, the manu-
facturer or supplier may make claim for a retest to be
conducted by the manufacturer, or supplier, and the purchaser.
Samples of the rejected product shall be taken in accordance
with the product specification and subjected to test by both
parties using the test method(s) specified in the product
specification, or alternatively, upon agreement of both parties,
an independent laboratory may be selected for the test(s) using
the test method(s) specified in the product specification.

17. Certification

17.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met.

18. Test Report

18.1 When specified in the contract or purchase order, a
report of test results shall be furnished.

19. Packaging and Package Marking

19.1 Packaging—The product shall be separated by size,
composition, and temper, and prepared for shipment in such a
manner as to ensure acceptance by common carrier for
transportation and to afford protection from the normal hazards
of transportation.

19.2 Package Marking—Each shipping unit shall be legibly
marked with the purchase order number, metal or alloy
designation, temper, size, shape, gross and net weight, and
name of supplier. The specification number shall be shown,
when specified.

20. Keywords

20.1 copper alloy strip; flexible metal hose
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APPENDIXES

(Nonmandatory Information)

X1. PREFERRED THICKNESS

X1.1 It is recommended that wherever possible, material
purchased to this specification be ordered in thicknesses
aslisted in Table X1.1.

X2. STANDARD WEIGHT

X2.1 For information purposes, for estimating weights,
cross sections, and so forth, the density of Copper Alloy Nos.
411 and 505 (UNS Nos. C41100 and C50500) are included in
Table X2.1.

SUMMARY OF CHANGES

B 508 – 86 was discontinued in 1993 and reinstated in 1997.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Preferred Thicknesses

NOTE 1—All values in inches [millimetres].

0.004 [0.102] 0.020 [0.508] 0.080 [2.03]
0.005 [0.127] 0.022 [0.559] 0.090 [2.29]
0.006 [0.152] 0.025 [0.635] 0.100 [2.54]
0.007 [0.178] 0.028 [0.711] 0.112 [2.84]
0.008 [0.203] 0.032 [0.813] 0.125 [3.18]
0.009 [0.229] 0.036 [0.914] 0.140 [3.56]
0.010 [0.254] 0.040 [1.02] 0.160 [4.06]
0.011 [0.279] 0.045 [1.14] 0.180 [4.57]
0.012 [0.305] 0.050 [1.27] 0.200 [5.08]
0.014 [0.356] 0.056 [1.42] 0.224 [6.29]
0.016 [0.406] 0.063 [1.60] ...
0.018 [0.457] 0.071 [1.80] ...

TABLE X2.1 Standard Weight

Copper Alloy UNS No. Density, lb/in.3[g/cm]
C41100 0.318 [8.80]
C50500 0.321 [8.89]
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Designation: B 534 – 01

Standard Specification for
Copper-Cobalt-Beryllium Alloy and Copper-Nickel-Beryllium
Alloy Plate, Sheet, Strip, and Rolled Bar 1

This standard is issued under the fixed designation B 534; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification establishes the requirements for plate,
sheet, strip, and rolled bar. The following alloys are included:2

Previously Nominal Composition, %
Copper Alloy Used

UNS No. Designation Beryllium Cobalt Nickel

C17500
C17510

Alloy 10
Alloy 3 or
14

0.6
0.4

2.5
...

...
1.8

1.2 The intent is to provide a system of interchangeable
alloys.

1.3 Units—Values stated in inch-pound units are to be
regarded standard. The values given in brackets are mathemati-
cal conversions to SI units, which are provided for information
only.

1.4 The following safety hazard caveat pertains only to the
test methods described in this specification:

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standardsforms a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 194 Specification for Copper-Beryllium Alloy Plate,

Sheet, Strip, and Rolled Bar3

B 248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar3

B 601 Practice for Temper Designations for Copper and

Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 527 Practice for Numbering Metals and Alloys (UNS)5

3. General Requirements

3.1 The following sections of Specification B 248 constitute
a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Dimensions and Permissable Variations,
3.1.4 Workmanship, Finish, and Appearance,
3.1.5 Sampling,
3.1.6 Number of Tests and Retests,
3.1.7 Specimen Preparation,
3.1.8 Test Methods,
3.1.9 Significance of Numerical Limits,
3.1.10 Inspection,
3.1.11 Rejection and Rehearing,
3.1.12 Certification,
3.1.13 Mill Test Report,
3.1.14 Packaging and Package Marking, and
3.1.15 Heat Identification.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements that supplement those appearing in
Specification B 248.

4. Terminology

4.1 For terms relating to copper and copper alloys, refer to
Terminology B 846.

5. Ordering Information

5.1 Include the following information in orders for prod-
ucts:

5.1.1 ASTM designation and year of issue,
5.1.2 Quantity,
5.1.3 Copper Alloy UNS Number designation (1.1),

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved Oct. 10, 2001. Published December 2001. Originally
published as B 534 – 70. Last previous edition B 534 – 96.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accomodate composition
variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 01.01.

1
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5.1.4 Form of material: plate, sheet, strip, or rolled bar,
5.1.5 Temper (8.1),
5.1.6 Dimensions: thickness and width, and length if appli-

cable,
5.1.7 How furnished: rolls, stock lengths with or without

ends, specific lengths with or without ends, and
5.1.8 When material is ordered for agencies of the U.S.

government.
5.2 The following options are available and should be

specified in the contract or purchase order when required:
5.2.1 Type of edge, if required: slit, sheared, sawed, square

corners, rounded corners, rounded edges, or full-rounded edges
(12.6),

5.2.2 Type of width and straightness tolerances, if required:
slit-metal tolerances, square-sheared-metal tolerances, sawed-
metal tolerances, straightened or edge-rolled-metal tolerances
(12.5),

5.2.3 Special thickness tolerances, if required (12.2),
5.2.4 Tension test or hardness as applicable (Section 10),
5.2.5 Certification if required (see Specification B 248),
5.2.6 Mill Test Report, if required (see Specification B 248),
5.2.7 Specification number and year of issue, and
5.2.8 Special tests or exceptions, if any.

6. Materials and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be Copper Alloy

No. C17500 or C17510, cast and worked, and of such purity
and soundness as to be suitable for processing into the products
prescribed herein.

6.1.2 Heat traceability shall be maintained and reported on
the Mill Test Report or Certification.

6.2 Manufacture:
6.2.1 The product shall be produced with a combination of

hot working, cold working, and thermal processing to produce
a uniform wrought structure, and the specified temper.

7. Chemical Composition

7.1 The material shall conform to the chemical requirements
specified in Table 1 for the copper alloy UNS No. designation
specified in the ordering information.

7.2 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser.

7.3 Copper may be given as remainder and may be taken as
the difference between the sum of all elements analyzed and
100 %.

7.4 When all the elements in Table 1 are analyzed, their sum
shall be 99.5 % minimum.

8. Temper

8.1 Standard tempers for product described in this specifi-
cation are given in Tables 2-6. Tempers are TB00 (solution heat
treated), or TD02 and TD04 (varying degrees of cold work),
TF00 or TH02 and TH04 (precipitation heat treated from the
appropriate tempers), or TM02 and TM04 (mill hardened).

9. Precipitation Heat Treatment

9.1 Solution-heat-treated or solution-heat-treated and cold-
worked material is normally precipitation hardened by the
purchaser after forming or machining. For the purpose of
determining conformance to specified mechanical properties of
Table 3, a sample of this material shall be heat treated as shown
in Table 6. Other heat-treating temperatures and times may be
preferred for end products of this material.

9.2 Special combinations of properties may be obtained by
special precipitation heat-treating techniques. Mechanical
property requirements of Table 3 do not apply to material so
treated.

10. Property Requirements

10.1 Tensile Strength Requirements:
10.1.1 When specified, product furnished under this speci-

fication shall conform to the tensile requirements prescribed in
Tables 2-4 when tested in accordance with Test Method E 8.
Values in Table 2 are in the solution-heat-treated, and solution-
heat-treated and cold-worked condition, in Table 3 after
precipitation heat treatment and in Table 4 in the mill-hardened
conditions. Precipitation heat treatment parameters are speci-
fied in Section 9.

10.1.2 Tension tests are required for material equal to or less
than 0.050 in. (1.27 mm) in thickness.

10.2 Rockwell Hardness Requirements:
10.2.1 For material thicker than 0.050 in. (1.27 mm), and

except when the tension test is specified by the purchaser at the
time the order is placed or when agreement cannot be reached
on hardness values, products furnished under this specification
shall conform to the Rockwell hardness requirements pre-
scribed in Tables 2 and 3, when tested in accordance with Test
Methods E 18.

TABLE 1 Chemical Requirements

Element

Composition, %

Copper Alloy UNS No.
C17500

Copper Alloy UNS No.
C17510

Beryllium 0.4–0.7 0.2–0.6
Cobalt 2.4–2.7 0.3 max
Silicon, max 0.20 0.20
Nickel ... 1.4–2.2
Iron, max 0.10 0.10
Aluminum, max 0.20 0.20
Copper balance balance

TABLE 2 Mechanical Property Requirements for Material in the
Solution-Heat-Treated or Solution-Heat-Treated and Cold-Worked

Condition

Temper Designation Tensile Strength
Elonga-
tionA in
2 in. (50
mm), %

Rockwell
HardnessB

Stand-
ardC Former ksiD MPaE B 30T

TB00 A 35–55 [240–380] 20–35 45 max 45 max
TD02 1⁄2H 60–75 [415–520] 5–10 65–77 60–68
TD04 H 70–85 [480–585] 2–8 78–88 69–75

A Elongation requirement applies only to material 0.004 in. (0.102 mm) and
thicker.

B The thickness that may be tested in the case of the Rockwell hardness scales
is as follows:

B Scale 0.045 in. (1.14 mm) and over.
30 T Scale 0.032 to 0.045 in. (0.812 to 1.14 mm), excl.

Hardness values shown apply only to direct determinations, not converted values.
C Standard designations defined in Practice B 601.
D ksi = 1000 psi.
E See Appendix X1.
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11. Performance Requirements

11.1 Electrical Conductivity:
11.1.1 The electrical conductivity of this material after

precipitation heat-treatment in accordance with Section 9 shall
conform to Table 5.

12. Dimensions and Permissible Variations

12.1 The dimensions and tolerances for material covered by
this specification shall be as prescribed in the current edition of
Specification B 248, with particular reference to Section 5 and
the following tables of that specification:

12.2 Thickness—See Table 2, and for special tolerances,
Table 3.

12.3 Width:
12.3.1 Slit Metal and Slit Metal with Rolled Edges—See

Table 4.
12.3.2 Square-Sheared Metal—See Table 5.
12.3.3 Sawed Metal—See Table 6.

12.4 Length:
12.4.1 Specific and Stock Lengths With and Without Ends—

See Table 7.
12.4.2 Schedule of Lengths (Specific and Stock) With

Ends—See Table 8.
12.4.3 Length Tolerances for Square-Sheared Metal—See

Table 9.
12.4.4 Length Tolerances for Sawed Metal— See Table 10.
12.5 Straightness:
12.5.1 Slit Metal or Edge-Rolled Metal— See Table 11.
12.5.2 Square-Sheared Metal—See Table 12.
12.5.3 Sawed Metal—See Table 13.
12.6 Edges:
12.6.1 Square Edges—See Table 14.
12.6.2 Rounded Corners—See 5.6.2 and Table 15.
12.6.3 Rounded Edges—See Table 16.
12.6.4 Full-Rounded Edges—See 5.6.4 and Table 17.

13. Workmanship, Finish and Appearance

13.1 The product shall be free of defects, but blemishes of
a nature that do not interfere with the intended application are
acceptable.

14. Sampling

14.1 Sampling shall be in accordance with Specification
B 248 Section 7, except that the heat size is defined as 12 000
lb (5455 kg) or fraction thereof.

14.2 Sample pieces shall be taken from a heat and lot of
material processed simultaneously in the same equipment, as
follows:

14.2.1 Heat—A heat shall be the result of castings poured
simultaneously from the same source of molten metal.

14.2.2 Lot—The lot shall be a heat or fraction thereof.

15. Number of Tests and Retests

15.1 Specification B 248 constitutes a part of this specifica-
tion.

15.2 Test specimens shall be taken from sample pieces
selected in accordance with 14.1.

16. Specimen Preparation

16.1 Specimen preparation shall be in accordance with
Specification B 248 Section 9, with the preferred test specimen
direction having its longitudinal axis parallel to the rolling
direction.

TABLE 3 Mechanical Property Requirements After Precipitation Heat Treatment A

Temper Designation Tensile Strength
Yield Strength, ksi
min, 0.2 % Offset

ElongationB in
2 in. (50 mm),

% min

Rockwell
HardnessC

Standard Former ksiD MPaE ksiD MPaE B 30T
TF00 AT 100–130 [690–895] 80 [550] 10 92–100 77–82
TH02 1⁄2 HT 110–140 [760–965] 95 [655] 8 95–102 79–83
TH04 HT 110–140 [760–965] 95 [655] 8 95–102 79–83

A These values apply to mill products (Section 17). See 17.3 for exceptions in end products.
B Elongation requirement applies only to material 0.004 in. (0.102 mm) and thicker.
C The thickness that may be tested in the case of the Rockwell hardness scales is as follows:
B Scale 0.045 in. (1.14 mm) and over.
30 T Scale 0.032 to 0.045 in (0.812 to 1.14 mm) excl.
Hardness values shown apply only to direct determinations, not converted values.
D ksi = 1000 psi.
E See Appendix X1.

TABLE 4 Mechanical Property Requirements—Mill-Hardened
Condition A

Temper
Standard

Designation
Former

Tensile Strength Yield Strength ElongationB

in 2 in. (50
mm) min. %

ksiC MPaD ksiC MPaD

0.2 % Offset
TM02 1⁄2 HM 95–120 [655–827] 85–110 [586–758] 10
TM04 HM 110–135 [758–931] 100–125 [689–862] 6

A These values apply to mill products (Section 17). See 17.3 for exceptions in
end products.

B Elongation requirement applies only to material 0.004 in. (0.102 mm) and
thicker.

C ksi = 1000 psi.
D See Appendix X1.

TABLE 5 Electrical Conductivity

Temper IACS, min, %

TF00 (AT) 45
TH02 (1/2 HT) 48
TH04 (HT) 48
TM02 50
TM04 50

TABLE 6 Precipitation-Heat-Treatment Time for Acceptance Tests

Standard
(Before Precipitation Heat Treatment)

Former
At 850°F (454°C) to
900°F (482°C)A, h

TB00 A 3
TD02 1⁄2 H 2
TD04 H 2

A Specific temperature used must conform with supplier’s certification.
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17. Test Method

17.1 Section 10 of Specification B 248 constitutes a part of
this specification.

17.2 Chemical Analysis—The test method for determining
chemical analysis for compliance and preparation of certifica-
tions and test reports shall be at the discretion of the reporting
laboratory.

17.2.1 10.2 of Specification B 248 is amended to include in
the group of chemical analysis techniques found in Specifica-
tion B 194, Annex.

17.3 When analysis for unnamed or residual elements is
required in the purchase order, the method of analysis shall be
mutually agreed upon between manufacturer or supplier and
purchaser.

18. Keywords

18.1 C17500; C17510; copper-beryllium; copper plate; cop-
per rolled bar; copper strip; flat product

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 534 – 96)
that may impact the use of this standard.

(1) A comprehensive five-year review was conducted. No
technical changes were made to temper and property require-
ments. Some sections were rearranged, renumbered, and in
some cases reworded to conform to the newOutline of Form
and Styleand theForm and Style for ASTM Standards(Blue
Books).

(2) Silicon and Aluminum maximum limits were added to
Table 1 to match the UNS registered alloy composition.

(3) Heat and Lot size were more specifically defined.

(4) A General Requirements section was added.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 543 – 96 (Reapproved 2003)

Standard Specification for
Welded Copper and Copper-Alloy Heat Exchanger Tube 1

This standard is issued under the fixed designation B 543; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers welded tube of copper and
various copper alloys up to 31⁄8 in., inclusive, in diameter, for
use in surface condensers, evaporators, heat exchangers, and
general engineering applications. Tubes for this application are
normally made of the following coppers or copper alloys:2

Copper or
Copper Alloy UNS

No.2
Previously Used

Designation
Type of Metal

C10800 ... oxygen-free, low phosphorus
C12200 DHPA phosphorized, high residual phos pho-

rus
C19400 ... copper-iron alloy
C23000 ... red brass
C44300 ... arsenical admiralty
C44400 ... antimonial admiralty
C44500 ... phosphorized admiralty
C68700 ... arsenical aluminum brass
C70400 ... 95-5 copper-nickel
C70600 ... 90-10 copper-nickel
C71000 ... 80-20 copper-nickel
C71500 ... 70-30 copper-nickel
C71640 ... copper-nickel-iron-manganese
C72200 ... ...

____________
A Designation listed in Classification B 224.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.(Warning—
Mercury is a definite health hazard in use and disposal. (See
14.1.))

NOTE 1—A complete metric companion to Specification B 543 has
been developed—B 543M; therefore, no metric equivalents are presented
in this specification.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:3

B 153 Test Method for Expansion (Pin Test) of Copper and
Copper-Alloy Pipe and Tubing

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys

B 224 Classification of Coppers
E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 53 Test Methods Determination of Copper in Unalloyed

Copper by Gravimetry
E 54 Test Methods for Chemical Analysis of Special

Brasses and Bronzes4

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys

E 112 Test Methods for Determining Average Grain Size
E 243 Practice for Electromagnetic (Eddy-Current) Exami-

nation of Copper and Copper-Alloy Tubes
E 478 Test Methods for Chemical Analysis of Copper

Alloys
E 255 Practice for Sampling Copper and Copper Alloys for

Determination of Chemical Composition
E 527 Practice for Numbering Metals and Alloys (UNS)

3. Terminology

3.1 Description of Term Specific to This Standard:
3.1.1 capable of—as used in this specification, the test need

not be performed by the producer of the material. However,1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 1, 2003. Published November 2003. Originally
approved in 1970. Last previous edition approved in 1996 as B 543 – 96e1.

2 New designation established in accordance with Practice E 527. In the new
UNS system, the designations for copper alloys are simply expansions of the present
standard designations by a prefix “C” and a suffix “00.”

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Withdrawn.

1
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should subsequent testing by the purchaser establish that the
material does not meet these requirements, the material shall be
subject to rejection.

4. Types of Welded Tube

4.1 Forge-Welded Tubemanufactured as described in 6.2.1,
6.2.1.1, and 6.2.1.2.

4.1.1 As-Welded Tube—Forge-welded tube with internal
and external flash removed and no further refinement of grain
structure.

4.1.2 Welded and Annealed Tube—Forge-welded tube with
internal and external flash removed, that has been annealed to
produce a uniform grain size appropriate to the specified
annealed temper.

4.1.3 Welded and Cold-Reduced Tube—Forge-welded tube
with internal and external flash removed and subsequently cold
reduced to conform to the specified size and temper.

4.1.4 Welded and Cold-Drawn Tube—Forge-welded tube
with internal and external flash removed and subsequently cold
drawn over a plug or mandrel to the specified size and temper.

4.2 Fusion-Welded Tubemanufactured as described in
6.2.2.

4.2.1 As-Welded Tube—Fusion-welded tube with no further
refinement of grain structure.

4.2.2 Welded and Annealed Tube—Fusion-welded tube that
has been annealed to produce a uniform grain size appropriate
to the specified annealed temper. The structure of the weld zone
shall be that which is typical of a fusion weld.

4.2.3 Welded and Cold-Reduced Tube—Fusion-welded tube
subsequently cold-reduced to conform to the specified size and
temper.

4.2.4 Welded and Cold-Drawn Tube—Fusion-welded tube
subsequently cold-drawn over a plug or mandrel to the
specified size and temper.

4.3 Fully Finished Tube—Welded tube with internal and
external flash removed, if present, and subsequently cold-
drawn over a plug or mandrel and annealed, and redrawn when
necessary to conform to the specified temper.

5. Ordering Information

5.1 Orders for material under this specification shall include
the following information:

5.1.1 Quantity of each size (number of pieces and number of
feet),

5.1.2 Material (Sections 1, 6, and 7),
5.1.3 Temper (Section 8),
5.1.3.1 If tension tests are required (Section 9),
5.1.4 Whether a pressure test is to be used instead of the

eddy-current test (see 15.1),
5.1.5 Dimensions, the diameter, wall thickness, whether

minimum or nominal wall, and length, (Section 16),
5.1.6 Type of welded tube (Section 4),
5.1.7 Whether cut ends of the tube are to be deburred,

chamfered, or otherwise treated (see 17.1),
5.1.8 If the product is to be subsequently welded (see Table

1 and Footnote C),
5.1.9 Specification number and year of issue,
5.1.10 Certification, if required (Section 24), and
5.1.11 Mill test report, if required (Section 26).
5.2 In addition, when material is purchased for agencies of

the U.S. Government, it shall conform to the Supplementary
Requirements as defined herein when specified in the contract
or purchase order.

6. Materials and Manufacture

6.1 The material shall be of such quality and purity that the
finished product shall have the properties and characteristics
prescribed in this specification.

6.2 Welded tube shall be made of clean strip in either
cold-rolled or annealed tempers. The strip shall be formed into
a tubular shape on a suitable forming mill.

6.2.1 For forge-welded tube, the edges of the strip shall be
heated to the required welding temperature, usually by high-
frequency electric current, and be pressed firmly together
causing a forge-type joint to be formed with internal and
external flash or bead.

TABLE 1 Chemical Requirements

Copper or
Copper Al-

loy UNS No.

Composition, %

CopperA
Nickel incl
Cobalt

Lead,
max

Iron Zinc
Man-
ganese

Aluminum Phosphorus Tin Antimony Arsenic
Other
Ele-

ments

C10800 99.95B min ... ... ... ... ... ... 0.005–0.012 ... ... ... ...
C12200 99.9 min ... ... ... ... ... ... 0.015–0.040 ... ... ... ...
C19400 97.0–97.8 ... 0.03 2.1–2.6 0.05–0.20 ... ... 0.015–0.15 ... ... ... ...
C23000 84.0–86.0 ... 0.05 0.05 max remainder ... ... ... ... ... ... ...
C44300 70.0–73.0 ... 0.07 0.06 max remainder ... ... ... 0.8–1.2 ... 0.02–0.06 ...
C44400 70.0–73.0 ... 0.07 0.06 max remainder ... ... ... 0.8–1.2 0.02–0.10 ... ...
C44500 70.0–73.0 ... 0.07 0.06 max remainder ... ... 0.02–0.10 0.8–1.2 ... ... ...
C68700 76.0–79.0 ... 0.07 0.06 max remainder ... 1.8–2.5 ... ... ... 0.02–0.06 ...
C70400 remainder 4.8–6.2 0.05 1.3–1.7 1.0 max 0.30–0.8 ... ... ... ... ... ...
C70600 remainder 9.0–11.0 0.05C 1.0–1.8 1.0 maxC 1.0 max ... C ... ... ... C

C71000 remainder 19.0–23.0 0.05C 0.50–1.0 1.0 maxC 1.0 max ... C ... ... ... C

C71500 remainder 29.0–33.0 0.05C 0.40–1.0 1.0 maxC 1.0 max ... C ... ... ... C

C71640 remainder 29.0–32.0 0.05C 1.7–2.3 1.0 maxC 1.5–2.5 ... C ... ... ... C

C72200D remainder 15.0–18.0 0.05C 0.5–1.0 1.0 maxC 1.0 max ... C ... ... ... C,D

A Silver counting as copper.
B Copper + silver + phosphorus.
C When the product is for subsequent welding applications and so specified by the purchaser, zinc shall be 0.50 % max, lead 0.02 % max, phosphorus 0.02 % max,

sulfur 0.02 % max, and carbon 0.05 % max.
D Chromium 0.30 to 0.70.
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6.2.1.1 The external flash (that portion of the weld which
extends beyond the normal wall) shall always be removed.

6.2.1.2 The internal flash in forge-welded tube shall be
removed to the extent that it shall not exceed 0.006 in. in height
or 10 % of the nominal wall thickness, whichever is greater.

6.2.2 For fusion-welded tube, the edges of the strip shall be
brought together and welded, usually by a GTAW welding
process, without the addition of filler metal, causing a fusion-
type joint to be formed with no internal or external flash or
bead removal necessary.

6.2.3 Tube type, 4.3, fully finished tube, may be welded and
subsequently processed by any method that would produce a
tube suitable for subsequent cold-drawing and annealing.

6.2.4 There shall be no crevice in the weld seam visible to
the unaided eye.

NOTE 2—The term “unaided eye” as used herein permits the use of
corrective spectacles necessary to obtain normal vision.

7. Chemical Composition

7.1 The material shall conform to the requirements specified
in Table 1.

7.2 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser.

7.2.1 For Copper Alloy UNS No. C19400, copper may be
taken as the difference between the sum of all the elements
analyzed and 100 %. When all the elements in Table 1 are
analyzed, their sum shall be 99.8 % minimum.

7.2.2 For copper alloys in which copper is specified as the
remainder, copper may be taken as the difference between the
sum of all the elements analyzed and 100 %.

7.2.2.1 Copper Alloy UNS Nos. C70400, C70600, C71000,
C71500, and C71640—When all the elements in Table 1 are
analyzed, their sum shall be 99.5 % minimum.

7.2.2.2 Copper Alloy UNS No. C72200—When all the
elements in Table 1 are analyzed, their sum shall be 99.8 %
minimum.

7.2.3 For copper alloys in which zinc is specified as the
remainder, either copper or zinc may be taken as the difference
between the sum of all the elements analyzed and 100 %.

7.2.3.1 Copper Alloy UNS No. C23000—When all the
elements in Table 1 are analyzed, their sum shall be 99.8 %
minimum.

7.2.3.2 Copper Alloy UNS Nos. C44300, C44400, and
C44500—When all the elements in Table 1 are analyzed, their
sum shall be 99.6 % minimum.

7.2.3.3 Copper Alloy UNS No. C68700—When all the
elements in Table 1 are analyzed, their sum shall be 99.5 %
minimum.

8. Temper

8.1 Tube tempers shall be designated as follows:
8.1.1 Annealed tempers,
8.1.1.1 Welded and annealed,
8.1.1.2 Fully finished—annealed,
8.1.2 Light cold worked tempers,
8.1.2.1 As-welded from annealed strip,
8.1.2.2 As-welded, light cold worked, and

8.1.2.3 Fully finished—light drawn.
8.2 Other tempers shall be produced to the mechanical

properties as agreed upon between the manufacturer or supplier
and the purchaser.

8.3 Tubes of Copper Alloy UNS Nos. C23000, C44300,
C44400, C44500, and C68700 shall be furnished in the
annealed temper or the stress relieved condition as specified in
the purchase order unless otherwise agreed upon between the
purchaser and the manufacturer or supplier.

8.4 Tubes of Copper Alloy UNS Nos. C12200, C19400,
C70400, C70600, C71000, C71500, C71640, and C72200 are
normally supplied in the temper specified in the purchase order
without stress relief treatment.

NOTE 3—Some tubes, when subjected to aggressive environments, may
be subject to stress-corrosion cracking failure because of the residual
tensile stresses developed in straightening. For such applications, it is
suggested that tubes of Copper Alloy UNS Nos. C23000, C44300,
C44400, C44500, and C68700 be subjected to a stress relieving thermal
treatment subsequent to straightening. If required, this must be specified
on the purchase order or contract. Tolerances for roundness and length,
and the condition of straightness, for tube so ordered, shall be to the
requirements agreed upon between the manufacturer and the purchaser.

NOTE 4—The temper of 8.1.2.2 is to permit the production of a light
cold-worked as-welded tube by means other than the use of annealed strip.
Some of these, for example, are the use of annealed to temper strip, the use
of lightly cold-rolled strip, and the use of cold-rolled strip and wherein the
resulting tube is subsequently relief annealed.

9. Mechanical Properties

9.1 Tube specified to meet strength requirements shall have
tensile properties as prescribed in Table 2.

10. Microscopical Examination

10.1 Samples of welded and annealed tube and of fully
finished annealed tube shall be subjected to microscopical
examination at a magnification of 75 diameters.

10.1.1 Forge-welded and annealed tube shall have a com-
pletely recrystallized grain structure, and the weld zone shall
have a structure typical of hot-forged welds.

10.1.2 Fusion-welded and annealed tube shall have a com-
pletely recrystallized grain structure, and the weld zone shall
have a structure typical of a fusion weld.

10.1.3 Fully finished and annealed tube shall have a com-
pletely recrystallized structure typical of the metal when
cold-worked and annealed, including the weld zone.

10.2 Samples selected for test shall be examined micro-
scopically at a magnification of 75 diameters to establish that
the weld interface is metallurgically sound.

11. Expansion Test

11.1 Tubes supplied in the annealed temper (8.1.1) and the
light cold-worked temper (8.1.2) and tubes supplied in the
stress relieved condition shall pass the expansion test as
specified in 11.2.

11.2 Tube specimens selected for test shall withstand the
expansion shown in Table 3 when expanded in accordance with
Test Method B 153. The expanded tube shall show no cracking
or rupture visible to the unaided eye (see Note 2).
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12. Flattening Test

12.1 Test specimens at least 4 ft in length shall be flattened
on different elements throughout the length remaining after
specimens for the expansion and metallographic tests have
been taken. Each element shall be slowly flattened by one
stroke of a press. The term “flattened” shall be interpreted as

follows: A micrometer caliper set at three times the wall
thickness shall pass over the tube freely throughout the
flattened part except at the points where the change in element
of flattening takes place. The flattened elements shall not show
cracking or rupture visible to the unaided eye (Note 2). The
weld when visible or identifiable shall be placed in the position
of maximum bend on one half of the flattened elements. When
tubes are specified in a temper other than annealed (8.1.1), this
test is required and may be made on annealed specimens.

13. Reverse Bend Test

13.1 A section 4 in. in length shall be split longitudinally
90° on each side of the weld. The sample shall then be opened
and bent around a mandrel with a diameter four times the wall
thickness, with the mandrel parallel to the weld and on the
outside of the tube. The weld when visible or identifiable shall
be at the point of maximum bend. There shall be no evidence
of cracks, or lack of penetration in the weld, or of overlaps
resulting from flash removal visible to the unaided eye (Note
2). When tubes are specified in a temper other than annealed
(8.1.1), this test is required and may be made on annealed
specimens.

14. Mercurous Nitrate Test

14.1 Warning—Mercury is a definite health hazard and
therefore equipment for the detection and removal of mercury
vapor produced in volatilization is recommended. The use of
rubber gloves in testing is advisable.

14.2 The test specimens, cut 6 in. in length, shall withstand,
without cracking, an immersion in the standard mercurous
nitrate solution prescribed in Test Method B 154. The test
specimens shall include the finished tube end. The mercurous
nitrate test is required for Copper Alloy UNS Nos. C23000,

TABLE 2 Tensile Requirements

Copper or Copper Alloy UNS No.
TemperA Tensile Strength,

min, ksiB
Yield Strength at 0.5 %

Extension Under Load, min,
ksiBDesignation Name

C10800, C12200 W061 annealed 30 9C

WC55 light cold-worked 32 15
C19400 W061 annealed 45 15

WC55 light cold-worked 45 22
C23000 W061 annealed 40 12

WC55 light cold-worked 42 20
C44300, C44400, C44500 W061

WC55
annealed
light cold-worked

45
50

15
35

C68700 W061 annealed 50 18
WC55 light cold-worked D D

C70400 W061 annealed 38 12
WC55 light cold-worked 40 30

C70600 W061 annealed 40 15
WC55 light cold-worked 45 35

C71000 W061 annealed 45 16
WC55 light cold-worked 50 35

C71500 W061 annealed 52 18
WC55 light cold-worked 54 35

C71640 W061 annealed 63 25
WC55 light cold-worked 75 40

C72200 W061 annealed 45 16
WC55 light cold-worked 50 30

A When tempers listed in 8.1.2 are specified in the stress-relieved condition, the same properties as listed above shall apply.
B ksi = 1000 psi.
C Light straightening operation is permitted.
D Where no properties are shown, strength requirements shall be as agreed upon between the purchaser and the manufacturer or supplier.

TABLE 3 Expansion Requirements

Temper
Copper or Copper Alloy

UNS No.

Expansion of Tube
Outside Diameter,
in Percent of Origi-

nal Outside Diameter

Annealed C10800 30
C12200 30
C19400 20
C23000 20
C44300, C44400, 20

C44500
C68700 20
C70400 30
C70600 30
C71000 30
C71500 30
C71640 30
C72200 30

Light cold-worked C10800 20
C12200 20
C19400 20
C70400 20
C70600 20
C71000 20
C71500 20
C71640 20
C72200 20

Annealed and light cold- C23000 20
worked, stress relieved C44300, C44400, 20

C44500
C68700 20
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C44300, C44400, C44500, and C68700 in the stress-relieved
condition for tempers listed in 8.1.2.1, 8.1.2.2, and 8.1.2.3.

15. Nondestructive Testing

15.1 Each tube shall be subjected to an eddy-current test in
15.1.1. Fully finished tube (see 4.3) may be tested in the final
drawn, annealed, or heat-treatment temper or in the drawn
temper prior to the final anneal or heat treatment, unless
otherwise agreed upon between the manufacturer or supplier
and the purchaser. Tube supplied welded and annealed (see 4.2)
may be tested in the welded condition before anneal or heat
treatment, unless otherwise agreed upon between the manufac-
turer or supplier and the purchaser. The purchaser may specify
either of the tests in 15.1.2 or 15.1.3 as an alternative to the
eddy-current test.

15.1.1 Eddy Current Test—Each tube shall be passed
through an eddy-current testing unit adjusted to provide
information on the suitability of the tube for the intended
application. Testing shall follow the procedures of Practice
E 243, except as modified in 15.1.1.2.

15.1.1.1 The depth of the round-bottom transverse notches
and the diameters of the drilled holes in the calibrating tube
used to adjust the sensitivity of the test unit are shown in Table
4 and Table 5 respectively.

15.1.1.2 The discontinuities used to calibrate the test system
may be placed in the strip from which the tube will be
manufactured. These calibration discontinuities will pass
through the continuous operations of forming, welding, and
eddy-current testing. The test unit sensitivity required to detect
the resultant discontinuities shall be equivalent to or greater
than that required to detect the notches or drilled holes of Table
4 and Table 5 respectively, or other calibration discontinuities
that may be used by mutual agreement between the manufac-
turer or supplier and the purchaser. Calibration discontinuities
may be on the outside tube surface, the internal tube surface, or
through the tube wall and shall be spaced to provide signal
resolution adequate for interpretation. Each calibration discon-
tinuity shall be detected by the eddy-current tester.

15.1.1.3 Tubes that do not actuate the signaling device of
the eddy-current tester shall be considered as conforming to the
requirements of this test. Tubes causing irrelevant signals
because of moisture, soil, and like effects may be reconditioned
and retested. Such tubes, when retested to the original test
parameters, shall be considered to conform if they do not cause
output signals beyond the acceptable limits. Tubes causing
irrelevant signals because of visible and identifiable handling
marks may be retested by the hydrostatic test prescribed in
15.1.2, or the pneumatic test prescribed in 15.1.3. Tubes

meeting requirements of either test shall be considered to
conform if the tube dimensions are within the prescribed limits,
unless otherwise agreed to by the manufacturer or supplier and
the purchaser.

15.1.2 Hydrostatic Test—When specified, each tube se-
lected in accordance with 15.1 shall withstand, without show-
ing evidence of leakage, an internal hydrostatic pressure
sufficient to subject the material to a fiber stress of 7000 psi,
determined by the following equation for thin hollow cylinders
under tension. The tube need not be tested at a hydrostatic
pressure of over 1000 psig unless so specified.

P 5 2St/~D 2 0.8t! (1)

where:
P = hydrostatic pressure, psig,
t = thickness of tube wall, in.,
D = outside diameter of the tube, in., and
S = allowable stress of the material, psi.

15.1.3 Pneumatic Test—When specified, each tube shall be
subjected to an internal air pressure of 60 psig minimum for 5
s without showing evidence of leakage. The test method used
shall permit easy visual detection of any leakage, such as by
having the tube under water or by the pressure-differential
method. Any evidence of leakage shall be cause for rejection.

16. Dimensions and Permissible Variations

16.1 Diameter—The outside diameter of the tubes shall not
vary from that specified by more than the amounts shown in
Table 6 as measured by “go” and “no-go” ring gages. Where no
values are shown in the table, dimensions shall be as agreed
upon between the purchaser and the manufacturer or supplier.

16.2 Wall Thickness Tolerances:
16.2.1 Tubes Ordered to Minimum Wall— No tube at its

thinnest point shall be less than the specified wall thickness or
greater than the specified wall thickness plus twice the toler-
ance values shown in Table 7.

16.2.2 Tubes Ordered to Nominal Wall— The maximum
plus and minus deviation from the nominal wall at any point
shall not exceed the values shown in Table 7.

16.3 Length—The length of the tubes shall not be less than
that specified when measured at a temperature of 20°C, but
may exceed the specified value by the amounts given in Table
8.

16.4 Squareness of Cut—The departure from squareness of
the end of any tube shall not exceed the values shown in Table
9.

TABLE 4 Notch Depth

Tube Wall
Thickness, in.

Tube Outside Diameter, in.

Over 1⁄4 to
3⁄4 , incl

Over 3⁄4 to
11⁄4 , incl

Over 11⁄4 to
31⁄8 , incl

Over 0.017–0.032 0.005 0.006 0.007
Incl. 0.032–0.049 0.006 0.006 0.0075
Incl. 0.049–0.083 0.007 0.0075 0.008
Incl. 0.083–0.109 0.0075 0.0085 0.0095
Incl. 0.109–0.120 0.009 0.009 0.011

TABLE 5 Diameter of Drilled Holes

Tube Outside Diameter
Diameter of Drilled

Holes Drill No.

in. in.

1⁄4 –3⁄4 , incl 0.025 72
Over 3⁄4 –1, incl 0.031 68
Over 1–11⁄4 , incl 0.036 64
Over 11⁄4 –11⁄2 , incl 0.042 58
Over 11⁄2 –13⁄4 , incl 0.046 56
Over 13⁄4 –2, incl 0.052 55
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NOTE 5—For the purpose of determining conformance with the dimen-
sional requirements prescribed in this specification, any measured value
outside the specified limiting values for any dimension may be cause for
rejection.

17. Workmanship, Finish, and Appearance

17.1 Roundness, straightness, uniformity of the wall thick-
ness, and inner and outer surface of the tube shall be such as to
make it suitable for the intended application. Unless otherwise
specified on the purchase order, the cut ends of the tubes shall
be deburred by use of a rotating wire wheel or other suitable
tool.

17.2 Welded and annealed, fully finished annealed, or
stress-relieved tubes shall be clean and smooth but may have a
superficial, dull iridescent film on both the inside and the

outside surfaces. All other tubes shall be clean and smooth but
may have a superficial film of drawing or other lubricant on the
surfaces.

18. Sampling

18.1 Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:

18.1.1 Lot Size—600 tubes or 10 000 lb or a fraction of
either, whichever constitutes the greater weight.

18.1.2 Portion Size—Sample pieces from two individual
lengths of finished product.

18.2 Samples taken for the purpose of the tests prescribed in
the specification shall be selected in a manner that will
represent correctly the material furnished and avoid needless
destruction of finished material when samples representative of
the material are available from other sources.

18.3 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
millings, and so forth, shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 18.1.2 and combined into one composite sample. The
minimum weight of the composite sample that is to be divided
into three equal parts shall be 150 g.

18.3.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semi-finished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and

TABLE 6 Diameter Tolerances

Outside Diameter, in.

Wall Thickness, in.

0.020A

0.022
0.025
0.028

0.032 0.035 0.042 0.049 and Over

Diameter Tolerance, Plus and Minus, in.

Up to 0.500, incl 0.003 0.0025 0.0025 0.0025 0.0025
Over 0.500–0.740, incl 0.004 0.004 0.004 0.0035 0.003
Over 0.740–1.000, incl 0.006 0.006 0.005 0.0045 0.004
Over 1.000–1.250, incl ... 0.009 0.008 0.006 0.0045
Over 1.250–1.375, incl ... ... ... 0.008 0.005
Over 1.375–2.000, incl ... ... ... ... 0.006
Over 2.000–3.125, incl ... ... ... ... 0.0065

A Thin wall thicknesses are supplied only in light cold-worked tubes.

TABLE 7 Wall Thickness Tolerances

Wall Thickness, in.

Outside Diameter, in.

Over 1⁄8 to 5⁄8 ,
incl

Over 5⁄8 to 1,
incl

Over 1 to 2,
incl

Over 2 to 3.125,
incl

Wall Thickness Tolerances, Plus and Minus, in.

0.020 incl, to 0.032 0.003 0.003 ... ...
0.032 incl, to 0.035 0.003 0.003 0.004 ...
0.035 incl, to 0.058 0.004 0.0045 0.0045 0.005
0.058 incl, to 0.083 0.0045 0.005 0.005 0.0055
0.083 incl, to 0.120 0.005 0.0065 0.0065 0.0065
0.120 incl, to 0.135 0.007 0.007 0.0075 0.008

TABLE 8 Length Tolerances

Specified length, ft
Tolerance, all Plus,

in.

Up to 15 3⁄32

Over 15–20, incl 1⁄8
Over 20–30, incl 5⁄32

Over 30–60, incl 3⁄8
Over 60–100, inclA 1⁄2

A Condenser tubes in lengths over 100 ft are not in present demand. Tolerance
values for these lengths will be developed as experience dictates. Tolerance
values for lengths in wall thicknesses of 0.020, incl to 0.032 shall be agreed upon
between the manufacturer or supplier and the purchaser.

TABLE 9 Squareness of Cut

Tube Outside Diameter, in. Tolerance
Up to 5⁄8 , incl 0.010 in.
Over 5⁄8 0.016 in./in. of diameter
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analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

18.3.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

18.3.1.2 When samples are taken from the semi-finished
product, a sample shall be taken to represent each 10 000 lb or
fraction thereof, except that not more than one sample shall be
required per piece.

18.3.2 Due to the discontinuous nature of the processing of
castings into wrought products, it is not practical to identify
specific casting analysis with a specific quantity of finished
material.

18.3.3 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

19. Number of Tests and Retests

19.1 Tension Tests—When tensile strength is specified, two
tubes shall be selected from each lot and subjected to the
tension test which shall, in case of disagreement, be made in
accordance with Test Methods E 8.

19.2 Other Tests—For tests specified in Sections 10-14
inclusive, specimens shall be taken from each of the pieces
selected in accordance with 18.1.

19.3 If any test specimen representing a lot fails to conform
to the requirements of Sections 7, 10, 11, 12, 13, and 14, two
additional specimens, at the option of the manufacturer, may be
taken as before, and submitted for check analysis or subjected
to any tests in which the original specimen failed, but each of
these specimens shall conform to the requirements specified.

20. Test Methods

20.1 The properties and chemical compositions enumerated
in this specification shall, in case of disagreement, be deter-
mined in accordance with the following test methods:

Test ASTM Designation
Chemical analysis E 53, E 54, E 62, E 75, E 478
Grain size E 112
Expansion (pin test) B 153
Mercurous nitrate B 154
Tension E 8

20.2 Tension test specimens shall be of the full section of
the tube and shall conform to the requirements of the Signifi-
cance and Use Section of Test Methods E 8, unless the
limitations of the testing machine preclude the use of such a
specimen. Test specimens conforming to type No. 1 of Fig. 13,
Tension Test Specimens for Large-Diameter Tubular Products,
of Test Methods E 8 may be used when a full section specimen
cannot be tested.

20.3 Whenever tension test results are obtained from both
full size and machined test specimens and they differ, the
results obtained from full-size test specimens shall be used to
determine conformance to the specification requirements.

20.4 Tension test results on material covered by this speci-
fication are not seriously affected by variations in speed of
testing. A considerable range of testing speed is permissible;
however, the range of stressing to the yield strength should not
exceed 100 ksi/min. Above the yield strength the movement
per minute of the testing machine head under load should not

exceed 0.5 in./in. of gage length (or distance between grips for
full-section specimens).

20.5 The surface of the test specimen for microscopical
examination of grain size shall approximate a radial longitu-
dinal section of the tube.

20.6 The surface of the test specimen for microscopical
examination of the weld interface shall approximate a trans-
verse section of the tube.

21. Significance of Numerical Limits

21.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property
Rounded Unit for Observed or

Calculated Value

Chemical composition nearest unit in the last righthand place
of figures

Tensile strength and yield strength nearest ksi (up to 10 ksi, incl, over 10
to 100 ksi, incl)

Elongation nearest 1 %
Grain size nearest multiple of 0.005 mm

22. Inspection

22.1 The manufacturer shall afford the inspector all reason-
able facilities to satisfy him that the tubes being furnished are
in accordance with this specification. All tests (except check
analysis) and inspection shall be made at the place of manu-
facture, prior to shipment, unless otherwise specified, and shall
be so conducted as not to interfere unnecessarily with the
operation of the works.

23. Rejection and Rehearing

23.1 Material that fails to conform to the requirements of
this specification when inspected or tested by the purchaser or
his agent may be rejected. Rejection should be reported to the
manufacturer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the manufacturer or
supplier may make claim for a rehearing.

24. Certification

24.1 When specified in the purchase order or contract, a
manufacturer’s certificate of compliance shall be furnished to
the purchaser stating that each lot has been sampled, tested, and
inspected in accordance with this specification and the require-
ments have been met. When material is specified to meet the
requirements ofASME Boiler and Pressure Vessel Code, the
certification requirements are mandatory.

25. Packaging and Package Marking

25.1 The material shall be separated by size, composition,
and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

25.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, shape, total length or piece count or both, and name of
supplier. The specification number shall be shown, when
specified.
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26. Test Report

26.1 When specified in the purchase order or contract, the
manufacturer or supplier shall furnish to the purchaser a
manufacturer’s test report showing the results of the required
tests.

27. Keywords

27.1 condenser; copper; copper alloy; copper nickel; evapo-
rator; heat exchanger; tube; welded

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U. S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:
Fed. Std. No. 102 Preservation, Packaging and Packing

Levels5

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)5

Fed. Std. No. 185 Identification Marking of Copper and
Copper-Base Alloy Mill Products5

S1.1.2 Military Standard:
MIL-STD-129 Marking for Shipment and Storage5

S1.1.3 Military Specification:
MIL-C-3993 Packaging of Copper and Copper-Base Alloy

Mill Products5

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements

unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade or class and shall be preserved and
packaged, Level A or C, packed, Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIX

(Nonmandatory Information)

X1. DENSITY OF COPPER AND COPPER ALLOYS

X1.1 The densities of the alloys covered by this specifica-
tion are given in Table X1.1.

5 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Densities

Copper or Copper Alloy
UNS No.

Density

lb/in.3

C10800 0.323
C12200 0.323
C19400 0.322
C23000 0.316
C44300, C44400, C44500 0.308
C68700
C70400, C70600, C71000, 0.301

C71500, C71640, C72200 0.323
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Designation: B 552 – 98 (Reapproved 2004)

Standard Specification for
Seamless and Welded Copper–Nickel Tubes for Water
Desalting Plants 1

This standard is issued under the fixed designation B 552; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification establishes requirements for seamless
and welded copper-nickel tubes from 0.625 to 1.25 in. (15.9 to
31.8 mm) in diameter for use in heat exchangers in water
desalting plants. The following alloys are involved: Copper
Alloy UNS Nos. C70600, C71500, C71640, and C72200.

1.2 The values stated in inch-pound units are the standard.
Values given in parentheses are provided for information only.

1.3 The following safety hazard caveat pertains only to the
test methods of Section 16 described in this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to its use.

2. Referenced Documents

2.1 ASTM Standards:2

B 111 Specification for Copper and Copper-Alloy Seamless
Condenser Tubes and Ferrule Stock

B 153 Test Method for Expansion (Pin Test) of Copper and
Copper-Alloy Pipe and Tubing

B 543 Specification for Welded Copper and Copper-Alloy
Heat Exchanger Tube

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast

B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials
E 62 Test Methods for Chemical Analysis of Copper and

Copper Alloys (Photometric Methods)
E 76 Test Methods for Chemical Analysis of Nickel-Copper

Alloys3

E 118 Test Methods for Chemical Analysis of Copper-
Chromium Alloys

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition

E 478 Test Methods for Chemical Analysis of Copper
Alloys

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

4. Classification

4.1 Tubes furnished to this specification are classified into
two types, as follows:

4.1.1 Seamless tube and
4.1.2 Welded tube.

5. Ordering Information

5.1 Orders for products under this specification shall include
the following information:

5.1.1 ASTM designation and year of issue,
5.1.2 Copper Alloy UNS number designation,
5.1.3 Whether seamless or welded (Section 4),
5.1.4 Temper (Section 8),
5.1.5 Dimensions: diameter and wall thickness (whether

minimum or nominal), and length (Section 12),
5.1.6 Total number of pieces of each size, and
5.1.7 How furnished, whether in straight lengths or coils.
5.2 The following options are available and, when required,

are to be specified at the time of placing of the order:
5.2.1 Whether further finish processing of welded tube is

needed (6.2.2.1),
5.2.2 Hydrostatic test (11.2),
5.2.3 Pneumatic test (11.3),
5.2.4 Certification (Section 20), and
5.2.5 Mill test report (Section 21).

6. Materials and Manufacture

6.1 Material:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1971. Last previous edition approved in 1998 as B 552 – 98e1.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Withdrawn.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



6.1.1 The material of manufacture shall be cast billets of
Copper Alloys UNS Nos. C70600, C71500, C71640, and
C72200 as specified in the ordering information, and shall be
of such quality and soundness as to be suitable for processing
into finished lengths or coils of tube to meet the properties
prescribed herein.

6.2 Manufacture:
6.2.1 Seamless Tube—The product shall be manufactured

by such hot extrusion or piercing, and subsequent cold working
and annealing as to produce a uniform, seamless wrought
structure in the finished product.

6.2.2 Welded Tube—The product shall be manufactured
from cold rolled strip which is subsequently formed and
welded by an automatic welding process.

6.2.2.1 As-welded tubes are permitted to have further pro-
cessing when agreement is established between the manufac-
turer or supplier and purchaser.

6.2.3 The product shall be cold worked and annealed as
necessary to meet properties of the temper specified.

7. Chemical Composition

7.1 The product shall conform to the chemical composition
requirements specified in Table 1 for the Copper Alloy UNS
number designation specified in the ordering information.

7.2 These composition limits do not preclude the presence
of other elements. When required, limits for unnamed elements
shall be established and analysis required by agreement be-
tween the manufacture or supplier and purchaser.

7.2.1 For copper alloys in which copper is specified as the
remainder, copper may be taken as the difference between the
sum of all the elements analyzed and 100 %.

7.2.1.1 When all the elements in Table 1 are analyzed, their
sum shall be as shown in the following table:

Copper Alloy UNS No. Copper Plus Named Elements, % min

C70600 99.5
C71500 99.5
C71640 99.5
C72200 99.8

8. Temper

8.1 Tempers within this specification are as defined in
Classification B 601.

8.1.1 Seamless Tube—The product shall be furnished in
either the O61 (annealed), or the H55 (light drawn, light
cold-worked) temper, as specified in the ordering information.

8.1.2 Welded Tube—The product shall be furnished in either
the WO61 (welded and annealed) or the WC55 (welded and
light cold worked) temper as specified in the ordering infor-
mation.

8.2 Tubes shall conform to the tensile requirements shown
in Table 2.

9. Mechanical Property Requirements

9.1 Tensile Strength:
9.1.1 The product shall conform with the tensile strength

requirements prescribed in Table 2 for the temper, alloy and
type specified in the ordering information when tested in
accordance with Test Methods E 8.

10. Performance Requirements

10.1 Expansion Test Requirements:
10.1.1 Tube specimens selected for test shall withstand the

expansion shown in Table 3 at one end when tested in
accordance with Test Method B 153. The expanded tube shall
show no cracking or rupture visible to the unaided eye.

10.2 Flattening Test Requirements:
10.2.1 Tube specimens approximately 4 ft (1.22 m) long

shall be tested in the annealed condition by flattening on
different elements throughout the length. Each element shall be
flattened by one stroke of a press. The term “flattened” shall be
interpreted as follows: a micrometer set at three times the wall
thickness shall pass over the tube freely throughout the
flattened part except as the points where the change in element
of flattening takes place.

10.2.1.1 For seamless tube the flattened elements shall not
show cracking or rupture visible to the unaided eye. Superficial
ruptures resulting from surface imperfections shall not be cause
for rejection.

10.2.1.2 For seam-welded tube, the weld shall be placed in
a position of maximum bend for at least one fourth of the
flattened elements. The flattened elements shall not show
cracking or rupture visible to the unaided eye. If the tube has

TABLE 1 Chemical Requirements

Element

Composition, %

Copper Alloy UNS No.

C70600 C71500 C71640 C72200

Copper (incl silver) remainder remainder remainder remainder
Lead, max 0.05A 0.05A 0.05A 0.05A

Iron 1.0–1.8 0.40–1.0 1.7–2.3 0.5–1.0
Zinc, max 1.0A 1.0A 1.0A 1.0A

Nickel (incl cobalt) 9.0–11.0 29.0–33.0 29.0–32.0 15.0–18.0
Manganese 1.0 max 1.0 max 1.5–2.5 1.0
Chromium . . . . . . . . . 0.30–0.70
Other named elements A A A A

Copper + elements with specific
limits

. . . . . . . . . 99.5 min

A When the product is for subsequent welding applications and so specified by
the purchaser, zinc shall be 0.50 % max, lead 0.02 % max, phosphorus 0.02 %
max, sulfur 0.02 max, and carbon 0.05 % max.

TABLE 2 Tensile Requirements

Copper Alloy
UNS No.

Temper Tensile Strength,
min, ksi (MPa)Standard Former

C70600 O61 annealed 40 (275)
W061 welded and annealed 40 (275)
H55 light drawn, light cold worked 45 (310)
WC55 welded and light cold worked 45 (310)

C71500 O61 annealed 52 (360)
WO61 welded and annealed 52 (360)
H55 light drawn, light cold worked 54 (370)
WC55 welded and light cold worked 54 (370)

C71640 O61 annealed 63 (435)
WO61 welded and annealed 63 (435)
H55 light drawn, light cold worked 75 (515)
WC55 welded and light cold worked 75 (515)

C72200 O61 annealed 45 (310)
WO61 welded and annealed 45 (310)
H55 light drawn, light cold worked 50 (345)
WC55 welded and light cold worked 50 (345)
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been further processed after welding and the weld cannot be
located, the test shall be performed in accordance with 10.2.1.

10.3 Weld Quality Test Requirements:
10.3.1 Seam Welds—Conformance to the quality require-

ments of 13.3 shall be demonstrated at the welding job site by
a 180° reverse-bend test. Specimens approximately 11⁄2 in.
(38.1 mm) long containing the weld shall be sectioned along
the longitudinal axis of the tube with the seam weld centered in
one of the test sections. The sections containing the seam weld
shall be flattened in a vise or equivalent tool before bending,
and then bent 180° over a radius equal to three times the
nominal tube wall thickness. The root of the weld shall be
located on the outside surface of the knuckle of the bend. There
shall be no evidence of cracks or lack of penetration in the
weld. In cases in which the seam-welded tube is further
processed, it may be difficult or impossible to locate the weld,
and then this paragraph will not be a requirement.

11. Nondestructive Test Requirements

11.1 Electromagnetic (Eddy-Current) Test:
11.1.1 Each tube shall be subjected to an eddy-current test.

Testing shall follow the procedures of Practice E 243.
11.1.2 The provisions for the determination of “end-effect”

in Practice E 243 shall not apply.
11.1.3 When tested in accordance with Practice E 243, tubes

that do not actuate the signaling device of the testing unit shall
be considered as conforming to the requirements of the test.

11.1.4 Either notch depth or drilled hold standards shall be
used.

11.1.4.1 Notch depth standards shall be 10 % of the wall
thickness.

11.1.4.2 Drilled hole standards shall be per Table X1.2 of
Practice E 243.

11.2 Hydrostatic Test:
11.2.1 When specified in the contract or purchase order,

each tube shall stand, without showing evidence of leakage, an
internal hydrostatic pressure sufficient to produce a fiber stress
of 7000 psi (48 MPa) as determined by the following equation
for thin hollow cylinders under tension. The tube need not be

subjected to a pressure gage reading over 1000 psi (7 MPa)
unless specifically stipulated in the contract or purchase order.

P 5 2St/~D 2 0.8t! (1)

where:
P = hydrostatic pressure, psi (MPa);
t = wall thickness of the material, in. (mm);
D = outside diameter of the material, in. (mm); and
S = allowable stress of the material, psi (MPa).

11.3 Pneumatic Test:
11.3.1 When specified in the contract or purchase order,

each tube shall be subjected to a minimum internal air pressure
of 60 psig (415 kPa) for 5 s without showing evidence of
leakage.

12. Dimensions, Mass, and Permissible Variations

12.1 Diameter—Tubes to be furnished shall range in outside
diameter, as specified, from5⁄8 to 11⁄4 in. (15.9 to 31.8 mm)
inclusive. The diameter of the tubes shall not vary from that
specified by more than the following amount as measured by
“go” and “no go” gages:

Specified Diameter,
in. (mm)

Tolerance, Plus and Minus
in. (mm)

To 1 (25.4) incl 0.004 (0.10)
Over 1 to 1.250 (25.4 to 31.8) incl 0.005 (0.13)

12.1.1 When tubes are supplied in coils for straightening at
jobsite the above tolerances apply to the finished straightened
tubes.

12.2 Wall Thickness—Tubes shall be furnished as specified,
with wall thicknesses in the range of 0.035 to 0.065 in. (0.889
to 1.65 mm), inclusive.

12.2.1 The wall thickness at any point shall not be less than
that specified except when tubes are specifically ordered to a
“nominal” wall thickness. When tube is ordered to a “nominal”
wall thickness the deviation of the wall thickness from “nomi-
nal” shall not exceed610 % of the nominal wall thickness,
expressed to the nearest 0.0005 in. (0.013 mm).

12.2.2 The residual inner-bead reinforcement after removal
at seam-weld areas shall not exceed 0.006 in. (0.15 mm) in
height.

12.3 Length—The lengths of the straight tubes shall not be
less than that specified when measured at a temperature of
20°C but may exceed the specified value by the amounts given
in Table 4. For tube ordered in coils, the length may not be less
than that specified.

12.4 Squareness of Cut—The departure from squareness of
the end of any straight tube shall not exceed 0.016 in./in. (0.016
mm/mm) of diameter.

12.5 Tubes furnished in straight lengths shall be reasonably
straight when inspected at the mill. The maximum curvature

TABLE 3 Expansion Test Requirements

Copper Alloy
UNS No.

Temper Expansion of
Tube Outside

Diameter, % of
Original Outside

Diameter
Standard Former

C70600 O61 annealed 30
W061 welded and annealed 30
H55 light drawn, light cold worked 15
WC55 welded and light cold worked 15

C71500 O61 annealed 30
WO61 welded and annealed 30
H55 light drawn, light cold worked 15
WC55 welded and light cold worked 15

C71640 O61 annealed 30
WO61 welded and annealed 30
H55 light drawn, light cold worked 15
WC55 welded and light cold worked 15

C72200 O61 annealed 30
WO61 welded and annealed 30
H55 light drawn, light cold worked 15
WC55 welded and light cold worked 15

TABLE 4 Length Tolerance

Specified Length Tolerance, All Plus

ft (m) in. (mm)

Up to 15 (4.9) incl 3⁄32 (2.4)
Over 15 to 20, incl (4.9–6.6) incl 1⁄8 (3.2)
Over 20 to 30, incl (6.6–9.8) incl 5⁄32 (4.0)
Over 30 to 60, incl (9.9–19.7) incl 3⁄8 (9.5)
Over 60 to 100, incl (19.7–32.8) incl 1⁄2 (12.7)
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(depth of arc in inches) shall not exceed1⁄4 in. (6.35 mm) in any
3-ft (0.914-m) length, except for the 3 ft (0.914 m) at the ends
of individual tubes, where departure from straightness shall not
exceed1⁄2 in. (13 mm).

13. Workmanship, Finish and Appearance

13.1 The product shall be clean and free from defects, but
blemishes of a nature that do not interfere with the intended
application are acceptable. Annealed temper tubes may have a
dull iridescent film on both the inside and outside surface, and
drawn temper tubes may have a superficial film of drawing
lubricant on the surfaces.

13.2 Minor dents having a rounded contour that does not
exceed 0.030 in. (0.76 mm) in depth and permit passage of the
tube at the dented point in a “go” gage are acceptable. Ends
shall be smooth and free of burrs.

13.3 Welded Tube—The weld seam shall show complete
fusion and penetration with no undercutting. The bead rein-
forcements that remain on the outside and inside of the tube
after welding shall be removed by cutting. After removal, the
weld shall show no sign of any crevice, crack, or porosity upon
visual inspection.

14. Sampling

14.1 The lot size, portion size, and sample size of the
finished product shall be as follows:

14.1.1 Lot Size—An inspection lot shall be 300 tubes or
30 000 lbs (13 600 kg) or fraction thereof, subject to inspection
at one time, whichever is the greater weight.

14.1.2 Portion Size—Portion size shall be sample pieces
from two individual lengths of each lot.

14.2 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
millings, and so forth shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 14.1.2 and combined into one composite sample. The
minimum weight of the composite sample that is to be divided
into three equal parts shall be 150 g.

14.2.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semifinished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

14.2.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

14.2.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 lbs
(4550 kg) or fraction thereof, except that not more than one
sample shall be required per piece.

14.2.1.3 Because of the discontinuous nature of the process-
ing of castings into wrought products, it is not practical to
identify specific casting analysis with a specific quantity of
finished material.

14.2.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

14.3 Spectrographic Analysis—Samples for spectrographic
analysis shall be taken from a 3-in. (76.2-mm) long section of
tube selected in accordance with 14.1.2.

15. Specimen Preparation

15.1 Chemical Analysis:
15.1.1 Sample preparation shall be in accordance with

Practice E 255.
15.1.2 Analytical specimen preparation shall be the respon-

sibility of the reporting laboratory.

16. Test Methods

16.1 Chemical Analysis:
16.1.1 Composition shall be determined, in case of dis-

agreement, as follows:
Element Test Method

Carbon E 76
Chromium E 118
Copper E 478
Iron E 478
Lead E 478; atomic absorption
Manganese E 62
Nickel E 478; photometric
Phosphorus E 62
Sulfur E 76
Zinc E 478; titrimetric

16.1.2 Test methods for the determination of element(s)
required by contractual or purchase order agreement shall be as
agreed upon by the manufacturer and the purchaser.

16.2 Other Tests:
16.2.1 Tensile Strengthshall be determined in accordance

with Test Methods E 8.
16.2.1.1 Whenever test results are obtained from both full-

size and machined specimens and they differ, the test results
from the full-size specimens shall prevail.

16.2.2 Electromagnetic (Eddy-Current) Test—Testing shall
follow the procedures in Practice E 243 except for the deter-
mination of “end-effect.”

16.2.2.1 Notch-depth standards shall be rounded to the
nearest 0.001 in. (0.025 mm). The notch depth tolerance shall
be 60.0005 in. (0.013 mm).

16.2.2.2 Drilled hole standards shall be rounded to the
nearest 0.001 in. (0.025 mm). The drilled hole tolerance shall
be 60.0005 in. (0.013 mm).

16.2.2.3 Alternatively, at the option of the manufacturer,
using speed-insensitive eddy current units that are equipped so
that a fraction of the maximum imbalance signal can be
selected, a maximum imbalance signal of 0.3 % shall be used.

16.2.2.4 Tubes that do not activate the signaling device of
the eddy current tester shall be considered as conforming to the
requirements of this test. Tubes with discontinuities indicated
by the testing unit are permitted, at the option of the manufac-
turer, to be reexamined or retested to determine whether the
discontinuity is cause for rejection. Signals that are found to
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have been caused by minor mechanical damage, soil, or
moisture, shall not be cause for rejection of the tubes provided
the tube dimensions are still within prescribed limits, and the
tube is suitable for its intended application.

16.2.3 Hydrostatic Test—The test method used shall permit
easy visual detection of any leakage or by pressure differential.
Any evidence of leakage shall be cause for rejection.

16.2.4 Pneumatic Test—The test method used shall permit
easy visual detection of any leakage or by pressure differential.
Any evidence of leakage shall be cause for rejection.

17. Number of Tests and Retests

17.1 Tests:
17.1.1 Chemical Analysis—Chemical composition shall be

determined as the per element mean of results from at least two
replicate analyses of the sample(s) and the results of each
replication must meet the requirements of this specification.

17.1.2 Other Tests—The results of each specimen tested
must meet the requirements of this specification.

17.2 Retests:
17.2.1 When requested by the manufacturer or supplier, a

retest shall be permitted when test results obtained by the
purchaser fail to conform to product specification require-
ment(s).

17.2.2 Retesting shall be conducted using twice the number
of tests specimens normally required for test. Test results for
specimens shall conform to the product specification require-
ment(s) in retest and failure to conform to the requirements
shall be cause for rejection of the entire lot.

18. Inspection

18.1 The manufacturer, or supplier, shall inspect and make
tests necessary to verify the product furnished conforms to
specification requirements.

18.2 Source inspection of the product by the purchaser may
be agreed upon between the manufacturer, or supplier, and the
purchaser as part of the purchase order. In such case, the nature
of the facilities needed to satisfy the inspector representing the
purchaser that the product is being furnished in accordance
with the specification shall be included in the agreement. All
tests and the inspection shall be conducted so as not to interfere
unnecessarily with the operation of the works.

18.3 The manufacturer, or supplier, and the purchaser may
conduct the final inspection simultaneously by mutual agree-
ment.

19. Rejection and Rehearing

19.1 Rejection:
19.1.1 Product that fails to conform to the requirements of

this specification when tested by the purchaser or purchaser’s
agent, shall be subject to rejection.

19.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly, and in writing.

19.1.3 In case of dissatisfaction with results of the test upon
which rejection is based, the manufacturer, or supplier, may
make claim for a rehearing.

19.2 Rehearing:
19.2.1 As a result of product rejection, the manufacturer, or

supplier, is permitted to make claim for a retest to be conducted
by the manufacturer, or supplier, and the purchaser. Samples of
the rejected product shall be taken in accordance with the
product specification and subjected to test by both parties using
the test method(s) specified in the product specification, or,
alternately, upon agreement of both parties, an independent
laboratory may be selected for the test(s) using the test
method(s) specified in the product specification.

20. Certification

20.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and requirements have been met.

21. Test Report

21.1 When specified in the contract or purchase order, a
report of test results shall be furnished.

22. Packaging and Package Marking

22.1 The material shall be separated by size, composition,
and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

22.2 Each shipping unit shall be legibly marked with the
purchase order number, alloy designation, temper, size, shape,
total length or piece count or both, and name of supplier. The
specification number shall be shown, when specified.

23. Keywords

23.1 copper-nickel; desalting; heat exchangers; seamless
tube; tube; water desalting; welded tube
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of 1 kg
gives it an acceleration of 1 m/s2 (N = kg·m/s2). The derived

SI unit for pressure or stress is the newton per square metre
(N/m2), which has been named the pascal (Pa) by the General
Conference Weights and Measures. Since 1 ksi = 6 894 757 Pa,
metric equivalents are expressed as megapascal (MPa), which
is the same as MN/m2 and N/mm2.

SUMMARY OF CHANGES

This section identifies the changes that have been incorporated since the printing of B 552–92 as follows:

(1) A five-year review was conducted. Editorial revisions to
most sections were made to incorporate current form and style
practice.
(2) A greatly expanded and updated section on nondestructive
testing was added.

(3) Tensile strength requirements for Copper Alloys UNS Nos.
C70600 and C71500 were changed to match those of analo-
gous tempers in Specifications B 111 and B 543.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 569 – 04

Standard Specification for
Brass Strip in Narrow Widths and Light Gage for Heat-
Exchanger Tubing 1

This standard is issued under the fixed designation B 569; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification establishes the requirements for brass
strip in narrow widths and light gages produced from Copper
Alloys Nos. C23000, C26000, and C26130.

NOTE 1—This product is commonly used for the manufacture of
thin-wall tubes for water passages in heat exchangers for internal
combustion engines and other closed system heat sources.

1.2 Units—The values stated in inch-pound units are to be
regarded as standard, except for grain size, which is stated in SI
units. The values given in parentheses are mathematical
conversions to SI units, which are provided for information
only and are not considered standard.

2. Referenced Documents

2.1 ASTM Standards:2

B 248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast

B 846 Terminology for Copper and Copper Alloys
E 3 Practice for Preparation of Metallographic Specimens
E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance With Specifications
E 112 Test Methods for Determining Average Grain Size
E 478 Test Methods for Chemical Analysis of Copper

Alloys

3. Terminology

3.1 Definitions—For definitions of terms used in this speci-
fication, refer to Terminology B 846.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 capable of—the test need not be performed by the

producer of the material. However, if subsequent testing by the
purchaser establishes that the material does not meet these
requirements, the material shall be subject to rejection.

4. Ordering Information

4.1 Include the following information when placing orders
for products to this specification:

4.1.1 ASTM designation and year of issue (for example,
B 569–XX),

4.1.2 Copper Alloy UNS No. designation (for example,
C26000),

4.1.3 Temper (Section 7),
4.1.4 Dimensions: thickness, width, length (Section 10), and
4.1.5 Quantity: total weight each form, temper, and size.
4.2 The following options are available and should be

specified at the time of placing an order when required:
4.2.1 Heat identification or traceability details,
4.2.2 Certification, and
4.2.3 Mill test report.

5. Materials and Manufacture

5.1 Material:
5.1.1 The material of manufacture shall be cast bar, cake, or

slab of Copper Alloy UNS No. C23000, C26000, or C26130 of
such purity and soundness as to be suitable for processing into
the products prescribed herein.

5.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 2—Because of the discontinuous nature of the processing of
castings into wrought products, it is not always practical to identify a
specific casting analysis with a specific quantity of finished material.

5.2 Manufacture:
5.2.1 The product width shall be no greater than 3 in. (76.2

mm), and thickness shall be less than 0.0181 in. (0.457 mm).
5.2.2 The product shall be manufactured by such hot-

working, cold-working, and annealing processes as to produce
a uniform wrought structure in the finished product.

5.2.2.1 The product shall be hot- or cold-worked to the
finished size, and subsequently annealed, when required, to
meet the temper properties specified.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1972. Last previous edition approved in 1998 as B 569 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



5.2.3 Edges—Slit edges shall be furnished.

6. Chemical Composition

6.1 The material shall conform to the chemical composi-
tional requirements in Table 1 for Copper Alloy UNS No.
designation specified in the ordering information.

6.1.1 These composition limits do not preclude the presence
of other elements. Limits shall be established and analysis
required for unnamed elements when agreed upon between the
manufacturer and the purchaser.

6.2 For alloys in which zinc is listed as “remainder,” zinc is
the difference between the sum results of all elements deter-
mined and 100 %.

6.3 When all elements listed in Table 1 are determined for
C26000 and C26130 the sum of results shall be 99.7 % min and
for C23000 the sum of results shall be 99.8 % min.

7. Temper

7.1 Products shall be produced in tempers H01 (1⁄4 hard),
H02 (1⁄2 hard), O81 (Annealed-to-Temper—1⁄4 hard), and O82
(Annealed-to-Temper—1⁄2 hard) as defined in Classification
B 601.

NOTE 3—The purchaser should confer with the manufacturer or sup-
plier for the availability of product in a specific temper.

8. Grain Size of Annealed Tempers

8.1 Annealed-to-Temper (O81 and O82) strip shall have an
average grain size of 0.015 mm maximum as determined by
Test Methods E 112.

9. Mechanical Property Requirement

9.1 Tensile Strength Requirement—The product furnished
shall conform to the requirements prescribed in Tables 2 and 3
for the temper specified in the ordering information when
tested in accordance with Test Methods E 8.

9.2 Yield Strength Requirement—The product furnished
shall be capable of conforming to the requirements prescribed
in Tables 2 and 3 for the temper specified in the ordering
information when tested in accordance with Test Methods E 8.

9.3 Elongation Test Requirement—The product furnished
shall conform to the requirements prescribed in Tables 2 and 3
for the temper specified in the ordering information when
tested in accordance with Test Methods E 8.

10. Dimensions, Mass, and Permissible Variations

10.1 Unless closer tolerances are specified in the contract or
purchase order, the product furnished shall conform to the
following thickness and width tolerances:

10.1.1 Thickness Tolerances—Table 4.
10.1.2 Width Tolerances—Table 5.

10.2 Straightness Tolerances—The maximum edgewise
curvature (depth of arc) in any 72-in. (1830-mm) continuous
length shall not exceed1⁄8 in. (3.18 mm).

11. Workmanship, Finish and Appearance

11.1 The strip shall be free of defects, but blemishes of a
nature that do not interfere with normal commercial operations
are acceptable. It shall be well-cleaned and free of dirt. A
superficial film of residual light lubricant may be present and is
acceptable unless otherwise specified.

11.2 The surface finish and appearance shall be the normal
commercial quality for the alloy, thickness, and temper or-
dered. When application information is provided with the
purchase order, the surface shall be that commercially produc-
ible for the application. Superficial films of discoloration, or
lubricants, or tarnish inhibitors are permissible unless other-
wise specified.

12. Sampling

12.1 Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:

12.1.1 Lot Size—An inspection lot shall be 10 000 lb (4550
kg) or less of material of the same mill form, alloy, temper, and
nominal dimensions, subject to inspection at one time or shall
be the product of one cast bar from a single melt charge, whose
weight shall not exceed 25 000 lb (11 350 kg), that has been
processed continuously and subject to inspection at one time.

12.1.2 Portion Size—A portion shall be four or more pieces
selected to be representative of each lot. If the lot consists of
less than four pieces, representative samples shall be taken
from each piece.

12.1.2.1 Chemical Analysis—The sample for chemical
analysis shall be taken in accordance with Practice E 255 for
product in its final form. Unless otherwise required by the
purchaser, at the time the order is placed the manufacturer shall
have the option of determining conformance to chemical
composition by analyzing samples taken at the time the
castings are poured or samples taken from the semifinished
product if heat identity can be maintained throughout all
operations. If the manufacturer determines the chemical com-
position during manufacture, he shall not be required to sample
and analyze the finished product. The minimum weight of the
composite sample in accordance with Practice E 255 shall be
150 g.

12.1.2.2Samples for All Other Tests—Samples for all other
tests shall be taken from the sample portion in 12.1.2 and be of
a convenient size to accommodate the test and comply with the
requirements of the appropriate ASTM product standards and
test methods.

13. Number of Tests and Retests

13.1 Tests:
13.1.1 Chemical Composition—Composition shall be deter-

mined as per the element mean of results from at least two
replicate analyses of the sample and the results of each
replication must meet the requirements of the product specifi-
cation.

13.1.2 Other Tests:

TABLE 1 Chemical Requirements

Copper
Alloy UNS

No.

Composition, %

Copper
Lead,
max

Iron,
max

Arsenic Zinc

C23000 84.0–86.0A 0.05 0.05 . . . Remainder
C26000 68.5–71.5B 0.07 0.05 . . . Remainder
C26130 68.5–71.5B 0.05 0.05 0.02–0.08 Remainder
A Cu + Sum of Named Elements = 99.8 %.
B Cu + Sum of Named Elements = 99.7 %.
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13.1.2.1Grain Size—The average grain size of two speci-
mens shall be the arithmetic average of at least three determi-
nations, each in a different field and the test results for each
specimen shall be reported.

13.1.2.2Tensile Strength and Elongation, shall be reported
from specimens prepared from each of two pieces selected in
12.1.2 and each specimen must meet the requirements of the
product specification.

13.2 Retests:
13.2.1 When requested by the manufacturer or supplier, a

retest shall be permitted when results of tests obtained by the
purchaser or supplier fail to conform to the requirements of the
product specification.

13.2.2 The retest shall be as directed in the product speci-
fication for the initial test except that the number of test
specimens shall be twice that normally required for the
specified test.

13.2.3 Test results for all specimens shall conform to the
product specification requirements in retest. Failure to conform
shall be cause for rejection.

14. Specimen Preparation

14.1 Chemical Analysis—The analytical specimen prepara-
tion shall be the responsibility of the reporting laboratory.

14.2 Grain Size—The test specimen shall be prepared in
accordance with Practice E 3.

14.3 Tensile Test—The test specimen shall conform to the
requirements prescribed for the specific product described in
the Test Specimen section of Test Methods E 8. The test
specimen shall be taken so that the longitudinal axis is parallel
to the direction of rolling.

15. Test Methods

15.1 Chemical Analysis:
15.1.1 Composition shall be determined, in case of dis-

agreement, as follows:
Element Test Method

Copper E 478
Iron E 478
Lead E 478 (AA)
Zinc E 478 (Titrimetric)

15.1.2 Test method(s) used for the determination of ele-
ment(s) required by contractual or purchase order agreement
shall be as agreed upon between the manufacturer and the
purchaser.

15.2 Other Tests:
15.2.1 The product furnished shall conform to all other

requirements when subjected to test in accordance with the
following table:

Test Test Method

Grain Size E 112
Tensile Strength E 8

15.2.1.1 Grain Size—In case of dispute, the intercept
method of Test Methods E 112 shall be followed.

15.2.1.2 Yield strength shall be determined by the
extension-under-load method of Test Methods E 8. When test
results are obtained from both full size and machined speci-
mens and they differ, the test results from the machined
specimens shall prevail.

TABLE 2 Tensile Strength Requirements and Tension Test Values for Rolled-to-Temper Material

Copper Alloy
UNS No.

Tensile Strength, ksi (MPaA) Yield Strength, ksi (MPaA) % Elongation

Temper Designation
At 0.5 %

Extension Under Load
At 0.2 % Offset

In 2 in.
(50 mm)

Standard Former Minimum Maximum Minimum Maximum Minimum Maximum Minimum
C23000 H01 1⁄4 Hard 44 (305) 54 (370) 25 (170) 48 (330) 23 (160) 48 (330) 18
C26000 and C26130 H01 1⁄4 Hard 49 (340) 59 (405) 33 (230) 48 (330) 30 (205) 45 (205) 12
C26000 and C26130 H02 1⁄2 Hard 58 (400) 68 (470) 43 (295) 58 (400) 40 (275) 55 (380) 10

A See Appendix X1.

TABLE 3 Tensile Strength Requirements and Tension Test Values for Annealed-to-Temper Material

Copper Alloy
UNS No.

Tensile Strength, ksi (MPaA) Yield Strength, ksi (MPaA) % Elongation
Standard
Temper

Designation

At 0.5 %
Extension Under Load

At 0.2 % Offset
In 2 in.
(50 mm)

Minimum Maximum Minimum Maximum Minimum Maximum Minimum
C23000 O81 42 (210) 52 (360) 21 (145) 36 (250) 20 (140) 35 (240) 34
C26000 and C26130 O82 60 (415) 70 (485) 35 (240) 50 (345) 34 (235) 49 (340) 25

A See Appendix X1.

TABLE 4 Thickness Tolerances

Thickness, in. (mm)
Thickness Tolerance, 6in. (mm),A,B

3 in. (7.62 mm) and Under in Width

0.006 (0.01) and under 0.0003 (0.008)
Over 0.0006 to 0.009 (0.152 to 0.229) 0.0004 (0.010)
Over 0.009 to 0.018 (0.229 to 0.330) 0.0005 (0.013)

A When tolerances are specified as all plus or minus, double the values shown.
B Some applications may require a closer tolerance control within any one coil

even though the overall tolerance between coils or shipments can be to the
tolerance shown. Such special tolerance requirements shall be negotiated be-
tween the manufacturer or supplier and the purchaser at the time the order is
placed.

TABLE 5 Width Tolerances for Slit Metal

Width, in. (mm)
Width Tolerances, 6in. (mm),A,B

for Thicknesses 0.018 in. (0.330
mm) and Under

1.750 (44.45) and under 0.003 (0.08)
Over 1.750 to 3 (44.5 to 76.2) 0.005 (0.13)
A When tolerances are specified as all plus or minus, double the values shown.
B Some applications may require a closer tolerance control within any one coil

even though the overall tolerance between coils or shipments can be to the
tolerance shown. Such special tolerance requirements shall be negotiated be-
tween the manufacturer or supplier and the purchaser at the time the order is
placed.
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16. Significance of Numerical Limits

16.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property
Rounded Unit for Observed or

Calculated Value

Chemical composition Nearest unit in the last right-hand significant digit

used in expressing the limiting value
Tensile strength nearest ksi (nearest 5 MPa)
Yield strength nearest ksi (nearest 5 MPa)
Elongation nearest 1 %
Grain size nearest multiple of 0.005 mm

17. Inspection

17.1 The manufacturer or supplier shall inspect and make
tests necessary to verify that the product furnished conforms to
the requirements specified.

17.2 Source inspection of the material by the purchaser may
be agreed upon between the manufacturer or supplier and the
purchaser as part of the purchase contrast. In this case, the
nature of the facilities needed to satisfy the inspector repre-
senting the purchaser that the product is being furnished in
accordance with this specification shall be included in the
agreement. All test and the inspection shall be conducted so as
not to interfere unnecessarily with the operation of the works.

17.3 The manufacturer or supplier and the purchaser, by
mutual agreement, may accomplish the final inspection simul-
taneously.

18. Rejection and Rehearing

18.1 Rejection
18.1.1 Product that fails to conform to the specification

requirements when tested by the purchaser, or purchaser’s
agent, may be rejected.

18.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly and in writing.

18.1.3 In case of dissatisfaction with results of the test upon
which rejection was based, the manufacturer, or supplier, may
make claim for a rehearing.

18.2 Rehearing
18.2.1 As a result of product rejection, the manufacturer or

supplier may make claim for a retest to be conducted by the
manufacturer, or supplier, and the purchaser.

18.2.2 Samples of the rejected product shall be taken in
accordance with the product specification and tested by both
parties using the test method(s) specified in the product
specification, or, alternately, upon agreement of both parties, an
independent laboratory may be selected for the test(s) using the
test method(s) specified in the product specification.

19. Certification
19.1 When specified in the purchase order or contract, the

purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met.

20. Test Report
20.1 When specified in the contract or purchase order, a

report of the test results shall be furnished.

21. Packaging and Package Marking
21.1 Packaging—The product shall be separated by size,

composition, and temper and prepared for shipment in such a
manner as to ensure acceptance by a common carrier for
transportation and to afford protection from the normal hazards
of transportation.

21.2 Package Marking—Each shipping unit shall be legibly
marked with the purchase order number, metal or alloy
designation, temper, size, shape, gross and net weight, and
name of supplier. The specification number shall be shown,
when specified.

22. Keywords
22.1 brass strip; heat exchanger tubing; internal combustion

engine; strip in light gage; strip in narrow width; UNS No.
C23000; UNS No. C26000; UNS No. C26130

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which, when applied to a body having a mass of 1 kg,
gives it an acceleration of 1 m/s2 (N = kg·m/s2). The derived SI

unit for pressure or stress is the newton per square metre
(N/m2), which has been named the pascal (Pa) by the General
Conference on Weights and Measures. Since 1 ksi = 6 894 757
Pa, the metric equivalents are expressed as megapascal (MPa),
which is the same as MN/m2 and M/mm2.
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 569 – 98)
that may impact the use of this standard. (Approved May 1, 2004.)

(1) This specification was revised to comply with the selected
wording of the B05Outline of Form.
(2) The term “edges” was added to Section 5, Manufacture.

(3) Section 21 has been revised to list both Packaging and
Package Marking with subsection titles.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 570 – 01

Standard Specification for
Copper-Beryllium Alloy (UNS No. C17000 and C17200)
Forgings and Extrusions 1

This standard is issued under the fixed designation B 570; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification establishes the requirements for
copper-beryllium alloy forgings and extrusions produced from
the following alloys.

Copper Alloy UNS No.
Nominal % Composition

Beryllium

C17000
C17200

1.7
1.9

NOTE 1—Requirements for copper-beryllium alloy rod and bar appear
in Specification B 196/B 196M (Section 2).

1.2 Unless otherwise specified, Copper Alloy UNS No.
C17200 shall be the alloy furnished whenever Specification
B 570 is specified without any alloy designation.

1.3 Units—The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units, which are for informa-
tion only and are not considered standard.

1.4 The following hazard statement pertains only to the test
method portions of the specification:

1.4.1 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 194 Specification for Copper-Beryllium Alloy Plate,

Sheet, Strip, and Rolled Bar2

B 196/B 196M Specification for Copper-Beryllium Alloy
Rod and Bar2

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes and
Forgings2

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 112 Test Methods for Determining Average Grain Size3

3. General Requirements

3.1 The following sections of Specification B 249/B 249M
form a part of this specification.

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Sampling,
3.1.4 Number of Tests and Retests,
3.1.5 Sample Preparation,
3.1.6 Test Methods,
3.1.7 Significance of Numerical Limits,
3.1.8 Inspection,
3.1.9 Rejection and Rehearing,
3.1.10 Certification,
3.1.11 Mill Test Report,
3.1.12 Packaging, Marking, Shipping and Preservation.
3.2 In addition, when a section with a title identical to that

referenced in 3.1, appears in this specification, it contains
additional requirements that supplement those appearing in
Specification B 249/B 249M.

4. Terminology

4.1 Definitions:
4.1.1 For definitions of terms related to copper and copper

alloys, refer to Terminology B 846.
4.1.2 extrusion, n—a uniform metal shape, long in relation

to its cross-sectional dimensions, produced by forcing a suit-
ably preheated billet or preformed piece through an orifice
(die) of the desired cross section.

4.1.3 forging, n—a metal part worked to a predetermined
shape by one or more such processes as hammering, upsetting,
pressing, rolling, and so forth.

5. Ordering Information

5.1 Include the following information in orders for prod-
ucts:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved Oct. 10, 2001. Published January 2002. Originally
published as B 570 – 72. Last previous edition B 570 – 96.

2 Annual Book of ASTM Standards, Vol 02.01. 3 Annual Book of ASTM Standards, Vol 03.01.

1

*A Summary of Changes section appears at the end of this standard.
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5.1.1 ASTM designation and year of issue,
5.1.2 Quantity: number of pieces or pounds,
5.1.3 Copper Alloy UNS No. (Section 1),
5.1.4 Temper (Section 8) or condition (Section 12),
5.1.5 Drawing showing the shape, dimensions, and toler-

ances, if required,
5.1.6 If an extrusion: the length (or mass) required, straight-

ness as required,
5.2 The following are options and should be included in the

contract or purchase order, when required:
5.2.1 Tension tests (Section 11),
5.2.2 Special tests such as grain size,
5.2.3 Finish (see Section 15),
5.2.4 Grain size (see Section 9), and
5.2.5 When material is ordered for agencies of the U.S.

government.

6. Material and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be cast or wrought

billet of C17000 or C17200 of such purity and soundness as to
be suitable for processing into the products prescribed herein.

6.1.2 The product heat number shall appear on the Certifi-
cation or Test Report.

6.2 Manufacture:
6.2.1 The product shall be manufactured by hot working

and heat treating as may be necessary to meet the properties
specified herein.

7. Chemical Composition

7.1 The product composition shall conform to the chemical
requirements shown in Table 1.

7.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

7.3 Copper, given as remainder, is the difference between
the sum of all elements analyzed and 100 %. When all the
elements given in Table 1 are analyzed, the sum of the results
shall be 99.5 % minimum.

8. Temper

8.1 The standard temper designations available under this
specification and as prescribed in Classification B 601 are
solution heat-treated TB00 (A) and precipitation heat-treated
TF00 (AT).

9. Grain Size

9.1 The grain size, if required, shall be as agreed upon
between the purchaser and the manufacturer and shall be
determined in accordance with Test Methods E 112.

10. Physical Property Requirements

10.1 Microstructure:
10.1.1 The product in the TF00 (precipitation-hardened

(AT)) condition shall have a microstructure with a minimum of
second phase (beta) constituents. When present, beta shall be
fine and well dispersed.

11. Mechanical Property Requirements

11.1 Hardness:
11.1.1 The product furnished under this specification shall

conform to the hardness requirements prescribed in Table 2 for
the solution heat-treated condition and Table 3 after precipita-
tion heat treatment, unless tensile properties are required by the
purchase order. Rockwell hardness shall be determined in
accordance with Test Method E 18.

11.2 Tensile:
11.2.1 When specified in the contract or purchase order, the

tensile properties of the product furnished shall conform to the
properties in Table 2 or Table 3 depending upon temper
required. Tensile properties shall be determined in accordance
with Test Methods E 8.

12. Heat Treatment

12.1 Solution Heat Treatment—Temper TB00 (A)—The
product shall be heated to a uniform temperature, nominally
1450°F (788°C) and quenched commensurate with the required
property and structural integrity of the configuration.

12.2 Precipitation Heat Treatment—Temper TF00 (AT)—
The product shall be heat treated to a uniform temperature in
the range from 600 to 700°F (316 to 370°C) for a minimum of
2 to 3 h and then air cooled. This is the heat treatment for the
acceptance tests shown in Table 3.

12.3 Special combinations of properties may be obtained by
special precipitation heat treatments. The requirements for
these special heat treatments shall be agreed upon by the
manufacturer or supplier and purchaser.

13. Purchases for the U.S. Government

13.1 When specified in the contract or purchase order,
product purchased for agencies of the U.S. government shall
conform to the special government regulations specified in the
Supplemental Requirements section.

14. Dimensions and Permissible Variations

14.1 The dimensions and tolerances for these product forms
shall be those shown on the drawing that forms a part of each
order or as agreed upon between the manufacturer and the
purchaser.

15. Workmanship, Finish, and Appearance

15.1 The product shall be free of defects; however, blem-
ishes that do not interfere with the intended application are
acceptable.

TABLE 1 Chemical Requirements

Composition, %

Element
Copper Alloy

UNS No.
C17000

Copper Alloy
UNS No.
C17200

Beryllium 1.60–1.79 1.80–2.00
Additive elements:

Nickel + cobalt, min 0.20 0.20
Nickel + cobalt + iron, max 0.6 0.6

Aluminum, max 0.20 0.20
Silicon, max 0.20 0.20
Copper remainder remainder
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15.2 The purchaser shall specify in the order the condition
or finish required, such as, hot-worked, hot-worked and
cleaned by blasting, pickling, or machining.

16. Test Methods

16.1 Chemical Composition:
16.2 The chemical composition shall, in case of disagree-

ment, be determined in accordance with the applicable method
in Annex A1 of Specification B 194.

16.3 Test method(s) for the determination of element(s)

required by contractual agreement shall be as agreed upon
between the manufacturer and the purchaser.

17. Keywords

17.1 copper beryllium; extrusions; forgings; UNS C17000;
UNS C17200

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 ASTM Standard:
B 900 Practice for Packaging of Copper and Copper-Alloy

Mill-Products for U.S. Government Agencies4

S1.1.2 Federal Standards:5

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.3 Military Standards:5

MIL-STD-105 Sampling Procedures and Tables for Inspec-
tion by Attributes

MIL-STD-129 Marking for Shipment and Storage

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements,
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth, when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

4 Annual Book of ASTM Standards, Vol 02.01.
5 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

TABLE 2 Mechanical Properties as Solution Heat Treated

Temper Designation
Diameter or

Thickness, in.
(mm)

Copper Alloy UNS No.
C17000 C17200 C17000 C17200

Standard Former Tensile Strength, ksi (MPa)A,B, max Rockwell Hardness, max
B Scale

TB00 solution heat-treated (A) all sizes 85 (590) 85 (590) 85 85
Aksi = 1000 psi.
BSee Appendix X1.

TABLE 3 Mechanical Properties After Precipitation Heat Treatment

Temper Designation

Standard Former
Tensile Strength,

ksiA (MPa)B,C
Yield Strength, ksi

(MPa), 0.2 % Offset, min
Elongation in 2 in.
(50 mm), min, %

Rockwell
Hardness, min

C Scale

Copper Alloy UNS No. C17000
TF00 precipitation hardened (AT) 150–190 (1030–1310) 120 (820) 3 32–

Copper Alloy UNS No. C17200
TF00 precipitation hardened (AT) 165–200 (1140–1380) 130 (890) 3 36–

Aksi = 1000 psi.
BSee Appendix X1.
CThe upper limits in the tensile strength column are for design guidance only.
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by size, composition, grade or class, and shall be preserved and
packaged, Level A or C, packed Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of Practice B 900.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of 1 kg
gives it an acceleration of 1 m/s2 (N = kg·m/s2). The derived SI

unit for pressure or stress is the newton per square metre
(N/m2), which has been named the pascal (Pa) by the General
Conference on Weights and Measures. Since 1 ksi = 6 894 757
Pa, the metric equivalents are expressed as megapascal (MPa),
which is the same as MN/m2 and N/mm2.

SUMMARY OF CHANGES

This section identifies principle changes to this specification since the 1996 issue as follows:

(1) Document was revised to meet the requirements ofForm
and Style for ASTM Standardsand the Committee B05Outline
of Form of Specifications(OFS).

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 577 – 93 (Reapproved 2004)

Standard Test Methods for
Detection of Cuprous Oxide (Hydrogen Embrittlement
Susceptibility) in Copper 1

This standard is issued under the fixed designation B 577; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 These test methods describe procedures for determining
the presence of cuprous oxide (Cu2O) in products made from
deoxidized and oxygen-free copper.

1.2 Inch-pound units are the standard. SI values given in
parentheses are for information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.4 The test methods appear in the following order:
Sections

Microscopical Examination without Thermal Treatment 9-11
Microscopical Examination after Thermal Treatment 12-14
Closed Bend Test after Thermal Treatment 15-17
Reverse Bend Test after Thermal Treatment 18-20

2. Referenced Documents

2.1 ASTM Standards:2

E 3 Practice for Preparation of Metallographic Specimens
E 883 Guide for Reflected-Light Photomicrography

3. Terminology

3.1 Definitions:
3.1.1 deoxidized copper—material produced substantially

free of cuprous oxide, by the use of metallic or metalloidal
deoxidizers, as determined by metallographic examination at
753 under polarized light.

3.1.1.1 Oxygen may be present as residual deoxidation
products.

3.1.2 embrittlement—the reduction of the normal ductility
in a metal as a result of a physical or chemical change.

3.1.2.1 Embrittlement, as it relates to these test methods, is
the loss of ductility caused by the reaction of cuprous oxide in
the copper material when exposed at elevated temperatures to
a reducing atmosphere.

3.1.3 oxygen-free copper—electrolytic copper produced
substantially free of cuprous oxide without the use of metallic
or metalloidal deoxidizers as determined by metallographic
examination at 753 under polarized light,

3.1.3.1 Oxygen may be present up to a maximum of 5 ppm
in Copper UNS No. C10100 and 10 ppm in Copper UNS No.
C10200.

4. Summary of Test Methods

4.1 The presence of cuprous oxide is determined either by
microscopical examination under polarized light or by methods
that involve heating the test specimens in a hydrogen-rich
atmosphere and rapidly cooling the specimens without undue
exposure to air followed by a microscopical examination or a
suitable bend test.

5. Significance and Use

5.1 These test methods determine whether copper products
will be resistant to embrittlement when exposed to elevated
temperatures in a reducing atmosphere.

5.1.1 It is assumed that all who use these test methods will
be trained personnel capable of performing these procedures
skillfully and safely. It is expected that work will be performed
in a properly equipped facility.

6. Apparatus

6.1 Test Method A—Metallographic equipment of the type
described in Practice E 3 and Guide E 883 suitably equipped
with a polarized light illuminating device.

6.2 Test Methods B, C, and D:
6.2.1 Metallographic equipment of the type described in

Practice E 3 and Guide E 883 provided with normal illumina-
tion.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.06 on
Methods of Test.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1973. Last previous edition approved in 1998 as B 577 – 93 (1998).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.
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6.2.2 A furnace of sufficient capacity, capable of maintain-
ing the required reducing atmosphere while the specimens are
being heated. A rapid cooling device using either water or a
reducing atmosphere is required.

6.2.3 A machinist vise with replaceable matching pairs of
jaw mandrels of various radii contours.

7. Sampling

7.1 Sampling shall be in accordance with the requirements
of the specification under which the material was ordered.

8. Test Specimens

8.1 Longitudinal specimens, that is, specimens whose axes
are parallel to the direction of working are preferable. How-
ever, equally reliable results can be obtained with specimens in
which the axis is perpendicular to the directions of working.

8.2 Specimens shall be of dimensions suitable for the
performance of the required tests. Where necessary to cut a
specimen from an oversize piece of material, at least one of the
original surfaces of the material shall be retained in the test
specimen. Suggested dimensions for test specimens are given
in the following table (for Procedures C or D):

Wrought Products Suggested Dimensions for
Test Specimens

Flats (wire, strip, sheets, bar,
and plate)

thickness—that of the product but should not
exceed 1⁄2 in. (13 mm)

width—approx. 1⁄2 in. (13 mm)
length—approx. 6 in. (152 mm)

Shapes and forgings To the extent that the dimensions of the ma-
terial permit, the dimensions of the test
specimens are those suggested for the flat
products specimens.

(Where the product dimensions, particularly
length, as in the case of forgings, do not
permit taking a specimen, the total
product may then become the test spec-
imen for examination by Procedures A
or B.)

Wire or rod diameter or distance between parallel
surfaces—that of the product but not to
exceed 1⁄2 in. (13 mm)

length—approx. 6 in. (152 mm)
Tubular products:
Diameter or distance between

parallel surfaces:
Up to 5⁄16 in. (8 mm), incl. full section of tube, approx 6 in. (152 mm)

long
Over 5⁄16 in. (8 mm) to 1 in.

(25.4 mm), incl.
a slit half section of the tube, approx 6 in.

(152 mm) long
Over 1 in. (25.4 mm) a slit section approx 1⁄2 in. (13 mm) wide and

6 in. (152 mm) long taken either trans-
verse or parallel to the tube axis

Refinery shapes a 0.080-in. (2.03-mm) diameter wire specimen
made by forging, swaging, hot rolling,
and cold drawing as may be necessary

8.3 All specimens made by cutting from larger stock shall
have their corners or edges deburred to a slight radius before
testing.

TEST METHOD A—MICROSCOPICAL
EXAMINATION WITHOUT THERMAL TREATMENT

9. Scope

9.1 This test method describes a procedure by which the
presence of cuprous oxide is determined by polarized light
microscopy examination at a minimum magnification of 753.

10. Procedure

10.1 The test specimens taken transverse to and bounded by
an original surface of the material are mounted and polished in
accordance with Practice E 3.

10.1.1 Photomicrographs, when taken, are prepared in ac-
cordance with Guide E 883.

10.2 The polished, but unetched, surface of the specimens
are examined under reflected polarized light at a minimum
magnification of 753.

10.2.1 Cuprous oxide will appear as ruby-red particles.
10.2.2 Cuprous oxide will appear as blue particles under

white light.

11. Application

11.1 This test method is applicable to Copper UNS Nos.
C10100, C10200, C10300, C10400, C10500, C10700, C11700,
and C12000.

TEST METHOD B—MICROSCOPICAL
EXAMINATION AFTER THERMAL TREATMENT

12. Scope

12.1 This test method describes a procedure by which the
presence of cuprous oxide is determined by microscopical
examination under normal illumination at a minimum magni-
fication of 753 after thermal treatment of the specimens.

13. Procedure

13.1 Heat the cleaned and degreased specimens which
retain at least one original surface for 20 to 40 min in an
atmosphere of at least 10 % hydrogen within a furnace held at
a temperature of 15626 45°F (8506 25°C).

13.2 After the heat treatment, immediately remove and
quench the specimens in water without undue exposure to air
or quickly cool the specimens in the same atmosphere.

13.3 The test specimens taken transverse to and bounded by
an original surface of the treated material are mounted and
polished, and etched when desired, in accordance with Practice
E 3.

13.3.1 Photomicrographs, when taken, shall be prepared in
accordance with Guide E 883.

13.4 Cuprous oxide (hydrogen embrittlement) when present
in the material tested will manifest itself by the open grain
structure (gassing) characteristic of embrittlement. For ex-
ample, the grain structure is outlined by a series of voids at the
grain boundary.

13.5 In case of controversy concerning the presence or
absence of cuprous oxide (hydrogen embrittlement), Method C
or D, as specified in the product specification, shall be
followed.

14. Application

14.1 The method is applicable to Copper UNS Nos.
C10100, C10200, C10400, C10500, C10700, C10800, C11700,
C12000, C12200, and C14200.
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TEST METHOD C—CLOSED BEND TEST AFTER
THERMAL TREATMENT

15. Scope
15.1 This test method describes a procedure by which the

presence of cuprous oxide (hydrogen embrittlement) is deter-
mined by bending thermally treated specimens into a flattened
“U” shape.

16. Procedure
16.1 Heat the cleaned and degreased specimen that retains

at least one of the original surfaces for a period of 20 to 40 min
in an atmosphere of at least 10 % hydrogen within a furnace
held at a temperature of 15626 45°F (8506 25°C).

16.2 After the heat treatment, immediately quench the
specimens in water without undue exposure to air or quickly
cool the specimens in the same atmosphere.

16.3 Flatten all tubular specimens, after the thermal treat-
ment, in a vise or press with smooth surfaces, to twice the wall
thickness, before bending.

16.4 Make the bend test at ambient temperature as indicated
in Fig. 1 with an original surface of the material on the outside
of the bend.

16.5 Bend the test specimen in such a manner as to form a
“U” with the final closure being made by squeezing the legs of
the “U” together.

16.5.1 The formation of cracks on the outside surface of the
bend are evidence of the presence of cuprous oxide in the
copper.

17. Application
17.1 This test is applicable to Copper UNS Nos. C10100,

C10200, C10300, C10400, C10500, C10700, C11700, and
C12000.

TEST METHOD D—REVERSE BEND TEST AFTER
THERMAL TREATMENT

18. Scope
18.1 This test method describes a procedure in which the

presence of cuprous oxide (hydrogen embrittlement) is deter-

mined by subjecting thermally treated specimens to a prede-
termined number of bends.

19. Procedure

19.1 Heat the cleaned and degreased specimens that retain
at least one of the original surfaces for a period of 20 to 40 min
in an atmosphere of at least 10 % hydrogen within a furnace
held at a temperature of 15626 45°F (8506 25°C).

19.2 After the heat treatment, immediately remove and
quench the specimens in water without undue exposure to air
or quickly cool the specimens in the same atmosphere.

19.3 At ambient temperature, clamp the specimen lightly
between jaws with edges having a radius of two and a half
times the thickness (or diameter) of the material being tested.

19.3.1 An original surface of the material shall be so
positioned as to be on the outer bend radius.

19.4 Bend the specimen over one edge of the clamp jaws
through an angle of 90° and return the specimen to the original
position; this constitutes one bend.

19.5 Bend the specimen in the opposite direction through an
angle of 90° and return the specimen to the original position;
this constitutes a second bend.

19.6 Continue making bends in alternating directions until
the required number of bends have been made or the specimen
fractures.

19.7 Failure to withstand the required minimum number of
bends is evidence of the presence of cuprous oxide.

20. Application

20.1 This method is applicable to Copper UNS Nos.
C10100, C10200, C10300, C10400, C10500, C10700, and
C12000.

21. Precision and Bias

21.1 A precision and bias statement is not applicable since
the results of these test methods merely indicate whether there
is conformation to a criteria for success specified in the
particular procedure.

22. Keywords

22.1 cuprous oxide in copper; test methods; hydrogen em-
brittlement of copper; test methodsFIG. 1 Bend Test
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SUMMARY OF CHANGES

This section identifies the principle changes to this standard that have been incorporated since the last issue.

(1) Title change.
(2) Sections describing each test method identified in scope.

(3) Each test method self contained.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
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Designation: B 584 – 00

Standard Specification for
Copper Alloy Sand Castings for General Applications 1

This standard is issued under the fixed designation B 584; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification covers requirements for copper alloy
sand castings for general applications. Nominal compositions
of the alloys defined by this specification are shown in Table
1.2 This is a composite specification replacing former docu-
ments as shown in Table 1.

NOTE 1—Other copper alloy castings are included in the following
ASTM specifications: B 22, B 61, B 62, B 66, B 67, B 148, B 176, B 271,
B 369, B 427, B 492, B 505, B 763, B 770, and B 806.

1.2 Component part castings produced to this specification
may be manufactured in advance and supplied from stock. In
such cases the manufacturer shall maintain a general quality
certification of all castings without specific record or date of
casting for a specific casting.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are provided
for information purposes only.

2. Referenced Documents

2.1 ASTM Standards:
B 22 Specification for Bronze Castings for Bridges and

Turntables3

B 61 Specification for Steam or Valve Bronze Castings3

B 62 Specification for Composition Bronze or Ounce Metal
Castings3

B 66 Specification for Bronze Castings for Steam Locomo-
tive Wearing Parts3

B 67 Specification for Car and Tender Journal Bearings,
Lined3

B 148 Specification for Aluminum-Bronze Sand Castings3

B 176 Specification for Copper-Alloy Die Castings3

B 208 Practice for Preparing Tension Test Specimens for
Copper Alloy Sand, Permanent Mold, Centrifugal, and

Continuous Castings3

B 271 Specification for Copper-Base Alloy Centrifugal
Castings3

B 369 Specification for Copper-Nickel Alloy Castings3

B 427 Specification for Gear Bronze Alloy Castings3

B 492 Specification for Cast Copper-Nickel Ship Tailshaft
Sleeves4

B 505 Specification for Copper-Base Alloy Continuous
Castings3

B 763 Specification for Copper Alloy Sand Castings for
Valve Application3

B 770 Specification for Copper-Beryllium Alloy Sand Cast-
ings for General Applications3

B 806 Specification for Copper Alloy Permanent Mold
Castings for General Applications3

B 824 Specification for General Requirements for Copper
Alloy Castings3

B 846 Terminology for Copper and Copper Alloys3

E 527 Practice for Numbering Metals and Alloys (UNS)5

2.2 ASME Code:
ASME Boiler and Pressure Vessel Code6

3. Terminology

3.1 Definitions of terms relating to copper alloys can be
found in Terminology B 846.

4. General Requirements

4.1 The following sections of Specification B 824 form a
part of this specification. In the event of a conflict between this
specification and Specification B 824, the requirements of this
specification shall take precedence.

4.1.1 Terminology,
4.1.2 Other Requirements,
4.1.3 Dimensions, Mass, and Permissible Variations,
4.1.4 Workmanship, Finish, and Appearance,
4.1.5 Sampling,
4.1.6 Number of Tests and Retests,
4.1.7 Specimen Preparation,

1 This practice is under the jurisdiction of ASTM Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.05 on Castings
and Ingots for Remelting.

Current edition approved May 10, 2000. Published August 2000. Originally
published as B 584 - 73. Last previous edition B 584 - 98a.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00”. The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards,Vol 02.01.

4 Discontinued—Annual Book of ASTM Standards,Vol 02.01.
5 Annual Book of ASTM Standards,Vol 01.01.
6 Available from the American Society of Mechanical Engineers, United Engi-

neering Center, 345 E. 47th St., New York, NY 10017.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.8 Test Methods,
4.1.9 Significance of Numerical Limits,
4.1.10 Inspection,
4.1.11 Rejection and Rehearing,
4.1.12 Certification,
4.1.13 Test Report,
4.1.14 Product Marking,
4.1.15 Packaging and Package Marking, and
4.1.16 Supplementary Requirements.

5. Ordering Information

5.1 Orders for castings under this specification should
include the following information:

5.1.1 Specification title, number, and year of issue,
5.1.2 Quantity of castings,

5.1.3 Copper alloy UNS Number (Table 1) and temper
(as-cast, heat treated, and so forth),

5.1.4 Pattern or drawing number, and condition (as-cast,
machined, etc.),

5.1.5 ASME Boiler and Pressure Vessel Code—compliance
(Section 10),

5.1.6 When material is purchased for agencies of the U.S.
Government, the Supplementary Requirements of Specifica-
tion B 824 may be specified.

5.2 The following options are available and should be
specified in the purchase order when required:

5.2.1 Chemical analysis of residual elements (7.3),
5.2.2 Pressure test or soundness requirements (Specification

B 824),

TABLE 1 Nominal Compositions

Classification

Copper
Alloy
UNS
No.

Previous
Designation

Commercial Designation Copper Tin Lead Zinc Nickel Iron
Alum-
inum

Man-
ganese

Sili-
con

Nio-
bium

Bis-
muth

Leaded red brass C83450 . . . . . . 88 21⁄2 2 61⁄2 1 . . . . . . . . . . . . . . . . . .
C83600 B 145-4A 85-5-5-5 or No. 1 composition 85 5 5 5 . . . . . . . . . . . . . . . . . . . . .
C83800 B 145-4B commercial red brass, 83-4-6-7 83 4 6 7 . . . . . . . . . . . . . . . . . .

Leaded semi-red
brass

C84400 B 145-5A valve composition, 81-3-7-9 81 3 7 9 . . . . . . . . . . . . . . . . . . . . .

C84800 B 145-5B semi-red brass, 76-21⁄2-61⁄2-15 76 21⁄2 61⁄2 15 . . . . . . . . . . . . . . . . . . . . .
Leaded yellow brass C85200 B 146-6A high-copper yellow brass 72 1 3 24 . . . . . . . . . . . . . . . . . . . . .

C85400 B 146-6B commercial No. 1 yellow brass 67 1 3 29 . . . . . . . . . . . . . . . . . . . . .
C85700 B 146-6C leaded naval brass 61 1 1 37 . . . . . . . . . . . . . . . . . . . . .

High-strength yellow
brass

C86200 B 147-8B high-strength manganese bronze 63 . . . . . . 27 . . . 3 4 3 . . . . . . . . .

C86300 B 147-8C high-strength manganese bronze 61 . . . . . . 27 . . . 3 6 3 . . . . . . . . .
C86400 B 147-7A leaded manganese bronze 58 1 1 38 . . . 1 1⁄2 1⁄2 . . . . . . . . .
C86400 B 132-A
C86500 B 147-8A No. 1 manganese bronze 58 . . . . . . 39 . . . 1 1 1 . . . . . . . . .
C86700 B 132-B leaded manganese bronze 58 1 1 34 . . . 2 2 2 . . . . . . . . .

Silicon bronze +
silicon brass

C87300 B 198-12A silicon bronze 95 . . . . . . . . . . . . . . . . . . 1 4 . . . . . .

C87400 B 198-13A silicon brass 82 . . . 1⁄2 14 . . . . . . . . . . . . 31⁄2 . . . . . .
C87500 B 198-13B silicon brass 82 . . . . . . 14 . . . . . . . . . . . . 4 . . . . . .
C87600 B 198-13C silicon bronze 91 . . . . . . 5 . . . . . . . . . . . . 4 . . . . . .
C87610 B 198-12A silicon bronze 92 . . . . . . 4 . . . . . . . . . . . . 4 . . . . . .

Bismuth selenium
brass

C89510A . . . sebiloy I 87 5 . . . 5 . . . . . . . . . . . . . . . . . . 1.0

C89520B . . . sebiloy II 86 51⁄2 . . . 5 . . . . . . . . . . . . . . . . . . 1.9
Bismuth semi-red

brass
C89844 . . . bismuth brass 841⁄2 4 . . . 8 . . . . . . . . . . . . . . . . . . 3

Tin bronze + leaded
tin bronze

C90300 B 143-1B modified “G” bronze, 88-8-0-4 88 8 . . . 4 . . . . . . . . . . . . . . . . . . . . .

C90500 B 143-1A “G” bronze, 88-10-0-2 88 10 . . . 2 . . . . . . . . . . . . . . . . . . . . .
C92200 B 143-2A steam or valve bronze-Navy “M” 88 6 11⁄2 41⁄2 . . . . . . . . . . . . . . . . . . . . .
C92210 . . . . . . 88 5 2 4 1 . . . . . . . . . . . . . . . . . .
C92300 B 143-2B 87-5-1-4, Navy PC 87 8 1 4 . . . . . . . . . . . . . . . . . . . . .
C92600 . . . 87-10-1-2 87 10 1 2 . . . . . . . . . . . . . . . . . . . . .

High-lead tin bronze C93200 B 144-3B 83-7-7-3 83 7 7 3 . . . . . . . . . . . . . . . . . . . . .
C93500 B 144-3C 85-5-9-1 85 5 9 1 . . . . . . . . . . . . . . . . . . . . .
C93700 B 144-3A 80-10-10 80 10 10 . . . . . . . . . . . . . . . . . . . . . . . .
C93800 B 144-3D 78-7-15 78 7 15 . . . . . . . . . . . . . . . . . . . . . . . .
C94300 B 144-3E 71-5-24 71 5 24 . . . . . . . . . . . . . . . . . . . . . . . .

Nickel-tin bronze +
leaded nickel-tin

bronze

C94700 B 292-A nickel-tin bronze Grade “A” 88 5 . . . 2 5 . . . . . . . . . . . . . . . . . .

C94800 B 292-B leaded nickel-tin bronze Grade “B” 87 5 1 2 5 . . . . . . . . . . . . . . . . . .
C94900 . . . leaded nickel-tin bronze Grade “C” 80 5 5 5 5 . . . . . . . . . . . . . . . . . .

Spinodal alloy C96800 . . . . . . 82 8 . . . . . . 10 . . . . . . . . . . . . 0.2 . . .
Leaded nickel bronze C97300 B 149-10A 12 % leaded nickel silver 57 2 9 20 12 . . . . . . . . . . . . . . . . . .

C97600 B 149-11A 20 % leaded nickel silver 64 4 4 8 20 . . . . . . . . . . . . . . . . . .
C97800 B 149-11B 25 % leaded nickel silver 66 5 2 2 25 . . . . . . . . . . . . . . . . . .

ASelenium 0.5.
BSelenium 0.9.
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5.2.3 Approval of weld repair or impregnation, or both
(Section 9),

5.2.4 Certification (Specification B 824),
5.2.5 Foundry test report (Specification B 824),
5.2.6 Witness inspection (Specification B 824), and
5.2.7 Product marking (Specification B 824).

6. Manufacture

6.1 Copper alloy UNS Nos. C94700 and C96800 may be
supplied in the heat treated condition to obtain the higher
mechanical properties shown in Table 2. Suggested heat
treatments for these alloys are given in Table 3. Actual practice
may vary by manufacturer.

6.2 Separately cast test bar coupons representing castings
made in copper alloy UNS Nos. C94700HT and C96800HT
shall be heat treated with the castings.

7. Chemical Composition

7.1 The castings shall conform to the compositional require-
ments for named elements as shown in Table 4 for the copper
alloy UNS numbers specified in the purchase order.

7.2 These specification limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements agreed upon between manu-
facturer or supplier and purchaser. Copper or zinc, when zinc
is 20 % or greater, may be given as remainder and may be
taken as the difference between the sum of all elements
analyzed and 100 %. When all named elements in Table 4 are
analyzed, their sum shall be as specified in Table 5.

7.3 It is recognized that residual elements may be present in
cast copper alloys. Analysis shall be made for residual ele-
ments only when specified in the purchase order.

8. Mechanical Properties

8.1 Mechanical properties shall be determined from sepa-
rately cast test bar castings, and shall meet the requirements
shown in Table 2.

9. Casting Repair

9.1 The castings shall not be weld repaired without approval
of the purchaser (5.2.3).

9.2 The castings shall not be impregnated without approval
of the purchaser (5.2.3).

10. ASME Requirements

10.1 When specified in the purchase order to meet ASME
Boiler and Pressure Vessel Code requirements, castings in
copper alloy UNS Nos. C92200, C93700, and C97600 shall
comply with the following:

10.1.1 Certification requirements of Specification B 824.
10.1.2 Foundry test report requirements of Specification

B 824.
10.1.3 Castings shall be marked with the manufacturer’s

name, the copper alloy UNS number, and the casting quality
factor. In addition, heat numbers or serial numbers that are
traceable to heat numbers shall be marked on all pressure-
containing castings individually weighing 50 lbs (22.7 kg) or
more. Pressure-containing castings weighing less than 50 lbs
(22.7 kg) shall be marked with either the heat number or a
serial number that will identify the casting as to the month in
which it was poured. Marking shall be in such a position as to
not impair the usefulness of the casting.

10.2 The castings shall not be repaired, plugged, welded, or
“burned in” unless permission from the purchaser has been

TABLE 2 Mechanical Requirements

Copper Alloy
UNS No.

Tensile Strength,
min

Yield Strength,A min
Elongation in

2 in.
or 50 mm,

min, %ksiB MPaC ksiB MPaC

C83450 30 207 14 97 25
C83600 30 207 14 97 20
C83800 30 207 13 90 20
C84400 29 200 13 90 18
C84800 28 193 12 83 16
C85200 35 241 12 83 25
C85400 30 207 11 76 20
C85700 40 276 14 97 15
C86200 90 621 45 310 18
C86300 110 758 60 414 12
C86400 60 414 20 138 15
C86500 65 448 25 172 20
C86700 80 552 32 221 15
C87300 45 310 18 124 20
C87400 50 345 21 145 18
C87500 60 414 24 165 16
C87600 60 414 30 207 16
C87610 45 310 18 124 20
C89510 26 184 17 120 8
C89520 25 176 17 120 6
C89844 28 193 13 90 15
C90300 40 276 18 124 20
C90500 40 276 18 124 20
C92200 34 234 16 110 22
C92210 32 225 15 103 20
C92300 36 248 16 110 18
C92600 40 276 18 124 20
C93200 30 207 14 97 15
C93500 28 193 12 83 15
C93700 30 207 12 83 15
C93800 26 179 14 97 12
C94300 24 165 . . . . . . 10
C94700 45 310 20 138 25
C94700 (HT) 75 517 50 345 5
C94800 40 276 20 138 20
C94900 38 262 15 103 15
C96800 125 862 100D 689D 3
C96800 (HT) 135 931 120D 821D . . .
C97300 30 207 15 103 8
C97600 40 276 17 117 10
C97800 50 345 22 152 10

AYield strength shall be determined as the stress producing an elongation under
load of 0.5 %, that is, 0.01 in. (0.254 mm) in a gage length of 2 in. or 50 mm.

Bksi = 1000 psi.
CSee Appendix X1.
DYield strength 0.2 %, offset.

TABLE 3 Suggested Heat Treatments

Copper Alloy
UNS No.

Solution Treatment
(not less than 1 h followed by

water quench)

Annealing Treatment
(not less than 2 h followed

by air cool)

C96800 1500°F (815°C) (Age to develop properties)
660°F (350°C)

Solution treatment (not less
than 2 h followed by water
quench)

Precipitation hardening (5 h)

C94700 1425–1475°F 580–620°F
(775–800°C) (305–325°C)

B 584 – 00
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previously secured. This will be given only when the defects
are such that after the approved repair the usefulness and
strength of the castings has not been impaired.

10.3 Alloys in this specification are generally weldable.
Preparation for repair welding shall include inspection to
ensure complete removal of the defect. Repairs shall be made
utilizing welding procedures qualified in accordance with
Section IX if the ASME code and repair welding shall be done
by welders or welding operators meeting the qualification
requirements of ASME Section IX. The following records shall
be maintained:

10.3.1 A sketch or drawing showing the dimensions, depth,
and location of excavations,

10.3.2 Postweld heat treatment, when applicable,
10.3.3 Weld repair inspection results,
10.3.4 Casting identification number,
10.3.5 Weld procedure identification number,
10.3.6 Welder identification, and
10.3.7 Name of inspector.

11. Sampling

11.1 Test bar castings for copper alloy UNS Nos. C86200,
C86300, C86400, C86500, and C86700 shall be cast to the

form and dimensions shown in Figs. 1 or 2 of Practice B 208.
Test bar castings for all other alloys listed in this specification
shall be cast to the form and dimensions shown in Figs. 2, 3, or
4 of Practice B 208.

11.2 When castings are specified to meet the requirements
of the ASME Boiler and Pressure Vessel Code, for small
remelts the lot size shall not exceed 1000 lbs (455 kg) of
castings and shall consist of all of the metal from a single
master heat poured from an individual melting unit or group of
melting units operating during the course of one-half shift, not
to exceed 5 h.

12. Test Methods

12.1 Analytical chemical methods are given in Specification
B 824.

13. Keywords

13.1 copper alloy castings; copper-base alloy castings; sand
castings

TABLE 5 Sum of All Named Elements Analyzed

Copper Alloy
UNS Number

Copper Plus Major Elements, % Minimum

C83450 99.3
C83600 99.3
C83800 99.3
C84400 99.3
C84800 99.3
C85200 99.1
C85400 98.9
C85700 98.7
C86200 99.0
C86300 99.0
C86400 99.0
C86500 99.0
C86700 99.0
C87300 99.5
C87400 99.2
C87500 99.5
C87600 99.5
C87610 99.5
C89510 99.3
C89520 99.3
C89844 99.3
C90300 99.4
C90500 99.7
C92200 99.3
C92210 99.3
C92300 99.3
C92600 99.3
C93200 99.2
C93500 99.4
C93700 99.0
C93800 98.9
C94300 99.0
C94700 99.3
C94800 99.3
C94900 99.2
C96800 99.5
C97300 99.0
C97600 99.7
C97800 99.6
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force that when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg · m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 584 - 98)
that may impact the use of this standard.

(1) Table 1 revised to include Bismuth Selenium Brass
C89510.
(2) Table 4 revised to include C89510.

(3) Table 5 revised to include C89510.

(4) Table 2 revised to include C89510.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 587 – 97 (Reapproved 2003)

Standard Specification for
Welded Brass Tube 1

This standard is issued under the fixed designation B 587; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification establishes the requirements for
round, rectangular, and square copper alloy welded tube for
general engineering applications.

1.2 The values stated in inch-pound units are the standard
except for grain size which is stated in SI units. SI values given
in parentheses are for information only.

1.3 The following hazard statement pertains only to the test
method described in 18.2.3, 18.2.4, 18.2.6, and 18.2.7 of this
specification:This standard does not purport to address all of
the safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 153 Test Method for Expansion (Pin Test) of Copper and
Copper-Alloy Pipe and Tubing

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper-Alloys

B 428 Test Method for Angle of Twist in Rectangular and
Square Copper and Copper Alloy Tube

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast

E 3 Practice for Preparation of Metallographic Specimens
E 8 Test Methods for Tension Testing of Metallic Materials
E 18 Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 112 Test Methods for Determining Average Grain Size

E 243 Practice for Electromagnetic (Eddy Current) Exami-
nation of Copper and Copper Alloy Tubes

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition

E 478 Test Methods for Chemical Analysis of Copper
Alloys

E 527 Practice for Numbering Metals and Alloys (UNS)

3. Terminology

3.1 Definitions:
3.1.1 average diameter (for round tubes only), n—the

average of the maximum and minimum outside diameters, or
the maximum and minimum inside diameters, whichever is
applicable, as determined at any one cross section of the tube.

3.1.2 coil—a length of the product wound into a series of
connected turns. The unqualified term “coil” as applied to tube
is normally understood as referring to a bunched coil.

3.1.2.1 mill length—lengths that can be conveniently manu-
factured in the mills.

3.1.2.2 mill lengths with ends—lengths, including ends, that
can be conveniently manufactured in the mills.

3.1.3 flash or bead—weld metal that protrudes beyond the
normal wall, both inside or outside.

3.1.4 lengths—straight pieces of the product.
3.1.4.1 ends—straight pieces, shorter than the nominal

length, left over after cutting the product into mill lengths,
stock lengths, or specified lengths. They are subject to mini-
mum length and maximum weight requirements.

3.1.4.2 specific—straight lengths that are uniform in length,
as specified, and subject to established tolerances.

3.1.4.3 stock—straight lengths that are mill cut and stored in
advance of orders. They are usually subject to established
tolerances.

3.1.5 scarfing—the removing of flash or bead by a cutting
operation.

3.1.6 tube—a hollow product of round or any other cross
section, having a continuous periphery.

3.1.6.1 welded—product made from sheet, strip, or plate
with a seam made by welding.

3.1.6.2 as-welded—a condition created as a result of shap-
ing sheet, strip, or plate into a tubular form and welding
without subsequent heat treatment or cold work, or both.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 1, 2003. Published November 2003. Originally
approved in 1973. Last previous edition approved in 1997 as B 587 – 97e1.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



3.1.6.3 welded and annealed—welded tube that has been
annealed to produce a uniformed grain size appropriate to the
specified annealed temper.

3.1.6.4 welded and cold-drawn—welded tube with internal
flash removed by scarfing and subsequently cold-drawn to
conform to the specified temper.

3.1.6.5 fully finished—welded tube with internal and pro-
cessed to conform to the specified temper.

4. Classification (Type)

4.1 The basic types of welded tube are:
4.1.1 Type I—As-welded tube finished by passing through

sizing and straightening rolls at ambient temperature.
4.1.2 Type II—As-welded tube finished by sizing, straight-

ening, and annealing.
4.1.3 Type III—As-welded tube finished by cold reducing or

cold drawing over a plug or mandrel.
4.1.4 Type IV—As-welded tube finished by both cold draw-

ing over a plug or mandrel and annealing, and redrawing and
annealing when necessary to conform to a specified size and
temper.

4.1.4.1 Type IV tube may be substituted for Types I, II, and
III by agreement between the manufacturer or supplier and the
purchaser. The temper of substituted Type IV tube shall be
stated in the contract or purchase order.

5. Ordering Information

5.1 The contract or purchase order for product under this
specification should include the following information:

5.1.1 ASTM designation and year of issue (for example,
B 587 – 97),

5.1.2 Copper Alloy UNS3 No. (for example, C21000) (Sec-
tion 6),

5.1.3 Classification (type) (Section 4),
5.1.4 Temper (Section 8 and Table 2 and Table 3),
5.1.5 Dimensions (diameter, distances between parallel sur-

faces, wall thickness and so forth) (Section 13),
5.1.6 How furnished (coils or lengths, specific or stock, with

or without ends),
5.1.7 Number of coils or pieces, each size and type, and
5.1.8 Total weight, each size and type.
5.2 The following options are available under this specifi-

cation and should be specified in the contract or purchase order
when required:

5.2.1 Mercurous nitrate test (11.1),
5.2.2 Hydrostatic test (12.2),
5.2.3 Pneumatic test (12.3),
5.2.4 Certification (Section 22),
5.2.5 Mill test report (Section 23), and
5.2.6 Product marking (Section 24).

6. Material and Manufacture

6.1 Material—The material shall be strip, sheet, or plate
produced of Copper Alloy UNS No. C21000, C22000, C23000,
C26000, C26800, C27000, or C27200 and shall be of such

quality and soundness as to be suitable for processing into the
products described in this specification.

6.2 Manufacture:
6.2.1 Tubes shall be welded by any process which produces

forged or fusion welds.
6.2.1.1 Tube welded from cold-rolled strip can be regularly

furnished by welding standard strip tempers and shall have
mechanical properties as agreed upon between the manufac-
turer or supplier and the purchaser.

6.2.2 Forged-welded tube shall be scarfed to remove both
internal and external flash.

6.2.2.1 Forged-welded tube to be drawn over a mandrel to
produce Types III and IV may have the internal flash com-
pletely removed.

6.2.2.2 Forged-welded Types I, II, and III tube may contain
a residual thickness at the weld not to exceed 0.006 in. (0.15
mm) or 10 % of the nominal wall thickness, whichever is
greater.

6.2.3 Fusion-welded tube shall be mechanically worked to
produce a smooth external and internal surface without the
application of scarfing or other removal of the weld metal bead.

7. Chemical Composition

7.1 The material shall conform to the chemical requirements
given in Table 1 for the specified alloy.

7.1.1 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

7.2 Either copper or zinc may be taken as the difference
between the sum of results of all elements determined and
100 %; however, when copper is so determined, that difference
shall conform to the limits given in Table 1 for copper.

7.3 When all elements in Table 1 for the specified alloy are
determined, the sum of results shall be as follows:

Copper Alloy
UNS No.

Copper Plus Specified Elements,
min, %

C21000, C22000, C23000 99.8
C26000, C26800, C27000, C27200 99.7

8. Temper

8.1 The material furnished shall be one of the tempers
indicated in Table 2 or Table 3.

8.1.1 Light-drawn and hard-drawn tempers are normally
available in round tube only.

8.1.2 Special temper requirements are subject to agreement
between the manufacturer or supplier and the purchaser.

3 Refer to Practice E 527 for explanation of the Unified Numbering System
(UNS).

TABLE 1 Chemical Requirements

Copper Alloy
UNS No.

Composition, %

Copper Lead, max Iron, max Zinc

C21000 94.0–96.0 0.05 0.05 remainder
C22000 89.0–91.0 0.05 0.05 remainder
C23000 84.0–86.0 0.05 0.05 remainder
C26000 68.5–71.5 0.07 0.05 remainder
C26800 64.0–68.5 0.15 0.05 remainder
C27000 63.0–68.5 0.10 0.07 remainder
C27200 62.0–65.0 0.07 0.07 remainder
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9. Physical Properties

9.1 Grain Size:
9.1.1 Type II and Type IV tubes with tempers designated as

W060 (welded and soft-annealed) and W050 (welded and
light-annealed) shall conform to the requirements prescribed in
Table 3 for the specified copper alloy UNS No. and temper
when tested in accordance with Test Methods E 112.

9.1.2 Grain size shall be the basis for acceptance or rejection
based upon physical properties.

10. Mechanical Properties

10.1 Tensile Strength Requirements:

10.1.1 Type I, Type III, and Type IV tube in drawn tempers
shall conform to the requirements prescribed in Table 2 for the
specified copper alloy and temper when tested in accordance
with Test Methods E 8.

10.1.2 The tensile test results shall be the basis for accep-
tance or rejection based upon mechanical properties.

TABLE 2 Tensile Strength Requirements and Approximate Rockwell Hardness Values for Welded (Type I), Welded and Cold-Worked
(Type III), and Fully Finished (Type IV) Tube

Copper Alloy
UNS No.

Temper Type
Outside Diameter, in.

(mm)
Wall Thickness, in. (mm)

Rockwell 30T
Hard-

ness,A min

Tensile Strength,
min, ksiB

(MPa)C

C21000 welded from annealed strip I all all 7 34 (235)
C21000 welded from cold-rolled strip I all all D D

C21000 cold reduced or light drawn III, IV all all 34 37 (255)
C21000 cold reduced or hard drawn III, IV up to 1 (25.4) incl 0.020–0.119 (0.508–3.02) 52 46 (315)

over 1 to 2 (25.4 to 50.8)
incl

0.035–0.119 (0.889–3.02)

over 2 to 31⁄2 (50.8 to 88.9)
incl

0.060–0.119 (1.52–3.02)

C22000 welded from annealed strip I all all 10 37 (255)
C22000 welded from cold-rolled strip I all all D D

C22000 cold reduced or light drawn III, IV all all 38 40 (275)
C22000 cold reduced or hard drawn III, IV up to 1 (25.4) incl 0.020 to 0.119 (0.508 to

3.02)
55 52 (360)

over 1 to 2 (25.4 to 50.8)
incl

0.035 to 0.119 (0.889 to
3.02)

over 2 to 31⁄2 (50.8 to 88.9)
incl

0.060 to 0.119 (1.52 to
3.02)

C23000 welded from annealed strip I all all 24 40 (275)
C23000 welded from cold-rolled strip I all all D D

C23000 cold reduced or light drawn III, IV all all 43 44 (305)
C23000 cold reduced or drawn (general

purpose)
III, IV all all 43 44 (305)

C23000 cold reduced or hard drawn III, IV up to 1 (25.4) incl 0.020 to 0.119 (0.508 to
3.02)

65 57 (395)

over 1 to 2 (25.4 to 50.8)
incl

0.035 to 0.119 (0.889 to
3.02)

over 2 to 31⁄2 (50.8 to 88.9)
incl

0.060 to 0.119 (1.52 to
3.02)

C26000,
C26800,
C27000,
C27200

welded from annealed strip I all all 25 48 (330)

C26000,
C26800,
C27000,
C27200

welded from cold-rolled strip I all all D D

C26000,
C26800,
C27000,
C27200

cold reduced or drawn (general
purpose)

III, IV all all 53 54 (370)

C26000,
C26800,
C27000,
C27200

cold reduced or hard drawnE III, IV up to 1 (25.4) incl

over 1 to 2 (25.4 to 50.8)
incl

over 2 to 31⁄2 (50.8 to 88.9)
incl

0.020 to 0.119 (0.508 to
3.02)

0.035 to 0.119 (0.889 to
3.02)

0.060 to 0.119 (1.52 to
3.02)

70 66 (455)

A Rockwell hardness values shall only apply to: (a) tubes having a wall thickness of 0.012 in. (0.305 mm) or greater; (b) round tube having an inside diameter of 5⁄16

in. (7.94 mm) or greater; and (c) rectangular and square tube having an inside major distance between parallel surfaces of 3⁄4 in. (4.76 mm) or greater. Rockwell hardness
tests shall be made on the inside surface of the tube, and the value of the Rockwell hardness number of each specimen shall be established by taking the arithmetical
average of at least three readings. When suitable equipment is not available for determining the specified Rockwell hardness, other Rockwell scales and values may be
specified subject to agreement between the manufacturer and the purchaser.

B ksi = 1000 psi.
C See Appendix X1.
D Tube welded from cold-rolled strip can be regularly supplied by welding standard strip tempers and shall have mechanical properties as agreed upon between the

purchaser and the supplier.
E Light-drawn and hard-drawn tempers are normally available in round tube only.
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10.2 Rockwell Hardness—The approximate Rockwell hard-
ness value(s) for each copper alloy and temper given in Table
2 and Table 3 are for general information and assistance in
testing.

NOTE 1—The Rockwell hardness test offers a quick and convenient
method for checking for general conformity to the requirements for tensile
strength or grain size.

11. Performance Requirements

11.1 Mercurous Nitrate Test—When specified in the con-
tract or purchase order, specimens of annealed tube in all
copper alloys and tempers shall show no cracks when tested in
accordance with Test Method B 154.

11.2 Expansion Test—The annealed tube shall be expanded
in accordance with Test Method B 153 to the following
amounts.

Standard Size, in. (mm)
Expansion in Outside

Diameter, %

3⁄4 (19.0) and under 20
Over 3⁄4 (19.0) 15

The expanded tube shall not show cracking or rupture visible
to the unaided eye.

11.3 Flattening Test:
11.3.1 The annealed tube flattened elements shall show no

cracking or rupture visible to the unaided eye.
11.3.1.1 The weld when visible or identifiable shall be at the

point of maximum bend on at least one half of the flattening
elements.

11.4 Reverse Bend Test—After bending, the annealed tube
test specimen shall show no evidence of cracks, or lack of

penetration in the weld, or of overlaps resulting from flash
removal visible to the unaided eye.

12. Nondestructive Testing

12.1 Electromagnetic (Eddy-Current) Examination—Each
tube up to and including 31⁄8-in. (79.4-mm) outside diameter or
within the capabilities of the testing unit shall be passed
through the testing unit adjusted to provide information on the
suitability of the tube for the intended application in accor-
dance with Practice E 243. Tube that does not actuate the
signalling device shall be considered as conforming with test
requirements.

12.2 Hydrostatic Test:
12.2.1 When specified in the contract or purchase order,

each tube shall withstand an internal hydrostatic pressure
sufficient to subject the material to a fiber stress of 6000 psi (41
MPa) without leakage.

12.2.2 The tube need not be tested at a gage pressure over
1000 psi (6.9 MPa) unless so specified in the contract or
purchase order.

12.3 Pneumatic Test—When specified in the contract or
purchase order, each tube shall withstand an internal air
pressure of 60 psi (415 kPa) minimum for 5 s without leakage.

13. Dimensions, Mass, and Permissible Variations

13.1 Tube diameter shall be expressed as outside diameter
or inside diameter in numerical fractions of an inch. Wall
thickness shall be expressed in decimal fractions of an inch.

13.2 Tolerances on a given tube may be specified with
respect to any two, but not all three, of the following: outside
diameter, inside diameter, and wall thickness.

TABLE 3 Grain Size Requirements and Approximate Rockwell Hardness Values for Welded Tube and Fully Finished Tube When
Furnished in the Annealed Temper

Copper Alloy
UNS No.

Temper
Types

Outside
Diameter, in.

(mm)
Wall Thickness, in. (mm)

Rockwell HardnessA Avg Grain Size, mm

Designation Name Scale Max min max

C21000 WO60 soft anneal II, IV all up to 0.045 (1.14) incl
over 0.045 (1.14)

30T
F

17
61

0.025
0.025

0.060
0.060

C21000 WO50 light anneal II, IV all up to 0.045 (1.14)
over 0.045 (1.14)

30T
F

27
68

B

B
0.035
0.035

C22000 WO60 soft anneal II, IV all up to 0.045 (1.14) incl 30T 30 0.025 0.060
over 0.045, (1.14) F 70 0.025 0.060

C22000 WO50 light anneal II, IV all up to 0.045 (1.14) incl 30T 37 B 0.035
over 0.045, (1.14) F 78 B 0.035

C23000 WO60 soft anneal II, IV all up to 0.045 (1.14) incl 30T 36 0.025 0.060
over 0.045, (1.14) F 75 0.025 0.060

C23000 WO50 light anneal II, IV all up to 0.045 (1.14) incl 30T 39 B 0.035
over 0.045 (1.14) F 85 B 0.035

C26000
C26800
C27000
C27200

} WO60 soft anneal II, IV all
{
up to 0.30 (0.762 incl
over 0.030 (0.762)

30T
F

40
80

0.025
0.025

0.060
0.060

C26000
C26800
C27000
C27200

} WO50 light anneal II, IV all
{
up to 0.30 (0.762 incl
over 0.030 (0.762)

30T
F

60
90

B

B
0.035
0.035

A Rockwell hardness values only apply to: ( a) tube having a wall thickness of 0.015 in. (0.38 mm) or greater; (b) round tube having an inside diameter of 5⁄16 in. (7.94
mm) or greater; and (c) rectangular and square tube having an inside major distance between parallel surfaces of 3⁄16 in. (4.76 mm) or greater. Rockwell hardness values
do not apply for other tube. Rockwell hardness tests shall be made on the inside surface of the tube and the value of the Rockwell hardness number of each specimen
shall be established by taking the arithmetical average of at least three readings. When suitable equipment is not available for determining the specified Rockwell hardness,
other Rockwell scales and values may be specified subject to agreement between the manufacturer and the purchaser.

B Although no minimum grain size is specified, the product must, nevertheless, have a fully recrystallized grain structure.
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13.3 For purposes of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the specified limiting values for any
dimension shall be cause for rejection.

13.4 Wall Thickness Tolerances—Wall thickness tolerances
for round tube shall conform to the tolerances listed in Table 4.
Wall thickness tolerances for rectangular including square tube
shall be in accordance with Table 5.

13.5 Diameter tolerances for round tubes furnished in
straight lengths only shall be in accordance with Table 6.
Tolerances have not been established for tube furnished in
coils.

13.6 Tolerances on distance between parallel surfaces for
rectangular including square tube shall be in accordance with
Table 7.

13.7 Lengths and Tolerances:
13.7.1 Tube in straight lengths shall be furnished in stock

lengths with ends unless the order requires specific lengths or
specific lengths with ends.

13.7.2 The tolerances on the length for tubes furnished in
straight lengths shall be in accordance with Table 8.

13.7.3 The schedule of ends for tubes furnished in specific
or stock lengths with ends shall be in accordance with Table 9.

13.7.4 The tolerances for tubes furnished in coils shall be in
accordance with Table 10, Table 11, and Table 12.

13.8 Roundness:
13.8.1 For as-welded from cold-worked strip, and redrawn

unannealed tube in straight lengths, the roundness tolerances
shall be in accordance with Table 13.

13.8.2 Compliance with the roundness tolerance shall be
determined by taking measurements on the outside diameter
only, irrespective of the manner in which the tube dimensions
are specified. The deviation from roundness is measured as the
difference between major and minor diameters as determined at
any one cross section of the tube.

13.8.3 Tolerances have not been established for redrawn
tube, annealed tube, tube as welded from annealed strip, any
tube furnished in coils, or tube whose wall thickness is under
0.016 in. (0.406 mm).

13.9 Squareness-of-Cut—For tube in straight lengths, the
departure from squareness at the end of any tube shall not
exceed the following:

13.9.1 Round Tubes:

Specified Outside Diameter,
in. (mm)

Tolerance

Up to 5⁄8 (15.9), incl 0.010 in. (0.25 mm)
Over 5⁄8 (15.9) 0.016 in./in. (0.016 mm/mm) of diameter

13.9.2 Rectangular and Square Tube:

Specified Distance Between Major
Outside Parallel Surfaces, in. (mm)

Tolerance

Up to 5⁄8 (15.9), incl 0.016 in. (0.41 mm)
Over 5⁄8 (15.9) 0.025 in./in. (0.025 mm/mm) of distance

between outside parallel surfaces

13.10 Straightness Tolerances:
13.10.1 Round Tubes—For round tubes of any drawn tem-

per or round tubes as welded from cold-rolled strip,1⁄4 to 31⁄2
in. (6.35 to 88.9 mm) in outside diameter, inclusive, the
straightness tolerances shall be in accordance with Table 14.
Straightness tolerances have not been established for redraw
tube, tube as welded from annealed strip, or any annealed tube.

13.10.2 Rectangular and Square Tubes—For rectangular
and square tubes of any drawn temper or rectangular or square
tubes as welded from cold-rolled strip, the straightness toler-
ance shall be1⁄2-in. (12.7-mm) maximum curvature (depth of
arc) in any 6-ft (1.83-m) portion of the total length. (Not
applicable to redraw tube, tube as welded from annealed strip,
or any annealed tube.)

13.11 Corner Radius, Rectangular and Square Tubes—The
permissible radii for commercially square corners applicable to
welded rectangular and square tubes shall be in accordance
with Table 15.

13.12 Twist Tolerances, Rectangular and Square Tubes—
The maximum twist about the longitudinal axis of drawn
temper and as welded from cold-rolled strip temper rectangular
and square tubes shall not exceed 1°/ft (0.305 m) length,
measured to the nearest degree, and the total angle of twist
shall not exceed 20° when measured in accordance with Test
Method B 428. The requirement is not applicable to any
annealed tubes, tubes as welded from annealed strip, or tubes
whose specified major dimension is less than1⁄2 in. (12.7 mm).

TABLE 4 Wall Thickness Tolerances A for Welded Brass Tube

NOTE 1—Maximum Deviation at any Point—The following tolerances are plus and minus. If tolerances all plus or all minus are desired, double the
values given.

Wall Thickness,B in. (mm)

Outside Diameters,C in. (mm)

1⁄32 (0.794) to 1⁄8 (3.18), incl
Over 1⁄8 (3.18) to 5⁄8

(15.9), incl
Over 5⁄8 (15.9) to 1

(25.4), incl
Over 1 (25.4) to 2

(50.8), incl
Over 2 (50.8) to 31⁄2

(88.9), incl

Up to 0.017 (0.432), incl 0.002 (0.051) 0.001 (0.025) 0.0015 (0.038) 0.002 (0.051) ...
Over 0.017 (0.432) to 0.024 (0.610), incl 0.003 (0.076) 0.002 (0.051) 0.002 (0.051) 0.0025 (0.064) ...
Over 0.024 (0.610) to 0.034 (0.864), incl 0.003 (0.076) 0.0025 (0.064) 0.0025 (0.064) 0.003 (0.076) 0.004 (0.10)
Over 0.034 (0.864) to 0.057 (1.48), incl 0.003 (0.076) 0.003 (0.076) 0.0035 (0.089) 0.0035 (0.089) 0.005 (0.13)
Over 0.057 (1.48) to 0.082 (2.08), incl ... 0.0035 (0.089) 0.004 (0.10) 0.004 (0.10) 0.006 (0.15)
Over 0.082 (2.08) to 0.119 (3.02), incl ... 0.004 (0.10) 0.005 (0.13) 0.005 (0.13) 0.007 (0.18)

A The thickness tolerance is the maximum deviation at any point from the specified thickness.
B The wall thickness at the weld in Types I, II, and III tube may exceed the nominal wall thickness by an amount double the value shown in the tolerance table.
C When round tube is ordered by outside and inside diameters, the maximum plus and minus deviation of the wall thickness from the nominal at any point shall not

exceed the values given in the table by more than 50 %.
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14. Workmanship, Finish, and Appearance

14.1 Tubes covered by this specification shall be free from
defects of a nature that interfere with normal commercial
applications. They shall be reasonably clean and free of dirt.

15. Sampling

15.1 The lot size, portion size, and number of sample pieces
to be taken shall be as follows:

15.1.1 Lot Size—The lot size shall be 10 000 lbs (4550 kg)
or fraction thereof.

15.1.2 Portion Size—The number of pieces to be randomly
selected shall be in accordance with the following schedule:

TABLE 5 Wall Thickness Tolerances A for Rectangular and Square Welded Brass Tube

NOTE 1—Maximum Deviation at Any Point—The following tolerances are plus and minus. If tolerances all plus or all minus are desired, double the
values given.

Wall Thickness, in. (mm)

Distance Between Outside Parallel Surfaces,B in. (mm)

1⁄32 (0.794) to 1⁄8
(3.18), incl

Over 1⁄8 (3.18) to
5⁄8 (15.9), incl

Over 5⁄8 (15.9) to 1
(25.4), incl

Over 1 (25.4) to
2 (50.8), incl

Over 2 (50.8) to
4 (102), incl

Over 4 (102) to
6 (152), incl

Up to 0.017 (0.432), incl 0.002 (0.051) 0.002 (0.051) 0.0025 (0.064) 0.003 (0.076) ... ...
Over 0.017 (0.432) to 0.024 (0.610), incl 0.003 (0.076) 0.0025 (0.064) 0.003 (0.076) 0.0035 (0.089) ... ...
Over 0.024 (0.610) to 0.034 (0.864), incl 0.0035 (0.089) 0.0035 (0.089) 0.0035 (0.089) 0.004 (0.10) 0.006 (0.15) ...
Over 0.034 (0.864) to 0.057 (1.45), incl 0.004 (0.10) 0.004 (0.10) 0.0045 (0.11) 0.005 (0.12) 0.007 (0.18) 0.009 (0.23)

Over 0.057 (1.45) to 0.082 (2.08), incl ... 0.005 (0.13) 0.006 (0.15) 0.007 (0.18) 0.008 (0.20) 0.010 (0.25)
Over 0.082 (2.08) to 0.119 (3.02), incl ... 0.007 (0.18) 0.008 (0.20) 0.009 (0.23) 0.010 (0.25) 0.012 (0.30)

A The thickness tolerance is the maximum deviation at any point from the specified thickness.
B In the case of rectangular tube, the major dimension determines the thickness tolerance applicable to all walls.

TABLE 6 Average Diameter Tolerances A

NOTE 1—Applicable to straight lengths only.

Specified Diameter, in. (mm)

Outside Diameter

Tolerance, plus and minus

in. (mm)

1⁄4 to 5⁄8 (6.35 to 15.9), incl 0.002 (0.051)
Over 5⁄8 to 1 (15.9 to 25.4), incl 0.0025 (0.064)
Over 1 to 2 (25.4 to 50.8), incl 0.003 (0.076)
Over 2 to 3 (50.8 to 76.2), incl 0.004 (0.10)
Over 3 to 31⁄2 (76.2 to 88.9), incl 0.005 (0.13)

A When tolerances are required for inside diameter, double the values shown.

TABLE 7 Tolerances on Distance Between Parallel Surfaces for
Rectangular and Square Welded Brass Tube

NOTE 1—The following tolerances are plus and minus. If tolerances all
plus or all minus are desired, double the values given.

Major Outside Dimensions,A in. (mm)
Tolerances

in. (mm)

Up to 1⁄8 (3.18), incl 0.003 (0.076)
Over 1⁄8 to 5⁄8 (3.18 to 15.9), incl 0.004 (0.10)
Over 5⁄8 to 1 (15.9 to 25.4), incl 0.005 (0.13)
Over 1 to 2 (25.4 to 50.8), incl 0.006 (0.15)
Over 2 to 3 (50.8 to 76.2), incl 0.007 (0.18)
Over 3 to 4 (76.2 to 102), incl 0.008 (0.20)
Over 4 to 5 (102 to 127), incl 0.009 (0.23)
Over 5 to 6 (127 to 152), incl 0.010 (0.25)

A The major outside dimension determines the tolerance applicable to minor
outside dimension.

TABLE 8 Length Tolerances for Welded Brass Tube in Straight
Lengths

NOTE 1—Tolerances are all plus; if all minus tolerances are desired, use
the same values; if tolerances plus and minus are desired, halve the values
given.

Length

Tolerances Applicable Only to
Full-Length Pieces

For Major
Outside Di-

mensions up
to 1 in. (25.4

mm), incl

For Major
Outside Di-
mensions
Over 1 in.

(25.4 mm) to
31⁄2 in. (88.9

mm), incl

in. (mm) in. (mm)

Specific lengths:
Up to 6 in. (152 mm), incl 1⁄32 (0.79) 1⁄16 (1.6)
Over 6 in. to 2 ft (152 to 610 mm), incl 1⁄16 (1.6) 3⁄32 (2.4)
Over 2 to 6 ft (0.610 to 1.83 m), incl 3⁄32 (2.4) 1⁄8 (3.2)
Over 6 to 14 ft (1.83 to 4.27 m), incl 1⁄4 (6.4) 1⁄4 (6.4)
Over 14 ft (4.27 m) 1⁄2 (13) 1⁄2 (13)

Specific lengths with ends 1 (25) 1 (25)
Stock lengths with or without ends 1A (25A) 1A (25A)

A As stock lengths are cut and placed in stock in advance of orders, departure
from this tolerance is not practicable.

TABLE 9 Schedule of Tube Lengths (Specific and Stock) with
Ends for Welded Brass Tube

Major Outside
Dimensions, in.

(mm)
Nominal Length, ft (m)

Shortest Per-
missible

Length,A % of
Nominal
Length

Maximum Per-
missible

Weight of
Ends, % of Lot

Weight

Up to 1 (25.4), incl 6 (1.83) to 20 (6.10), incl 70 20
Over 1 (25.4) to 2 6 (1.83) to 20 (6.10), incl 60 25

(50.8), incl
Over 2 (50.8) to 3 6 (1.83) to 20 (6.10), incl 55 30

(76.2), incl
Over 3 (76.2) to 31⁄2 6 (1.83) to 20 (6.10), incl 50 40

(88.9), incl
A Expressed to the nearest 1⁄2 ft (150 mm).
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Number of Tubes in Lot Number of Pieces to be TakenA

1 to 50 1
51 to 200 2
201 to 1500 3
Over 1500 0.2 % of the total number of pieces in

the lot, but not to exceed 10 pieces

AEach sample piece shall be taken from a separate tube.

15.2 Chemical Composition:
15.2.1 The sample shall be taken in approximately equal

weight from each portion piece selected in 15.1.2 and in
accordance with Practice E 255. The minimum weight of the
composite sample shall be 150 g.

15.2.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of sampling at
the time castings are poured or taken from the semifinished
product. When chemical composition is determined during the
course of manufacture, sampling of the finished product is not
required.

15.2.3 The number of samples taken during the course of
manufacture shall be as follows:

15.2.3.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

15.2.3.2 When samples are taken from the semifinished
product, at least one sample shall be taken to represent each
10 000 lbs or fraction thereof, except that not more than one
sample per piece shall be required.

15.3 Other Tests:
15.3.1 Unless otherwise specified in the contract or pur-

chase order, specimens for all other tests shall be taken from
two of the sample pieces taken in 15.1.2. In the event only one
sample piece is required, all specimens shall be taken from the
piece selected.

15.3.1.1 When tube is furnished in coils, a length sufficient
for all necessary tests shall be taken from each coil selected for
sampling. The remaining portion of the sampled coil shall be
included in the shipment with the permissible variation for
such coils waived.

16. Number of Tests and Retests

16.1 Tests:
16.1.1 Chemical Analysis—Chemical composition shall be

determined as the per element mean of results from at least two
replicate analyses of the sample.

16.1.2 Other Tests—Grain size and tensile strength shall be
reported as the test results obtained from specimens prepared
from each of two pieces selected in 15.1.2, except where only
one piece was required, and all specimens shall meet the
minimum test requirement.

16.2 Retests:
16.2.1 When requested by the manufacturer or supplier, a

retest shall be permitted when test results obtained by the
purchaser fail to conform with product specification require-
ment(s).

TABLE 10 Coil Length Tolerances (Specific Lengths)

Outside Diameter, in. (mm)

Tolerances, in. (m), All Plus for Nominal
Lengths, ft (m)

Up to 50 (15.2) incl
Over 50 (15.2) to

100 (30.5) incl
Up to 11⁄2 (38.1) incl 12 (0.30) 24 (0.61)

TABLE 11 Coil Length Tolerances (Mill Lengths)

Outside Diameter, in. (mm)
Tolerances, %, for Nominal Lengths, ft (m)

Up to 100 (30.5), incl
Over 100 (30.5) to

2000 (610), incl
Up to 1 (25.4), incl 5A or 2 ft (0.61 m),

whichever is greater
10A

Over 1 (25.4) to 11⁄2 (38.1) 5A or 2 ft (0.61 m),
whichever is greater

no tolerances
established

A Expressed to the nearest 1 ft (300 mm).

TABLE 12 Schedule of Mill Lengths with Ends, in Coils

Outside Diameter, in.
(mm)

Nominal Length, ft
(m)

Shortest
Per-

missible
Length, % of

Nominal
Length

Maximum Per-
missible

Weight of
Ends, % of Lot

Weight

Up to 1 (25.4), incl Up to 100 (30.4), incl 70A 10
Over 1 (25.4) to 11⁄2

(38.1), incl
Up to 100 (30.4), incl 60A 20

Up to 1 (25.4), incl Over 100 (30.4) to 2000
(610), incl

50 50B

A Expressed to the nearest foot (300 mm).
B Short pieces may be included as follows: up to 10 % of lot weight between 50

ft (15.2 m) and one quarter of full length; and up to 40 % between one quarter and
full length.

TABLE 13 Roundness Tolerances

t/D (Ratio of Nominal Wall
Thickness to Nominal Outside

Diameter)

Roundness TolerancesA as % of Nominal
Outside Diameter

0.01 to 0.03, incl 1.5
Over 0.03 to 0.05, incl 1.0
Over 0.05 to 0.10, incl 0.8 or 0.002 in. (0.051 mm) whichever is

greater
Over 0.10 0.7 or 0.002 in. (0.051 mm) whichever is

greater
A Expressed to the nearest 1 ft (300 mm).

TABLE 14 Straightness Tolerances for Tube in Drawn Tempers
and Welded from Cold-Rolled Strip

NOTE 1—Applies to round tube in any cold-worked temper from1⁄4
(6.35) to 31⁄2 in. (88.9 mm) in outside diameter, inclusive.

Length, ft (m)A
Maximum Curvature (Depth of

Arc), in. (mm)

Over 3 (0.914) to 6 (1.83), incl 3⁄16 (4.8)
Over 6 (1.83) to 8 (2.44), incl 5⁄16 (7.9)
Over 8 (2.44) to 10 (3.05), incl 1⁄2 (13)

A For lengths greater than 10 ft (3.05 m), the maximum curvature shall not
exceed 1⁄2 in. (13 mm) in any 10-ft portion of the total length.

TABLE 15 Permissible Radii for Commercially Square Corners
for Rectangular and Square Welded Tube

Wall Thickness, in. (mm)

Maximum Radii
Outside
Corners

Inside
Corners

in. (mm) in. (mm)
Up to 0.058 (1.47), incl 3⁄64 (1.2) 1⁄32 (0.79)
Over 0.058 to 0.120 (1.47 to 3.03), incl 1⁄16 (1.6) 1⁄32 (0.79)
Over 0.120 to 0.156 (3.03 to 3.96), incl 3⁄32 (2.4) 1⁄32 (0.79)
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16.2.2 Retesting shall be as directed in the product specifi-
cation for the initial test except for the number of test
specimens which shall be twice that normally required for the
test. Test results for all specimens shall conform to the product
specification requirement(s) in retest, and failure to comply
shall be cause for lot rejection.

17. Specimen Preparation

17.1 Chemical Analysis—Preparation of the analytical test
specimens shall be the responsibility of the reporting labora-
tory.

17.2 Grain Size—The test specimens shall be prepared in
accordance with Practice E 3. The test specimen surface shall
approximate a radial longitudinal section of round tube or a
longitudinal section of rectangular and square tube perpendicu-
lar to, and bisecting, the major dimensional surface.

17.3 Tensile Test—The test specimen shall be of the full
section of the tube and shall conform to the requirements
specified in the section Specimens for Pipe and Tube in Test
Methods E 8. Should limitations of the testing machine pre-
clude the use of such a specimen, specimens conforming to
Type No. 1 of Fig. 13, Tension Test Specimen for Large-
Diameter Tubular Products, of Test Methods E 8 may be used.

17.4 Rockwell Hardness:
17.4.1 The test specimen shall be of a size and shape to

permit testing by the available test equipment and shall be
taken to permit testing in a plane parallel or perpendicular to
the direction of deformation given to the product.

17.4.2 The surface of the test specimen shall be sufficiently
smooth and even to permit the accurate determination of
hardness.

17.4.3 The test specimen shall be free from scale and
foreign matter and care shall be taken to avoid any change in
condition, for example, heating or cold working.

17.5 Mercurous Nitrate Test—The test specimen shall be
prepared as described in Test Method B 154 and shall be
obtained without bending, springing, polishing, or any other
preparation.

17.6 Expansion (Pin Test)—The specimen shall be prepared
as described in the Test Specimen section of Test Method
B 153.

17.7 Flattening Test—Annealed test specimen shall be at
least 4 ft (1.22 m) in length cut from the end of the tube.

17.8 Reverse Bend Test—An annealed section approxi-
mately 4 in. (102 mm) in length taken from the end of the tube
shall be cut longitudinally (90° on each side of the weld when
visible or indentifiable) and flattened.

18. Test Methods

18.1 Chemical Analysis:
18.1.1 Composition shall be determined, in case of dis-

agreement, by the following appropriate test method:
Element Test Method

Copper E 478
Iron E 478
Lead E 478 (AA)
Zinc E 478 (Titrimetric)

18.1.2 Test method(s) used for the determination of ele-
ment(s) required by contractual or purchase order agreement
shall be as agreed upon between the manufacturer and the
purchaser.

18.2 The product furnished shall conform with the physical
and mechanical and other requirements enumerated in this
specification when tested in accordance with the following
appropriate test method:

Test Test Method

Grain size E 112
Tension E 8
Angle of twist B 428
Expansion (pin test) B 153
Flattening 18.2.3
Reverse bend 18.2.4
Electromagnetic examination

(eddy current)
E 243

Hydrostatic 18.2.6
Pneumatic 18.2.7

18.2.1 Grain Size—In case of dispute, grain size shall be
determined by the intercept method.

18.2.2 Tensile Strength:
18.2.2.1 Tensile strength shall be determined in accordance

with Test Methods E 8. Whenever test results are obtained from
both full-size and machined specimens and they differ, the test
results from the full-size specimens shall prevail.

18.2.2.2 Test results are not seriously affected by variations
in speed of testing. A considerable range of testing speed is
permitted; however, the rate of stressing to the yield strength
should not exceed 100 ksi (690 MPa)/min. Above the yield
strength the movement per minute of the testing machine head
under load should not exceed 0.5 in./in. (0.5 mm) of gage
length (or distance between grips for full-section specimens).

18.2.3 Flattening Test—The test specimen shall be flattened
on different elements throughout the length and each element
shall be slowly flattened by one stroke of a press. The weld,
when visible or identifiable, shall be placed in the position of
maximum bend on at least one half of the flattened elements.
The term“ flattened” shall be interpreted as follows: A mi-
crometer caliper set at three times the wall thickness shall pass
over the tube freely throughout the flattened part except at the
points where the change in element of flattening takes place.

18.2.4 Reverse Bend Test:
18.2.4.1 The specimen shall be bent around a mandrel with

a diameter four times the wall thickness with the mandrel
parallel to the length and in contact with the outside surface of
the tube.

18.2.4.2 For this test a reverse bend is the bending of the
tube opposite the formed radius of the tube.

18.2.5 Electromagnetic (Eddy-Current) Examination:
18.2.5.1 The artificial discontinuity calibration standard

shall be prepared in accordance with Option a or d of Practices
E 243, and the notch depth shall be 22 % of the nominal wall
thickness rounded to the nearest 0.001 in. (0.025 mm). The
notch depth tolerance shall be60.0005 in. (0.013 mm).
Alternatively, when the equipment is speed insensitive and
equipped so that a fraction of the maximum unbalanced signal
can be selected, the following percent maximum unbalance
signal may be used.
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Tube Size, in. (mm) Unbalanced Signal Magnitude, max, %

Up to 3⁄8 (9.4) incl 0.2
1⁄2 to 2 (12.7 to 50.8) 0.3
Over 2 to 3 (50.8 to 76.2) incl 0.4

18.2.5.2 Unless otherwise agreed upon, tube causing irrel-
evant signals because of visible and identifiable handling
marks may be retested by the hydrostatic or the pneumatic test,
and tube meeting the requirements of either test shall be
considered to conform when the dimensions are within the
prescribed limits.

18.2.5.3 Tubes with discontinuities indicated by the testing
unit, may at the option of the manufacturer, be reexamined or
retested to determine whether the discontinuity is cause for
rejection. Tube causing irrelevant signals because of minor
mechanical damage moisture, soil, and like effects shall not be
cause for rejection provided the tube dimensions are still within
prescribed limits and the tube is suitable for its intended
application.

18.2.6 Hydrostatic Test—The internal hydrostatic pressure
necessary to produce the required fiber stress shall be deter-
mined by the following equation for thin hollow cylinders
under tension.

P 5 2St/~D 2 0.8t! (1)

where:
P = hydrostatic pressure, psi (or MPa);
t = thickness of tube wall, in. (or mm);
D = outside diameter of tube, in. (or mm); and
S = allowable fiber stress of the material, psi (or MPa).

18.2.7 Pneumatic Test—The test method shall permit easy
visual detection of leakage, such as having the material under
water or by the pressure differential method.

19. Significance of Numerical Limits

19.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29:

Property Rounded Unit for Observed or Calculated Value

Chemical composition
Hardness

nearest unit in the last right-hand place of figures of
the specified limit

Tensile strength nearest ksi
Grain size up to 0.060

mm, incl
nearest multiple of 0.005 mm

20. Inspection

20.1 The manufacturer or supplier shall inspect and make
the test necessary to verify that the product furnished conforms
to the requirements specified.

20.2 Source inspection of the material by the purchaser may
be agreed upon between the manufacturer, or supplier, and the
purchaser as part of the purchase order. In which case, the
nature of the facilities needed to satisfy the inspector repre-
senting the purchaser that the product is being furnished in
accordance with the product specification shall be included in
the agreement. All tests and the inspection shall be conducted
so as not to interfere unnecessarily with the operations of the
works.

20.3 The manufacturer, or supplier, and the purchaser may
accomplish the final inspection simultaneously by mutual
agreement.

21. Rejection and Rehearing

21.1 Rejection:
21.1.1 Product that fails to conform to specification require-

ments when inspected or tested by the purchaser, or purchas-
er’s agent, may be rejected.

21.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly and in writing.

21.1.3 The manufacturer, or supplier, may make claim for a
rehearing when dissatisfied with test results upon which
rejection was based.

21.2 Rehearing—As a result of product rejection, the manu-
facturer or supplier may make claim for a retest to be
conducted by the manufacturer or supplier and the purchaser.
Samples of the rejected product shall be taken in accordance
with the product specification and tested by both parties as
directed in the product specification, or, alternatively, upon
agreement by both parties, an independent laboratory may be
selected for the test using the test methods prescribed in the
product specification.

22. Certification

22.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met.

23. Test Report

23.1 When specified in the purchase order, a report of the
test results shall be furnished.

24. Product Marking

24.1 When specified in the contract or purchase order, the
tube shall be identified throughout its length with a brown color
marking, not less than3⁄16 in. (4.8 mm) in height, including a
legend repeated at intervals not greater than 3 ft (0.91 m). The
legend shall include the name or trademark of the manufac-
turer, or both, and an indication that the material is welded
tube.

25. Packaging and Package Marking

25.1 Packaging—The material shall be separated by size,
composition, and temper, and prepared for shipment in such a
manner as to acceptance by common carrier for transportation
and to afford protection from normal hazards of transportation.

25.2 Package Marking—Each shipping unit shall be legibly
marked with the purchase order number, UNS alloy designa-
tion, temper, size, shape, total length or piece count or gross
and net weight, or both, name of supplier, and whether the
tubes have been hydrostatic tested. The specification number
shall be shown when specified.

26. Keywords

26.1 brass tube; welded brass tube; welded tube
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

This section identifies the location of selected changes to this specification that have been incorporated since
the 1988 issue as follows:

(1) Temper codes added to Section 9.
(2) Table 2—Maximum wall thickness, in. (mm) to 0.119
(3.02).
(3) Table 3—Temper Codes added.
(4) Table 4—Wall thickness, in. (mm) over 0.119 (3.02 to
0.164 (4.17), incl, and the tolerances deleted.

(5) Table 5—Wall thickness, in. (mm) over 0.119 (3.02) to
0.164 (4.17), incl, and the tolerances deleted.
(6) Table 5—The Distance Between Outside Parallel Surfaces,
in. (mm) in the last column decreased to 6 (152), incl.
(7) Table 7—Major Outside Dimensions, in. (mm) over 6 to 8
(152 to 203), incl, and the tolerances deleted.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 591 – 98a

Standard Specification for
Copper-Zinc-Tin and Copper-Zinc-Tin-Iron-Nickel Alloys
Plate, Sheet, Strip, and Rolled Bar 1

This standard is issued under the fixed designation B 591; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification covers the requirements for specified
copper-zinc-tin alloys and copper-zinc-tin-iron-nickel alloys in
the form of plate, sheet, strip, and rolled bar. The alloys and
nominal compositions are as follows:

Copper Alloy
UNS No.2

Copper,
%

Tin,
%

Zinc,
%

Phos.,
%%

Iron,
%

Nickel,
%

C40500 95 1 4
C40810 95.5 2.0 2.22 0.03 0.1 0.15
C40850 95.5 3.0 1.27 0.03 0.1 0.1
C40860 94.8 2.0 3.04 0.03 0.03 0.1
C41100 91 0.5 8.5
C41300 91 1 8
C41500 91 2 7
C42200 87 1 12
C42500 88 2 10
C42520 89.8 2.0 7.97 0.03 0.1 0.1
C43000 85 2 13
C43400 85 0.7 14.3

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
B 248 Specification for General Requirements for Wrought

Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar3

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric)5

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys5

E 112 Test Methods for Determining the Average Grain
Size4

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition5

E 478 Test Methods for Chemical Analysis of Copper
Alloys6

E 527 Practice for Numbering Metals and Alloys (UNS)7

3. Terminology

3.1 Definitions— For standard terms related to copper and
copper alloys, refer to Terminology B 846.

4. General Requirements

4.1 The following sections of Specification B 248 constitute
a part of this specification:

4.1.1 Terminology—Definitions,
4.1.2 Materials and Manufacturing,
4.1.3 Workmanship, Finish, and Appearance,
4.1.4 Sampling—except for chemical analysis,
4.1.5 Number of Tests and Retests,
4.1.6 Specimen Preparation,
4.1.7 Test Methods—except for chemical analysis,
4.1.8 Significance of Numerical Limits,
4.1.9 Inspection,
4.1.10 Rejection and Rehearing,
4.1.11 Certification,
4.1.12 Test Reports (Mill),
4.1.13 Packaging and Package Marking, and
4.1.14 Supplementary Requirements.1 This specification is under the jurisdiction of ASTM Committee B05 on Copper

and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on
Plate, Sheet, and Strip.

Current edition approved Dec. 10, 1998. Published May 1999. Originally
published as B 591 – 73. Last previous edition B 591 – 98.

2 New designations established in accordance with Practice E 527. In the new
UNS system the designations for copper alloys are simply expansions of the present
standard designations by a prefix “C” and a suffix “00.”

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 03.01.

5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.06.
7 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



4.2 In addition, when a section with a title identical to that
referenced in 4.1 appears in this specification, it contains
additional requirements, which supplement those appearing in
Specification B 248.

5. Ordering Information

5.1 Contracts or purchase orders for product under this
specification should include the following information:

5.1.1 ASTM designation and year of issue (for example,
B 591-XX);

5.1.2 Copper Alloy UNS No. Designation (for example,
C42500);

5.1.3 Temper (see Section 8);
5.1.4 Dimensions, that is, thickness, width, length, and so

forth (see Section 12);
5.1.5 Form, that is, plate, sheet, strip, or rolled bar;
5.1.6 How furnished, that is, rolls, specific or stock lengths,

with or without ends;
5.1.7 Quantity, that is, total weight each form, temper, and

size; and
5.1.8 When material is purchased for agencies of the U.S.

Government the requirements of Section 11 shall apply.
5.2 The following options are available under this specifi-

cation and should be specified in the contract or purchase order
when required:

5.2.1 Type of edge, that is, slit, sheared, sawed, square
corners, round corners, rounded edges, or full rounded edges,
and

5.2.2 Width and straightness tolerances (see Section 12).

6. Materials and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be Copper Alloy

UNS No. C40500, C41100, C41300, C41500, C42200,
C42000, C43300, C43400, C40810, C40850, C40860, or
C42520 as specified in the ordering information.

6.1.2 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 1—Because of the discontinuous nature of the processing of
castings into wrought products, it is not always practical to identify a
specific casting analysis with a specific quantity of finished material.

6.2 Manufacture:

6.2.1 The product shall be manufactured by such hot work-
ing, cold working, and annealing processes as to produce a
uniform wrought structure in the finished product.

6.2.2 The product shall be hot or cold worked to the finished
size and subsequently annealed, when required, to meet the
temper properties specified in the ordering information.

6.2.3 Edges—Slit edges shall be furnished unless otherwise
specified in the contract or purchase order.

7. Chemical Composition

7.1 The material shall conform to the chemical composi-
tional requirements specified in Table 1 for the copper alloy
UNS No. designation specified in the ordering information.

7.1.1 These composition limits do not preclude the possible
presence of other unnamed elements. Limits may be estab-
lished and analysis required for unnamed elements by agree-
ment between manufacturer or supplier and the purchaser.

7.2 Zinc, given as the “Remainder,” is the difference be-
tween the sum of the results for all elements determined and
100 %.

7.2.1 Copper may be determined by difference; however,
when so determined, the results must conform to the require-
ments of Table 1.

7.3 When all elements specified in Table 1 for the desig-
nated alloy are determined, the sum of results shall equal at
least 99.7 %.

8. Temper

8.1 As Hot Rolled (M20) Material—This standard temper of
sheet and plate produced by hot rolling, where applicable, is
shown in Table 2. (See Table 3 for SI equivalents.)

8.2 H (Rolled Material)—The standard tempers of rolled
materials are as designated in Table 2 with the prefix “H.”
Special tempers not listed in this specification are subject to
agreement between the manufacturer and the purchaser.

8.3 Annealed Material—The standard tempers of annealed
material are as designated in Table 4 in the column entitled
“Nominal Grain Size.” Special tempers not listed in this
specification are subject to agreement between the manufac-
turer and the purchaser.

8.4 Temper designations are defined in Practice B 601.

TABLE 1 Chemical Requirements

Copper Alloy
UNS No.

Composition, %

Copper Tin Lead, max Iron, max Phosphorus, max Nickel Zinc

C40500 94.0-96.0 0.7-1.3 0.05 0.05 . . . . . . remainder
C40810 94.5-96.5 1.8-2.2 0.05 0.08-0.12 0.028-0.040 0.11-0.20 remainder
C40850 94.5-96.5 2.6-4.0 0.05 0.05-0.20 0.02-0.04 0.05-0.20 remainder
C40860 94.0-96.0 1.7-2.3 0.05 0.01-0.05 0.02-0.04 0.05-0.20 remainder
C41100 89.0-92.0 0.30-0.7 0.10 0.05 . . . . . . remainder
C41300 89.0-93.0 0.7-1.3 0.10 0.05 . . . . . . remainder
C41500 89.0-93.0 1.5-2.2 0.10 0.05 . . . . . . remainder
C42200 86.0-89.0 0.8-1.4 0.05 0.05 0.35 . . . remainder
C42500 87.0-90.0 1.5-3.0 0.05 0.05 0.35 . . . remainder
C42520 88.0-91.0 1.5-3.0 0.05 0.05-0.20 0.02-0.04 0.05-0.20 remainder
C43000 84.0-87.0 1.7-2.7 0.10 0.05 . . . . . . remainder
C43400 84.0-87.0 0.40-1.0 0.05 0.05 . . . . . . remainder
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TABLE 2 Tensile Strength Requirements and Approximate Rockwell Hardness Values for Rolled Tempers

NOTE 1—Plate is generally available in only the as hot-rolled (M20) temper. Required properties for other tempers shall be agreed upon between the
manufacturer and the purchaser at the time of placing the order.

NOTE 2—See Table 3 for SI unit equivalents.

Temper Designation
Tensile Strength,

ksiA
Approximate Rockwell Hardness

B-Scale Superficial 30T

Standard Former Min Max
0.020 to 0.036 in. (0.51

to 0.91 mm), incl
Over 0.036 in.

(0.91 mm)
0.012 to 0.028 in. (0.30

to 0.71 mm), incl
Over 0.028 in.

(0.711 mm)

Copper Alloy UNS No. C40500

M20 As hot-rolled 35 50 . . . . . . . . . . . .
H01 Quarter hard 41 53 30-54 34-62 36-56 38-58
H02 Half hard 46 58 50-66 52-69 49-60 51-62
H03 Three-quarter hard 52 64 60-72 62-74 56-66 58-68
H04 Hard 58 70 66-76 68-78 60-68 62-70
H06 Extra hard 63 75 71-78 72-80 65-71 66-73
H08 Spring 68 80 75-81 76-83 67-72 68-74
H10 Extra spring 73 84 78-83 79-85 69-73 70-75

Copper Alloy UNS No. C40810

H02 Half hard 57 73 65-80 66-81 60-70 62-72
H04 Hard 76 88 78-89 80-90 67-74 69-75
H06 Extra hard 90 100 82-90 83-92 69-75 70-76
H08 Spring 94 102 85-92 86-94 71-77 72-78

Copper Alloy UNS No. C40850

H02 Half hard 57 73 65-80 67-81 60-69 62-72
H04 Hard 76 89 78-88 80-90 67-74 69-75
H06 Extra hard 90 100 82-91 83-93 69-75 70-76
H08 Spring 94 106 85-92 87-94 72-77 73-78

Copper Alloy UNS No. C40860

H02 Half hard 56 72 64-80 65-80 60-70 61-72
H04 Hard 74 87 77-89 79-90 66-74 68-75
H06 Extra hard 88 98 81-90 82-91 68-75 69-76
H08 Spring 92 105 84-92 85-94 70-77 71-78

Copper Alloy UNS No. C41100

M20 As hot-rolled 34 50 . . . . . . . . . . . .
H01 Quarter hard 42 54 32-60 34-63 37-57 38-64
H02 Half hard 49 60 51-68 52-70 50-62 51-67
H03 Three-quarter hard 55 66 62-75 63-77 58-66 59-70
H04 Hard 61 72 68-79 69-81 62-70 64-71
H06 Extra hard 67 78 74-82 76-84 66-73 67-72
H08 Spring 73 83 78-84 77-86 69-74 70-73
H10 Extra spring 78 . . . 80 and over 80 and over 70 and over 71 and over

Copper Alloy UNS No. C41300

M20 As hot-rolled 37 50 . . . . . . . . . . . .
H01 Quarter hard 45 55 34-62 35-64 40-58 39-60
H02 Half hard 50 62 52-70 53-72 51-63 51-64
H03 Three-quarter hard 58 68 64-77 66-78 59-68 60-69
H04 Hard 65 75 71-80 72-81 63-70 64-70
H06 Extra hard 70 82 77-83 78-84 67-71 68-72
H08 Spring 76 86 81-86 82-87 70-73 70-74
H10 Extra spring 81 . . . 85 and over 86 and over 72 and over 73 and over

Copper Alloy UNS No. C41500

M20 As hot rolled 38 50 . . . . . . . . . . . .
H01 Quarter hard 46 56 48-73 49-75 48-65 49-67
H02 Half hard 53 63 68-78 70-80 62-68 63-70
H03 Three-quarter hard 57 68 73-80 75-82 65-70 66-71
H04 Hard 64 75 78-85 79-87 69-72 69-74
H06 Extra hard 70 82 81-87 82-90 70-73 70-75
H08 Spring 78 89 86-92 87-93 73-76 73-77
H10 Extra spring 85 . . . 89 and over 90 and over 74 and over 75 and over

Copper Alloy UNS No. C42200

M20 As hot-rolled 40 53 . . . . . . . . . . . .
H01 Quarter hard 47 57 42-68 44-70 43-62 46-65
H02 Half hard 54 65 64-74 66-76 58-68 61-70
H03 Three-quarter hard 60 72 71-80 73-82 64-69 66-71
H04 Hard 67 79 76-83 78-85 67-71 69-73
H06 Extra hard 75 85 80-85 82-87 69-73 70-74
H08 Spring 82 92 83-88 85-90 70-74 71-75
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9. Grain Size for Annealed Tempers

9.1 Grain size shall be the standard requirement for all
products in the annealed tempers.

9.2 Acceptance or rejection based upon grain size shall
depend only on the average grain size of test specimen taken

from each of two sampling portions and each specimen shall be
within the limits prescribed in Table 4 when determined in
accordance with Test Methods E 112.

9.3 Grain size shall be determined on a plane parallel to the
flat surfaces of the product.

10. Mechanical Property Requirements

10.1 Tensile Strength Requirements:
10.1.1 Product in “H” (rolled) tempers shall conform to the

requirements prescribed in Table 2 for the temper and UNS

TABLE 2 Continued

Temper Designation
Tensile Strength,

ksiA
Approximate Rockwell Hardness

B-Scale Superficial 30T

Standard Former Min Max
0.020 to 0.036 in. (0.51

to 0.91 mm), incl
Over 0.036 in.

(0.91 mm)
0.012 to 0.028 in. (0.30

to 0.71 mm), incl
Over 0.028 in.

(0.711 mm)

H10 Extra spring 88 . . . 86 and over 86 and over 74 and over 74 and over

Copper Alloy UNS No. C42500

M20 As hot-rolled 40 54 . . . . . . . . . . . .
H01 Quarter hard 49 59 46-71 48-73 45-65 47-67
H02 Half hard 57 69 67-81 69-83 63-69 65-72
H03 Three-quarter hard 62 74 74-84 76-86 66-71 68-73
H04 Hard 70 82 81-88 83-90 70-74 72-76
H06 Extra hard 76 88 86-92 88-94 71-75 73-77
H08 Spring 84 94 89-93 91-95 73-77 74-78
H10 Extra spring 92 . . . 92 and over 92 and over 76 and over 77 and over

Copper Alloy UNS No. C42520

H02 Half hard 67 82 68-83 70-85 64-71 67-73
H04 Hard 81 96 82-90 83-92 71-76 72-78
H06 Extra hard 92 107 85-94 87-96 72-77 73-79
H08 Spring 97 112 88-96 90-98 74-79 75-81
H10 Extra spring 103 118 91-101 92-102 76-82 77-83

Copper Alloy UNS No. C43000

M20 As hot-rolled 40 55 . . . . . . . . . . . .
H01 Quarter hard 47 60 41-68 45-72 47-64 50-67
H02 Half hard 55 69 64-79 67-82 58-70 60-72
H03 Three-quarter hard 65 78 72-83 75-86 64-72 66-74
H04 Hard 72 84 78-87 80-89 68-75 70-77
H06 Extra hard 83 93 83-89 85-91 70-77 72-79
H08 Spring 89 98 87-92 89-94 74-79 75-80
H10 Extra spring 90 . . . 89 and over 91 and over 75 and over 76 and over

Copper Alloy UNS No. C43400

M20 As hot-rolled 37 50 . . . . . . . . . . . .
H01 Quarter hard 45 58 39-64 43-68 45-61 48-64
H02 Half hard 52 66 55-74 58-77 56-68 58-70
H03 Three-quarter hard 61 74 65-77 68-80 64-70 64-72
H04 Hard 68 80 73-84 75-86 65-74 67-76
H06 Extra hard 78 89 76-87 78-89 69-76 71-78
H08 Spring 85 94 81-89 83-91 73 and over 74-79
H10 Extra spring 88 . . . 83 and over 85 and over 74 and over 75 and over

Aksi = 1000 psi.

TABLE 3 Tensile Strength Conversion Values for Table 2

ksi MPa ksi MPa ksi MPa ksi MPa

41 [283] 61 [424] 79 [545] 94 [648]
42 [290] 62 [427] 80 [552] 95 [655]
44 [303] 63 [434] 81 [558] 96 [662]
45 [310] 64 [441] 82 [565] 97 [669]
46 [317] 65 [448] 83 [572] 98 [676]
47 [324] 66 [455] 84 [579] 99 [683]
49 [338] 67 [462] 85 [586] 100 [689]
50 [345] 68 [469] 86 [593] 102 [703]
52 [359] 69 [476] 87 [600] 103 [710]
53 [365] 70 [483] 88 [607] 105 [723]
54 [372] 72 [496] 89 [614] 106 [730]
56 [386] 73 [503] 90 [621] 107 [737]
57 [393] 74 [510] 91 [627] 112 [772]
58 [400] 75 [517] 92 [634] 118 [813]
59 [407] 76 [524] 93 [641]
60 [414] 78 [538]

TABLE 4 Grain Size Requirements for Annealed Material

Copper Alloy UNS No.
Temper

Designation

Average Grain Size, mm

Nominal Min Max

C40500, C40810, OS035 0.035 0.025 0.050
C40850, C40860, OS025 0.025 0.015 0.035
C41100, C41300, OS015 0.015 A 0.025
C41500, C42200,
C42500, C42520,
C43000, and C43400

AAlthough no minimum grain size is required, this material shall be fully
recrystallized.
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Alloy Number specified in the ordering information when
tested in accordance with Test Methods E 8.

10.1.2 Test specimens shall be taken so that the longitudinal
axis is parallel to the direction of rolling.

10.2 Rockwell Hardness Requirements—The approximate
Rockwell values given in Table 2 and Table 5 are given for
general information and assistance in testing and shall not be
used as a basis for rejection.

NOTE 2—The Rockwell hardness test offers a quick and convenient
method of checking for general conformity to the specification require-
ments for temper, tensile strength, and grain size.

11. Other Requirements

11.1 Purchases for U.S. Government Agencies—When
identified in the contract or purchase order, product purchased
for agencies of the U.S. Government shall conform to the
special government-stipulated requirements in the supplemen-
tal requirements given in Specification B 248.

12. Dimensions, Mass, and Permissible Variations

12.1 The dimensions and tolerances for product described
by this specification shall be as specified in Specification
B 248, with particular reference to the following tables and
related paragraphs in that specification:

12.1.1 Thickness—Tolerances as in Table 1.
12.1.2 Width:
12.1.2.1 Tolerances for slit metal and slit metal with rolled

edges as in Table 4.
12.1.2.2 Tolerances for square-sheared metal as in Table 5.
12.1.2.3 Tolerances for sawed metal as in Table 6.
12.1.3 Length:
12.1.3.1 Tolerances for straight lengths as in Table 7.
12.1.3.2 Schedule of minimum lengths with ends as in Table

8.
12.1.3.3 Tolerances for squared-sheared metal as in Table 9.
12.1.3.4 Tolerances for sawed metal as in Table 10.
12.1.4 Straightness:
12.1.4.1 Tolerances for slit metal or slit metal either

straightened or edge rolled as in Table 11.
12.1.4.2 Tolerances for squared-sheared metal as in Table

12.
12.1.4.3 Tolerance for squared-sheared metal as in Table 13.
12.1.5 Edges:
12.1.5.1 Tolerances for radius of square edges as in Table

14.
12.1.5.2 Tolerances for radius of round corners as in Table

15.
12.1.5.3 Tolerances for radius of round edges as in Table 16.
12.1.5.4 Tolerances for radius of full rounded edges as in

Table 17.

13. Sampling

13.1 Chemical Analysis:
13.1.1 The sample for chemical analysis shall be taken from

the pieces selected and combined into one composite sample in
accordance with Practice E 255 for product in its final form.
The minimum weight of the composite sample shall be 150 g.

13.1.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of taking
samples at the time the castings are poured or by taking
samples form the semi-finished product.

13.1.2.1 When composition of the material has been deter-
mined during the course of manufacture, sampling of the
finished product by the manufacturer is not required.

13.1.3 The number of samples to be taken for determination
of chemical composition shall be as follows:

13.1.3.1 When sampled at the time the castings are poured,
at least one sample shall be taken for each group of castings
poured from the same source of molten metal.

13.1.3.2 When sampled from the semi-finished product, at
least one sample shall be taken to represent each 10 000 lb or
fraction thereof, except that not more than one sample shall be
required per piece.

13.1.3.3 Only one sample needs to be taken from the
semi-finished product of one cast bar from a single furnace
melt charge continuously processed.

TABLE 5 Approximate Rockwell Hardness of Annealed Material

Temper
Designation

Annealed Temper
Nominal Grain Size

Approximate Rockwell HardnessA

F Scale Superficial 30T
OS035 0.035 51-60 2-16
OS025 0.025 55-61 8-18
OS015 0.015 60-75 16-37

Copper Alloy UNS No. C41100
OS035 0.035 57-63 15-26
OS025 0.025 62-69 21-32
OS015 0.015 63-75 26-37

Copper Alloy UNS No. C41300
OS035 0.035 58-66 17-27
OS025 0.025 63-72 22-33
OS015 0.015 66-79 27-42

Copper Alloy UNS No. C41500
OS035 0.035 61-67 20-28
OS025 0.025 63-73 22-35
OS015 0.015 67-81 28-44

Copper Alloy UNS No. C42200
OS035 0.035 62-68 24-29
OS025 0.025 65-74 26-36
OS015 0.015 68-86 29-61

Copper Alloy UNS No. C42500
OS035 0.035 67-73 28-35
OS025 0.025 69-75 30-42
OS015 0.015 73-90 35-55

Copper Alloy UNS No. C43000
OS035 0.035 63-74 20-39
OS025 0.025 65-79 25-42
OS015 0.015 68-85 28-50

Copper Alloy UNS No. C43400
OS035 0.035 59-69 19-24
OS025 0.025 60-70 20-32
OS015 0.015 63-76 20-39

ARockwell hardness values apply as follows: The F scale applies to metal 0.020
in. (0.5 mm) in thickness and over; the 30T scale applies to metal 0.015 in. (0.38
mm) in thickness and over.
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14. Test Methods

14.1 Chemical Analysis:
14.1.1 Chemical composition shall be determined, in case of

disagreement, by the following appropriate method:
Element Test Method

Copper E 478
Iron E 76 (AA)
Lead E 478 (AA)
Nickel E 478 (Photometric)
Phosphorus E 62
Tin E 478 (Photometric)
Zinc E 478 (AA)

14.1.2 Test methods(s) used for the determination of ele-
ment(s) required by contractual or purchase order agreement
shall be as agreed upon between the manufacturer and the
purchaser.

15. Keywords

15.1 copper-zinc-tin alloy plate; copper-zinc-tin alloy rolled
bar; copper-zinc-tin alloy sheet; copper-zinc-tin alloy strip;
copper-zinc-tin-iron-nickel alloy plate; copper-zinc-tin-iron-
nickel alloy rolled bar; copper-zinc-tin-iron-nickel alloy sheet;
copper-zinc-tin-iron-nickel alloy strip

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue, B 591-98,
that may impact the use of this standard.

(1) Title has been changed to include copper-zinc-tin-iron-
nickel alloys.
(2) Added to the Scope, Section 1.
(3) Added to 6.1.1.
(4) Added to Table 1.
(5) Added to 8.1.

(6) Added to Table 2.

(7) Added to Table 3.

(8) Added to Table 4.

(9) Added to 14.1.1.

(10) Added to Keywords, Section 15.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 592 – 01

Standard Specification for
Copper-Zinc-Aluminum-Cobalt Alloy, Copper-Zinc-Tin-Iron
Alloy Plate, Sheet, Strip, and Rolled Bar 1

This standard is issued under the fixed designation B 592; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification covers the requirements for plate,
sheet, strip, and rolled bar in alloys C66300 and C68800.2

NOTE 1—Since alloy C68800 is frequently used in a variety of
applications where yield strength and stress-corrosion resistance may be
critical, it is recommended that drawings or samples of the part to be
fabricated and details of application be submitted for use in establishing
temper and treatment of material.

NOTE 2—Alloy C66300 is covered by a patent. Interested parties are
invited to submit information regarding the identification of an alterna-
tive(s) to this patented item to the ASTM headquarters. Your comments
will receive careful consideration at a meeting of the responsible technical
committee, which you may attend.

1.2 Values stated in inch-pound units are to be regarded as
the standard. Values given in parentheses are for information
only.

2. Referenced Documents

2.1 The following documents of the issue in effect on the
date of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 248 Specification for General Requirements for Wrought

Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar3

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

E 8 Test Methods forTension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys5

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys5

E 112 Test Methods for Determining Average Grain Size4

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition5

E 478 Test Methods for Chemical Analysis of Copper
Alloys6

E 527 Practice for Numbering Metals and Alloys (UNS)

3. General Requirements

3.1 The following sections of Specification B 248 constitute
a part of this specification:

3.1.1 Terminology—Definitions,
3.1.2 Materials and Manufacturing,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling, except for chemical analysis,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods, except for chemical analysis,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Test Reports (Mill),
3.1.13 Packaging and Package Marking, and
3.1.14 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1, above, appears in this specification, it
contains additional requirements which supplement those ap-
pearing in Specification B 248.

4. Terminology

4.1 Definitions—For definitions of terms used in this
specification, refer to Terminology B 846.

4.2 Definition of Term Specific to This Standard:
4.2.1 capable of—having the properties necessary for con-

formance to specification requirements when subjected to a
referenced test method.

5. Ordering Information

5.1 Contracts or purchase orders for product under this
specification should include the following information:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved April 10, 2001. Published August 2001. Originally
published as B 592 – 73. Last previous edition B 592 – 98.

2 The American Society for Testing and Materials takes no position respecting
the validity of any patent rights asserted in connection with any item mentioned in
this standard. Users of this standard are expressly advised that determination of the
validity of any such patent rights, and the risk of infringement of such rights are
entirely their own.

3 Annual Book of ASTM Standards,Vol 02.01.
4 Annual Book of ASTM Standards,Vol 03.01.
5 Annual Book of ASTM Standards,Vol 03.05. 6 Annual Book of ASTM Standards,Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.



5.1.1 ASTM designation and year of issue (for example,
B 592 - XX),

5.1.2 Copper Alloy UNS No. designation (for example,
C68800),

5.1.3 Temper (see Section 8),
5.1.4 Dimensions, that is, thickness, width, length, etc. (see

Section 13),
5.1.5 Form, that is, plate, sheet, strip, or rolled bar,
5.1.6 How furnished, that is, coils, specific lengths or stock

lengths, with or without ends,
5.1.7 Quantity, that is, total weight each form, temper, and

size, and
5.1.8 Whether material is purchased for agencies of the U.S.

Government (see Section 12).
5.2 The following options are available under this specifi-

cation and should be specified in the contract or purchase order
when required:

5.2.1 Type of edge, that is, slit, sheared, sawed, square
corners, round corners, rounded edges, or full rounded edges,
and

5.2.2 Width and straightness tolerances (see Section 13).

6. Material and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be a cast bar, cake,

slab, etc., of Copper Alloy UNS C66300 or C68800 of such
purity and soundness as to be suitable for process in to the
products prescribed herein.

6.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 3—Due to the discontinuous nature of the processing of castings
into wrought products, it is not always practical to identify a specific
casting analysis with a specific quantity of finished material.

6.2 Manufacturer:
6.2.1 The product shall be manufactured by such hot work-

ing, cold working, and annealing processes as to produce a
uniform wrought structure in the finished product.

6.2.2 The product shall be hot- or cold-worked to the
finished size and subsequently annealed, when required, to
meet the temper properties specified.

6.2.3 Edges—Slit edges shall be furnished unless otherwise
specified in the contract or purchase order.

7. Chemical Composition

7.1 The material shall conform to the chemical composition

requirements specified in Table 1.
7.2 These composition limits do not preclude the presence

of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

7.3 For alloys in which copper is listed as “Remainder,”
copper is the difference between the sum of results of all
elements determined and 100 %. When all elements in Table 1
are determined, the sum of the results shall equal at least
99.5 %.

8. Temper

8.1 Products fabricated from these alloys are available in the
tempers listed in Table 2 as defined in Classification B 601.

8.1.1 Rolled (H)—The standard tempers for rolled material
are as designated in Table 2 with the prefix “H”. Former
designations and the standard designations as defined in
Classification B 601 are shown.

8.1.2 Anneal to Temper (O)—The standard tempers of
annealed-to-temper material are as designated in Table 2 with
the prefix “O”. Former designations and the standard designa-
tions as defined in Practice B 601 are shown.

9. Grain Size for Annealed Tempers

9.1 Although no grain size has been established, the product
must be fully recrystallized as determined by Test Method
E 112.

10. Physical Property Requirements

10.1 The electrical resistivity requirement of Copper Alloys
UNS C66300 and UNS C68800 are listed in Table 3 for
information only.

11. Mechanical Property Requirements

11.1 Tensile Strength Requirements:
11.1.1 Product furnished under this specification will con-

form to the tensile requirements prescribed in Table 2 when
tested in accordance with Test Methods E 8.

11.1.2 Acceptance or rejection based upon mechanical
properties shall depend only on tensile strength.

11.2 Rockwell Hardness Requirements—The approximate
Rockwell hardness values given in Table 2 are for general
information and assistance in testing and shall not be used as a
basis for product rejection.

NOTE 4—The Rockwell hardness test as determined by Test Methods

TABLE 1 Chemical Requirements

Composition, % Composition, %

Element Copper Alloy UNS No. Element Copper Alloy UNS No.

C68800 C66300

Copper, incl silver remainder Copper, incl silver 84.5–87.5
Aluminum 3.0–3.8 Aluminum . . .
Zinc 21.3–24.1 Zinc remainder
Zinc + aluminum 25.1–27.1 Zinc + aluminum . . .
Cobalt 0.25–0.55 Cobalt 0.20 max
Nickel . . . Nickel . . .
Lead 0.05 max Lead 0.05 max
Iron 0.20 max Iron . . .

Iron + Cobalt 1.4–2.4
Tin 1.5–3.0
Phos .35 max
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E 18 offers a quick and convenient method of checking for general
conformity to the specification requirements for temper, tensile strength,
and grain size.

12. Other Requirements

12.1 Purchases for U.S. Government Agencies—When
identified in the contract or purchase order, product purchased
for agencies of the U.S. Government shall conform to the
special government requirements stipulated in the supplemen-
tal requirements given in Specification B 248.

13. Dimension, Mass, and Permissible Variations

13.1 The dimensions and tolerances for product described
by this specification shall be as specified in Specification B 248
with particular reference to the following tables and related
paragraphs in that specification:

13.1.1 Thickness—Tolerances, Table 1.
13.1.2 Width:
13.1.2.1Tolerances for Slit Metal and Slit Metal with Rolled

Edges—Table 4.

13.1.2.2Tolerances for Square Sheared Metal—Table 5.
13.1.2.3Tolerances for Sawed Metal—Table 6.
13.1.3 Length:
13.1.3.1Tolerances for Straight Lengths—Table 7.
13.1.3.2Schedule of Minimum Lengths with Ends—Table 8.
13.1.3.3Tolerances for Square Sheared Metal—Table 9.
13.1.3.4Tolerances for Sawed Metal—Table 10.
13.1.4 Straightness:
13.1.4.1Tolerances for Slit Metal or Slit Metal Either

Straightened or Edge Rolled—Table 11.
13.1.4.2Tolerances for Squared-Sheared Metal—Table 12.
13.1.4.3Tolerances for Sawed Metal—Table 13.
13.1.5 Edges:
13.1.5.1Tolerances for Radius of Square Edges—Table 14.
13.1.5.2Tolerances for Radius of Round Corners—Table

15.
13.1.5.3Tolerances for Radius of Rounded Edges—Table

16.
13.1.5.4Tolerances for Radius of Full-Rounded Edges—

Table 17.

14. Sampling

14.1 Chemical Analysis:
14.1.1 The sample for chemical analysis shall be taken from

the pieces selected and combined into one composite sample in
accordance with Practice E 255 for product in its final form.
The minimum weight of the composite sample shall be 150 g.

14.1.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of taking
samples at the time the castings are poured or by taking
samples from the semi-finished product.

14.1.2.1 When composition of the material has been deter-
mined during the course of manufacture, sampling of the
finished product by the manufacturer is not required.

14.1.3 The number of samples to be taken for determination

TABLE 2 Mechanical Requirements

Temper DesignationA Tensile Strength, ksiB (MPaC) Approximate Rockwell Hardness

Standard Former Min Max
B Scale 0.020 in.

(0.51 mm) and
Over

30T Scale 0.012 in.
(0.31 mm) and

Over

Copper Alloy UNS No. C68800

O61 annealed 77 (530) 87 (600) . . . 63–74

Copper Alloy UNS No. C68800

H01 quarter-hard 87 (600) 101 (695) 86–95 75–81
H02 half-hard 97 (670) 112 (770) 93–97 80–82
H04 hard 106 (730) 120 (825) 96–98 82–83
H06 extra-hard 113 (780) 127 (875) 97–99 82–84
H08 spring 123 (850) 133 (915) 98–100 83–84
H10 extra-spring 125 (863) . . . 99 84

Copper Alloy UNS No. C66300

O82 annealed to temper–1⁄2hard 58 (400) 73 (503) 65–81 . . .

Copper Alloy UNS No. C66300

H04 hard 76 (524) 91 (627) 84–91 68–77
H06 extra hard 88 (607) 103 (710) 87–94 75–83
H08 spring 95 (655) 110 (758) 92–96 79–87
H10 extra spring 100 (689) 114 (786) 94–97 82–88
H14 super spring 105 (724) 95 min 85 min

A Standard designation defined in Practice B 601.
B ksi = 1000 psi.
C See Appendix X1.

TABLE 3 Electrical Resistivity

Copper Alloy UNS C66300

Temper
Electrical Resistivity

at 20 °C (68 °F),
V · g/m2

Equivalent Conductivity
at 20 °C (68 °F),

% IACS

H04, H06, H08, H10, H14 0.6148 25 % min
HR04, HR08, HR10 0.6148 25 % min
O82 (1⁄2 HD ATT) 0.6148 25 % min

Copper Alloy UNS C68800

Temper Electrical Resistivity
at 20 °C (68 °F),

V · g/m2

Equivalent Conductivity
at 20 °C (68 °F),

% IACS

H01 H02, H04, H06, H08, H10 0.5768 18 % min
O61 0.5768 18 % min
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of chemical composition shall be as follows:
14.1.3.1 When sampled at the time the castings are poured,

at least one sample shall be taken for each group of castings
poured from the same source of molten metal.

14.1.3.2 When sampled from the semi-finished product, at
least one sample shall be taken to represent each 10 000 lb, or
fraction thereof, except that not more than one sample shall be
required per piece.

14.1.3.3 Only one sample need be taken from the semi-
finished product of one cast bar from a single furnace melt
charge continuously processed.

15. Test Methods

15.1 Chemical Analysis—Chemical composition shall, in
case of disagreement, be determined as follows:

Element ASTM Test Method
Aluminum E 478
Cobalt E 75 (Photometric)

Copper E 478
Iron E 76 (AA)
Lead E 478 (AA)
Nickel E 478 (Photomet-

ric)
Zinc E 478 (AA)

15.1.1 Test method(s) to be followed for the determination
of element(s) resulting from contractual or purchase order
agreement shall be as agreed upon between the manufacturer
and the purchaser.

16. Keywords

16.1 copper-zinc-aluminum-cobalt alloy plate; copper-zinc-
aluminum-cobalt alloy rolled bar; copper-zinc-aluminum-
cobalt alloy sheet; copper-zinc-aluminum-cobalt alloy strip;
copper-zinc-tin-iron alloy plate; copper-zinc-tin-iron alloy
rolled bar; copper-zinc-tin-iron alloy sheet; copper-zinc-tin-
iron alloy strip

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg · m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 592 – 98)
that may impact the use of this standard.

(1) Alloy C66300 was added to the scope of this standard.
(2) Alloy C66300 tempers were added to Table 2

(3) Alloy C66300 chemistry was added to Table 1.
(4) Table 3 was added.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Designation: B 593 – 96 (Reapproved 2003) e1

Standard Test Method for
Bending Fatigue Testing for Copper-Alloy Spring Materials 1

This standard is issued under the fixed designation B 593; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

e1 NOTE—Paragraph 1.2 was updated editorially in January 2004.

1. Scope*

1.1 This test method describes procedures for the determi-
nation of the reversed or repeated bending fatigue properties of
copper alloy flat-sheet or strip-spring materials by fixed canti-
lever, constant amplitude of displacement-type testing ma-
chines. This method is limited to flat stock ranging in thickness
from 0.005 to 0.062 in. (0.13 to 1.57 mm), to a fatigue-life
range of 105 to 108 cycles, and to conditions where no
significant change in stress-strain relations occurs during the
test.

NOTE 1—This implies that the load-deflection characteristics of the
material do not change as a function of the number of cycles within the
precision of measurement. There is no significant cyclic hardening or
softening.

1.2 Units—The values stated in inch-pound units are re-
garded as standard. The values given in parentheses are
mathematical conversions to SI units that are provided for
information purposes only and are not considered standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 206 Definitions of Terms Relating to Fatigue Testing and

the Statistical Analysis of Fatique Data2

E 468 Practice for Presentation of Constant Amplitude Fa-
tigue Test Results for Metallic Materials3

3. Terminology

3.1 For terminology relating to this test method, refer to
Definitions E 206 and Practice E 468.

4. Summary of Test Method

4.1 A prepared test specimen of a specific wrought copper
alloy flat-sheet or strip-spring material is mounted into a fixed
cantilever, constant-deflection type fatigue testing machine.
The specimen is held at one end, acting as a cantilever beam,
and cycled by flexure followed by reverse flexure until
complete failure. The number of cycles to failure is recorded as
a measure of fatigue-life.

5. Significance and Use

5.1 The flexural fatigue test described in this test method
provides information on the ability of a copper alloy flat-spring
material to resist the development of cracks or general me-
chanical deterioration as a result of a relatively large number of
cycles (generally in the range 105 to 108) under conditions of
constant displacement.

5.2 This test method is primarily a research and develop-
ment tool which may be used to determine the effect of
variations in materials on fatigue strength and also to provide
data for use in selecting copper alloy spring materials for
service under conditions of repeated strain cycling.

5.3 The results are suitable for direct application in design
only when all design factors such as loading, geometry of part,
frequency of straining, and environmental conditions are
known. The test method is generally unsuitable for an inspec-
tion test or a quality control test due to the amount of time and
effort required to collect the data.

6. Apparatus

6.1 Testing Machine—The fatigue testing machine is a
fixed-cantilever, constant-deflection type. In this machine (Fig.
1) the test specimen shall be held as a cantilever beam in a
clamp at one end and deflected by a concentrated load applied
near the other end of the apex of the tapered section (Fig. 2).
Either the clamp or the loading member may be adjusted so
that the deflection of the free end of the cantilever is either
completely reversed (mean displacement equal to zero) or
greater in one direction of bending (mean displacement not
equal to zero).

1 This test method is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.06 on
Methods of Test.

Current edition approved Apr. 10, 2003. Published June 2003. Originally
approved in 1973. Last previous edition approved in 1996 as B593 – 96.

2 Discontinued, see 1986Annual Book of ASTM Standards, Vol 03.01.
3 Annual Book of ASTM Standards, Vol 03.01.

1

*A Summary of Changes section appears at the end of this standard.
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6.2 A suitable counter and monitoring circuit is required to
provide a direct readout of the number of cycles to complete
failure, that is, separation into two pieces.

7. Test Specimen

7.1 The test specimen shall be of the fixed-cantilever type.
Several such specimens which have been used successfully are
shown in Fig. 2.

7.2 It is important, therefore, that care be exercised in the
preparation of test specimens, particularly in machining, to
assure good workmanship. Improperly prepared test specimens
cause unsatisfactory test results.

7.2.1 The specimens are best prepared by cross milling a
stack, approximately 0.75 in. (19 mm) thick, including back-up
plates, for which 0.12-in. (3-mm) thick brass sheet stock may
be used.

7.2.1.1 It is necessary to ensure that any cutting or machin-
ing operation required to either rough cut the test specimen
from the blank, or to machine it to size does not appreciably
alter the metallurgical structure or properties of the material.
All cuts taken in machining should be such as to minimize
work hardening of the test specimen.

7.2.1.2 In selecting cutting speeds and feed rates, due regard
should be paid to the test-specimen material, and for finishing
cuts, to the quality of the surface finish required.

NOTE 2—It is not practicable to recommend a single procedure for
feeds, speeds, and depth of cut, since this will vary with the material
tested. The procedure used, however, should be noted in reporting test
results, since differences in procedure may produce variability in test
results among different laboratories.

7.3 The test specimen surface shall be in the as-received
condition. The edges shall not be roughed or smoothed, since

this tends to give an apparent higher fatigue strength.4 Burrs,
however, may be removed by light stoning.

7.4 Test specimens from material that is used in a thermally
treated condition, such as precipitation hardened or stress
relieved, shall be treated in a manner reflecting the way the
material will be used. The procedure used should be noted in
reporting test results.

8. Calculation of Stress

8.1 The maximum bending stress is calculated by using the
simple beam equation:

S5 6PL/bd2 (1)

where:
S = desired bending stress, lb/in.2,
P = applied load at the connecting pin (apex of triangle), lb,
L = distance between the connecting pin and the point of

stress, in.,
b = specimen width at length L from point of load appli-

cation, in., and
d = specimen thickness, in.

9. Machine Calibration

9.1 A loading fixture such as that shown in Fig. 3 may be
used to determine the load-deflection characteristics of the
specimen. In this fixture the specimen deflection and change in
moment arm under load are measured with the two microme-
ters for a given load. The vertical micrometer measures the

4 George, R. G., and Mantle, J. B., “The Effect of Edge Preparation on the
Fatigue Life of Flat-Plate Specimens”,Materials Research and Standards, MTRSA,
Am. Soc. Testing Mats., December 1962, p. 1000.

FIG. 1 Fatigue Machines
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deflection of loading pin,d, which follows the motion of the
apex formed by the tapered sides. The horizontal micrometer,
e, measures the foreshortening of the moment arm as applied to
the same locus. An average load-deflection curve is then
plotted from this corrected data. A minimum of three speci-
mens should be used in this determination, representing the
minimum, mean, and maximum thicknesses of the material.

9.1.1 Electrical resistance strain gages may be attached to
the specimen for simultaneous strain measurement. Adequate

correction should be made, however, to compensate for gage
thickness and possible stiffening of the test specimen, espe-
cially for thin stock.5

9.1.2 Measure the machine displacement under dynamic
conditions. This may be accomplished by optical means. Use
specimens having foil-type electrical resistance strain gages
mounted on the tapered area to verify that static and dynamic
strains gages mounted on the tapered area to verify that static
and dynamic strains are identical for a given displacement.
From the load-deflection curve, plot a stress versus deflection

5 Perry, C. C., and Lissner, H. R.,Strain Gage Primer, McGraw-Hill, New York,
NY.

NOTE 1—All dimensions are in inches: in.3 25.4 = mm.
FIG. 2 Sheet or Strip Fatigue Test Specimens
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curve using as an approximation the distance from the load
point to the center of the tapered specimen area and the width
at that point forL andb, respectively.

NOTE 3—Since the specimen normally fails in the tapered region which
is designed to have a very nearly uniform outer fiber strain, the error
between this calculated stress value and that at the point of failure is small.

10. Procedure

10.1 Mount the test specimens in the machine and flex to
failure, that is, separation into two pieces. Determine the
number of specimens and displacement levels required for a
given sample by consulting ASTM STP 91-A.6

11. Report

11.1 Prepare reports in accordance with Practice E 468.

12. Precision and Bias

12.1 Precision—The following parameters are reported to
impact upon the precision of this test method:

12.1.1 Characteristics of the specimen such as orientation of
grains relative to the axial stress, grain size, residual stress,
previous strain history, dimensions.

12.1.2 Testing conditions such as alignment of the speci-
men, temperature variations, conditions of test equipment, ratio
of error in load to the range in load values.

12.2 Bias—A statement of bias of this method requires
reference standard values for one or more materials based on
many measurements or round robin test data.7,8 Such standard
reference values or test data are presently not available.

13. Keywords

13.1 bending fatigue; bending fatigue testing; copper alloy
flat strip; copper alloy spring; fatigue testing

6 A Guide for Fatigue Testing and the Statistical Analysis of Fatigue Data,
Second Edition,ASTM STP 91-A, AST-TA, 1963.

7 Torrey, M. N., and Gohn, G. R., “A Study of the Statistical Treatments of
Fatigue Data”,Proceedings ASTM, Vol 56, p. 1091, 1956.

8 Torrey, M. N., Gohn, G. R., and Wilk, M. B., “A Study of The Variability in The
Mechanical Properties of Alloy A Phosphor Bronze Strip”,Proceedings ASTM, Vol
58, p. 893, 1958.

FIG. 3 Load deflection test fixture for standard Bell Telephone Laboratories sheet metal fatigue test specimen
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue
(B 593-85 (1990)) that may impact the use of this standard.

(1) Added Summary of Test Method and Keywords sections.
(2) Revised other sections to accomodate current ASTM form

and style requirements.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 598 – 98 (Reapproved 2004)

Standard Practice for
Determining Offset Yield Strength in Tension for Copper
Alloys 1

This standard is issued under the fixed designation B 598; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This practice establishes the requirements for determin-
ing offset yield strength (0.01 %, 0.02 %, and 0.05 % offset) at
room temperature. It is intended for copper alloys in tempers
commonly used for spring applications, and materials thicker
than 0.010 in. (0.25 mm).

1.1.1 The primary application of this practice is intended for
flat strip materials that are used for springs; however, this
practice can be used for other product forms, such as wire, rod,
and bar.

1.2 The values stated in inch pound units are the standard.
The SI values given in parentheses are for information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents in effect on the date that the
material is tested form a part of this practice, to the extent
referenced herein:

2.2 ASTM Standards:2

E 4 Practices for Force Verification of Testing Machines
E 6 Terminology Relating to Methods of Mechanical Test-

ing
E 8 Test Methods for Tension Testing of Metallic Materials
E 74 Practice for Calibration of Force Measuring Instru-

ments for Verifying the Load Indication of Testing Ma-
chines

E 83 Practice for Verification and Classification of Exten-
someters

3. Terminology

3.1 The definitions of terms relating to mechanical testing in
Terminology E 6 apply.

4. Summary of Practice

4.1 To determine the offset yield strength, it is necessary to
acquire data (autographic or numerical) from which a stress-
strain diagram may be drawn. The stress at which a specified
deviation of strain from the linear portion of the stress-strain
curve occurs is the yield strength at that particular offset.

5. Significance and Use

5.1 This practice may be used for approximating a limiting
design stress at room temperature and, in some cases, for
approximating the range of elastic behavior. Elastic limit, or
the greatest stress that a material is capable of sustaining
without any permanent strain remaining upon complete release
of the stress, is a more technically accurate design parameter;
however, the elastic limit is extremely difficult to measure in
routine testing. Caution should be used in applying such values
to predict the behavior of flat or wire springs in bending,
torsion or other stress modes, or at temperatures other than that
at which the determination is made.

6. Apparatus

6.1 Standard testing machine of adequate capacity, con-
forming to the requirements of Practices E 4 and E 74.

6.2 Class B-1 or more accurate Extensometers,conforming
to the requirements of Practice E 83 and suitable to the tension
test specimen required for the application.

6.3 Extensometer Calibrator,or similar device accurate to
0.00002 in. (0.0005 mm).

7. Test Specimen

7.1 Tension test specimens shall be selected from Test
Methods E 8 as appropriate for the product form.

1 This practice is under the jurisdiction of ASTM Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.06 on Methods
of Test.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1974. Last previous edition approved in 1998 as B 598 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.
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8. Procedure

8.1 Follow the accepted practices for preparation to perform
a tension test in accordance with Test Methods E 8. Special
care in the preparation of thin-gage samples, including contour
and edge preparation should be used.

8.2 Select the load range so that the yield strength falls
within the upper half of the chart load range used. Choose a
strain magnification so that the 0.0001, 0.0002 or 0.0005-in./in.
(or mm/mm) increment of strain can be readily determined
from the chart.

8.3 Apply a preload of nominally 10 % of the known or
anticipated offset yield strength to the test specimen to align the
grips and to remove all slack and curvature from the specimen.

8.4 Seat the extensometer firmly on the test specimen while
maintaining the preload. Apply the load uniformly until the
desired testing speed is attained. The rate of stress application
shall not exceed 100 000 psi/min (12 MPa/s). Take care that the
recording equipment is functioning correctly and indicating the
load properly.

8.5 Remove the extensometer when the curve indicates
adequate departure from linear behavior to reveal the desired
offset, without stopping the test.

8.6 Determine the offset yield strength from the stress-strain
diagram as described in Test Methods E 8.

9. Calculation and Report

9.1 Determine the load where the offset line intersects the
stress-strain curve. This load in pounds divided by the original

cross section area is the yield strength and is reported as yield
strength (offset value).

10. Precision and Bias

10.1 Precision—The following parameters are reported to
impact upon the precision of this practice:

10.1.1 Characteristics of the specimen such as orientation of
grains relative to the axial stress, grain size, residual stress,
previous strain history, dimensions, and eccentricity.

10.1.2 Testing conditions such as alignment of the speci-
men, speed of testing, temperature, temperature variations,
conditions of test equipment, ratio of error in load to the range
in load values, and ratio of error in extension measurement to
the range in extension values.

10.1.3 Interpretation of data such as whether graphical or
digital data were taken, calibration of recording or data-logging
device, number of data pairs used to obtain slope of stress-
strain curve.

10.2 Bias—A statement of bias of this practice requires
reference standard values for one or more materials based on
many measurements or round-robin test data. Such standard
reference values or test data are presently not available.

11. Keywords

11.1 offset yield; tensile test; yield strength

SUMMARY OF CHANGES

This section identifies the principle changes to this practice that have been incorporated since the 1992 issue
as follows.

(1) The practice has been extensively, editorially revised. No
technical changes have been made.

(2) Section 1.1.1 was added for amplification.
(3) Sections 1.2, 4, 5, and 7 were reworded for clarification.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 601 – 02

Standard Classification for
Temper Designations for Copper and Copper Alloys—
Wrought and Cast 1

This standard is issued under the fixed designation B 601; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This is a classification of temper designations for copper
and copper alloys—wrought and cast. The temper designations
are classified by the process or processes used in manufactur-
ing the product involved and its resulting qualities. It is not a
specification of copper and copper alloy products.

1.2 The property requirements for the tempers are given in
the applicable product specification.

2. Referenced Documents

2.1 ASTM Standards:
B 846 Terminology for Copper and Copper Alloys2

3. Terminology

3.1 For terminology related to copper and copper alloys,
refer to Terminology B 846.

4. Significance and Use

4.1 Significance—This classification establishes an alpha-
numeric code of the tempers of copper and copper alloy
products.

4.2 Use—The alphanumeric code is used to designate prod-
uct tempers in specifications and published data.

4.2.1 The letters in the code identify the type of process
used to produce the product temper. For example, “H” indi-
cates a temper resulting from cold working.

NOTE 1—These letters are frequently the same as those used in temper
systems of other metal products.

5. Classification of Tempers

5.1 Annealed Tempers, O—Tempers produced by annealing
to meet mechanical property requirements.

5.2 Annealed Tempers, OS—Tempers produced by anneal-
ing to meet standard or special grain size requirements.

5.3 Manufactured Tempers, M—Tempers produced in the
product by the primary manufacturing operations of casting
and hot working and controlled by the methods employed in
the operations.

5.4 Cold-Worked Tempers, H—Tempers produced by con-
trolled amounts of cold work.

5.5 Cold-Worked (Drawn), Stress-Relieved Tempers, HR—
Tempers produced by controlled amounts of cold work fol-
lowed by stress relief.

5.5.1 Order-Strengthening Tempers, HT—Tempers pro-
duced by controlled amounts of cold work followed by a
thermal treatment to produce order strengthening.

5.6 Heat-Treated Tempers, T—Tempers that are based on
heat treatments followed by rapid cooling.

5.6.1 Quench-Hardened Tempers, TQ—Tempers produced
by quench-hardening treatments.

5.6.2 Solution Heat-Treated Temper, TB—Tempers pro-
duced by solution heat-treating precipitation hardenable or
spinodal hardenable alloys.

5.6.3 Solution Heat-Treated and Cold-Worked Tempers,
TD—Tempers produced by controlled amounts of cold work of
solution heat-treated precipitation hardenable or spinodal hard-
enable alloys.

5.6.4 Precipitation Heat-Treated Temper, TF—Tempers
produced by precipitation heat treatment of precipitation-
hardenable alloys.

5.6.5 Spinodal Heat Treated Temper, TX—Tempers pro-
duced by spinodal heat treatment of spinodal hardenable
alloys.

5.6.6 Cold-Worked and Precipitation Heat-Treated Tem-
pers, TH—Tempers produced in alloys that have been solution
heat treated, cold worked, and precipitation heat treated.

5.6.7 Cold-Worked and Spinodal Heat-Treated Tempers,
TS—Tempers produced in alloys that have been solution heat
treated, cold worked, and spinodal heat treated.

5.6.8 Mill-Hardened Tempers, TM—Tempers of heat-
treated materials as supplied by the mill resulting from
combinations of cold work and precipitation heat treatment or
spinodal heat treatment.

5.6.9 Precipitation Heat-Treated or Spinodal Heat-Treated

1 This classification is under the jurisdiction of ASTM Committee B05 on
Copper and Copper Alloys and is the direct responsibility of Subcommittee B05.91
on Editorial and Publications.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 601 – 74. Last previous edition B 601 – 01.

2 Annual Book of ASTM Standards, Vol 02.01.
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and Cold-Worked Tempers, TL—Tempers produced by cold
working the precipitation heat-treated or spinodal heat-treated
alloys.

5.6.10 Precipitation Heat-Treated or Spinodal Heat-
Treated, Cold-Worked, and Thermal Stress-Relieved Tempers,
TR—Tempers produced in the cold-worked precipitation heat-
treated or spinodal heat-treated alloys by thermal stress relief.

5.7 Tempers of Welded Tubes, W—(Welded tubes are pro-
duced from strip of various tempers and essentially have the
temper of the strip except in the heat-affected zone.)

5.7.1 Tube, As-Welded Tempers, WM—Tempers that result
from forming and welding when producing tube.

5.7.2 Tube, Welded and Annealed Temper, WO—Temper
that results from forming, welding, and annealing when pro-
ducing tube.

5.7.3 Tube, Welded and Cold-Worked Tempers, WH—
Tempers that result from forming, welding, and cold working
when producing tube.

5.7.4 Tube, Welded, Cold-Worked and Stress-Relieved Tem-
pers, WR—Tempers that result from forming, welding, cold
working, and stress relieving when producing tube.

5.7.5 Tube, Welded, and Fully Finished Tempers, O, OS,
H—Tempers that result from both annealing a welded and
cold-worked tube, or cold working, a welded cold-worked and
annealed tube. With these treatments, the weld area has been
transformed into a wrought structure, and the usual temper
designations apply.

6. Temper Designation Codes

6.1 Annealed Tempers, O:
6.1.1 Annealed to Meet Mechanical Properties, O:

Annealed
Tempers—O

Temper Names

O10 Cast and Annealed (Homogenized)
O11 As Cast and Precipitation Heat Treated
O20 Hot Forged and Annealed
O25 Hot Rolled and Annealed
O30 Hot Extruded and Annealed
O31 Extruded and Precipitation Heat Treated
O32 Hot Extruded and Temper Annealed
O40 Hot Pierced and Annealed
O50 Light Anneal
O60 Soft Anneal
O61 Annealed
O65 Drawing Anneal
O68 Deep Drawing Anneal
O70 Dead Soft Anneal
O80 Annealed to Temper—1⁄8 Hard
O81 Annealed to Temper—1⁄4 Hard
O82 Annealed to Temper—1⁄2 Hard

6.1.2 Annealed to Meet Nominal Average Grain Size, OS:

Annealed Tempers, with
Grain Size Prescribed—OS

Temper Designations Nominal
Avg Grain Size, mm

OS005 0.005
OS010 0.010
OS015 0.015
OS025 0.025
OS035 0.035
OS045 0.045
OS050 0.050

OS060 0.060
OS065 0.065
OS070 0.070
OS100 0.100
OS120 0.120
OS150 0.150
OS200 0.200

6.2 Cold-Worked Tempers, H:
6.2.1 Cold-Worked Tempers to Meet Standard Requirements

Based on Cold Rolling or Cold Drawing, H:

Cold-Worked
Tempers—H

Temper Names

H00 1⁄8 Hard
H01 1⁄4 Hard
H02 1⁄2 Hard
H03 3⁄4 Hard
H04 Hard
. . . . . .
H06 Extra Hard
. . . . . .
H08 Spring
. . . . . .
H10 Extra Spring
. . . . . .
H12 Special Spring
H13 Ultra Spring
H14 Super Spring
. . . . . .

6.2.2 Cold-Worked Tempers to Meet Standard Requirements
Based on Temper Names Applicable to Particular Products, H:

Cold-Worked
Tempers—H

Temper Names

H50 Extruded and Drawn
H52 Pierced and Drawn
H55 Light Drawn, Light Cold-Worked
H58 Drawn General Purpose
H60 Cold Heading, Forming
H63 Rivet
H64 Screw
H66 Bolt
H70 Bending
H80 Hard Drawn
H85 Medium Hard-Drawn Electrical

Wire
H86 Hard-Drawn Electrical Wire
H90 As-finned

6.3 Cold-Worked Tempers with Added Treatments:
6.3.1 Cold Worked and Stress Relieved, HR:

Temper Names

HR01 1⁄4 Hard and Stress Relieved
HR02 1⁄2 Hard and Stress Relieved
HR04 Hard and Stress Relieved
HR06 Extra Hard and Stress Relieved
HR08 Spring and Stress Relieved
HR10 Extra Spring and Stress Relieved
HR12 Special Spring and Stress Relieved
HR20 As-finned

6.3.2 Drawn and Stress Relieved, HR:

Temper Name

B 601 – 02
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HR50 Drawn and Stress Relieved

6.3.3 Cold Rolled and Order Strengthened, HT:

Temper Names

HT04 Hard Temper and Treated
HT08 Spring Temper and Treated
. . . . . .

6.3.4 Hard Drawn End Annealed, HE:

Temper Name

HE80 Hard Drawn and End Annealed

6.4 As-Manufactured Tempers, M:

Temper Names

M01 As Sand Cast
M02 As Centrifugal Cast
M03 As Plaster Cast
M04 As Pressure Die Cast
M05 As Permanent Mold Cast
M06 As Investment Cast
M07 As Continuous Cast
M10 As Hot Forged—Air Cooled
M11 As Forged—Quenched
M20 As Hot Rolled
M25 As Hot Rolled and Rerolled
M30 As Hot Extruded
M40 As Hot Pierced
M45 As Hot Pierced and Rerolled

6.5 Heat-Treated Tempers, T:
6.5.1 Quench Hardened, TQ:

Temper Names

TQ00 Quench Hardened
TQ30 Quench Hardened and Tempered
TQ50 Quenched Hardened and Temper Annealed
TQ55 Quench Hardened and Temper Annealed, Cold

Drawn and Stress Relieved
TQ75 Interrupted Quench

6.5.2 Solution Heat Treated, TB:

Temper Name

TB00 Solution Heat Treated (A)

6.5.3 Solution Heat Treated and Cold Worked, TD:

Temper Names

TD00 Solution Heat Treated and Cold Worked: 1⁄8 Hard
TD01 Solution Heat Treated and Cold Worked: 1⁄4 Hard (1⁄4 H)
TD02 Solution Heat Treated and Cold Worked: 1⁄2 Hard (1⁄2 H)
TD03 Solution Heat Treated and Cold Worked: 3⁄4 Hard (3⁄4 H)
TD04 Solution Heat Treated and Cold Worked: Hard (H)

6.5.4 Solution Heat Treated and Precipitation Heat Treated,
TF:

Temper Name

TF00 Precipitation Hardened (AT)
TF01 Precipitation Heat-Treated Plate—Low

Hardness (ATLH)
TF02 Precipitation Heat-Treated Plate—High

Hardness (ATHH)

6.5.5 Solution Heat Treated and Spinodal Heat Treated, TX:

Temper Name

TX00 Spinodal Hardened (AT)

6.5.6 Solution Heat Treated, Cold Worked, and Precipita-
tion Heat Treated, TH:

Temper Names

TH01 1⁄4 Hard and Precipitation Heat Treated (1⁄4 HT)
TH02 1⁄2 Hard and Precipitation Heat Treated (1⁄2 HT)
TH03 3⁄4 Hard and Precipitation Heat Treated (3⁄4 HT)
TH04 Hard and Precipitation Heat Treated (HT)

6.5.7 Cold-Worked Tempers and Spinodal Heat Treated to
Meet Standard Requirements Based on Cold Rolling or Cold
Drawing, TS:

Temper Names

TS00 1⁄8 Hard and Spinodal Hardened (1⁄8 TS)
TS01 1⁄4 Hard and Spinodal Hardened (1⁄4 TS)
TS02 1⁄2 Hard and Spinodal Hardened (1⁄2 TS)
TS03 3⁄4 Hard and Spinodal Hardened (3⁄4 TS)
TS04 Hard and Spinodal Hardened
. . . . . .

TS06 Extra Hard and Spinodal Hardened
. . . . . .

TS08 Spring and Spinodal Hardened
. . . . . .

TS10 Extra Spring and Spinodal Hardened
. . . . . .

TS12 Special Spring and Spinodal Hardened
TS13 Ultra Spring and Spinodal Hardened
TS14 Super Spring and Spinodal Hardened

6.5.8 Mill Hardened, TM:

Manufacturing Designations

TM00 AM
TM01 1⁄4 HM
TM02 1⁄2 HM
TM03 3⁄4 HM
TM04 HM
TM05 SHM
TM06 XHM
TM08 XHMS

6.5.9 Precipitation Heat Treated or Spinodal Heat Treated
and Cold Worked, TL:

Temper Names

TL00 Precipitation Heat Treated or Spinodal Heat
Treated and 1⁄8 Hard

TL01 Precipitation Heat Treated or Spinodal Heat
Treated and 1⁄4 Hard
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TL02 Precipitation Heat Treated or Spinodal Heat
Treated and 1⁄2 Hard

TL04 Precipitation Heat Treated or Spinodal Heat
Treated and Hard

TL08 Precipitation Heat Treated or Spinodal Heat
Treated and Spring

TL10 Precipitation Heat Treated or Spinodal Heat
Treated and Extra Spring

6.5.10 Precipitation Heat Treated or Spinodal Heat Treated,
Cold Worked, and Thermal Stress Relieved, TR:

Temper Names

TR01 Precipitation Heat Treated or Spinodal Heat Treated,
1⁄4 Hard and Stress Relieved

TR02 Precipitation Heat Treated or Spinodal Heat Treated,
1⁄2 Hard and Stress Relieved

TR04 Precipitation Heat Treated or Spinodal Heat Treated,
Hard and Stress Relieved

6.6 Tempers of Welded Tube, W:
6.6.1 As-Welded, WM:

Temper Names

WM50 As-Welded from Annealed Strip
WM00 As-Welded from 1⁄8 Hard Strip
WM01 As-Welded from 1⁄4 Hard Strip
WM02 As-Welded from 1⁄2 Hard Strip
WM03 As-Welded from 3⁄4 Hard Strip
WM04 As-Welded from Hard Strip
WM06 As-Welded from Extra Hard Strip
WM08 As-Welded from Spring Strip
WM10 As-Welded from Extra Spring Strip
WM15 As-Welded from Annealed Strip, Thermal Stress

Relieved
WM20 As-Welded from 1⁄8 Hard Strip, Thermal Stress Relieved
WM21 As-Welded from 1⁄4 Hard Strip, Thermal Stress Relieved
WM22 As-Welded from 1⁄2 Hard Strip, Thermal Stress Relieved

6.6.2 Welded Tube and Annealed, WO:

Temper Names

WO50 Welded and Light Annealed
WO60 Welded and Soft Annealed
WO61 Welded and Annealed

6.6.3 Welded Tube and Light Cold-Worked, WC:

Temper Name

WC55 Welded
and Light
Cold-Worked

6.6.4 Welded Tube and Cold Drawn, WH:

Temper Names

WH00 Welded and Drawn: Eighth Hard
WH01 Welded and Drawn: Quarter Hard
WH02 Welded and Drawn: Half Hard
WH03 Welded and Drawn: Three Quarter Hard
WH04 Welded and Drawn: Hard
WH06 Welded and Drawn: Extra Hard
WH55 Welded and Cold Reduced or Light Drawn
WH58 Welded and Cold Reduced or Drawn, General

Purpose
WH80 Welded and Reduced or Hard Drawn

6.6.5 Welded Tube, Cold Drawn, and Stress Relieved, WR:

Temper Names

WR00 Welded, Drawn, and Stress Relieved from: Eighth Hard
WR01 Welded, Drawn, and Stress Relieved from: Quarter Hard
WR02 Welded, Drawn, and Stress Relieved from: Half Hard
WR03 Welded, Drawn, and Stress Relieved from: Three

Quarter Hard
WR04 Welded, Drawn, and Stress Relieved from: Hard
WR06 Welded, Drawn, and Stress Relieved from: Extra Hard

6.6.6 Welded Tube, Fully Finished, O, OS, H:
6.6.6.1 Fully Finished Tube, Annealed to Meet Property

Requirements:
Temper Names

O— & OS— Use appropriate designation for property
or grain size requirements.

See 6.1.1 or 6.1.2

6.6.6.2 Fully Finished Tube, Drawn to Meet Property Re-
quirements:

Temper Names

H— Use appropriate designation for property
requirement.

See 6.2.1.

7. Keywords

7.1 copper and copper alloys; temper designation

B 601 – 02

4



SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 601 - 01)
that may impact the use of this standard:

(1) The O32 temper designation was added to 6.1.1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 608 – 02

Standard Specification for
Welded Copper-Alloy Pipe 1

This standard is issued under the fixed designation B 608; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification establishes the requirements for arc-
welded pipe for use in brackish water or seawater piping
systems.

1.2 Units—The values stated in inch-pound units are the
standard. The values given in parentheses are mathematical
conversions to SI units which are provided for information
only and are not considered standard.

1.3 The following hazard statement pertains only to the test
method described in 8.2 and 14.3.2 of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 169 Specification for Aluminum Bronze Plate, Sheet,

Strip, and Rolled Bar2

B 171/B 171M Specification for Copper-Alloy Plate and
Sheet for Pressure Vessels, Condensers, and Heat Ex-
changers2

B 846 Terminology for Copper and Copper Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)5

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys6

E 190 Test Method for Guided Bend Test for Ductility of
Welds3

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition5

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

2.2 AWS Standards:7

A 5.7 Copper and Copper-Alloy Arc-Welding Electrodes
A 5.7 Copper and Copper-Alloy Welding Rods
2.3 ASME Standards:8

Boiler and Pressure Vessel Code, Nuclear Power Plant
Components, Section III, Division I

Boiler and Pressure Vessel Code, Nondestructive Examina-
tion, Section V

Boiler and Pressure Vessel Code, Pressure Vessels, Section
VIII, Division I

Boiler and Pressure Vessel Code, Welding Qualifications,
Section IX

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

3.2 Terms Specific to This Specification:
3.2.1 capable of, adj—possessing the required properties or

characteristics, or both, necessary to conform to specification
requirements when subjected to specified test(s).

3.2.2 rehearing, n—a petition for additional testing to be
conducted.

4. Ordering Information

4.1 Include the following information in contracts or pur-
chase orders for product furnished under this specification:

4.1.1 ASTM specification designation and year of issue, (for
example, B 608 – 95),

4.1.2 Copper alloy UNS No. required (Section 5 and Table
1),

4.1.3 Dimensions required; diameter and wall thickness
(Section 10),

4.1.4 Unit length required, and
4.1.5 When purchased forASME Boiler and Pressure Vessel

Codeapplication.
4.2 The following options are available:
4.2.1 Determination of chemical composition (Section

6.1.1),

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 608 – 76. Last previous edition B 608 – 95.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.06.
6 Annual Book of ASTM Standards, Vol 03.05.

7 Available from The American Welding Society (AWS), 550 NW LeJeune Rd.,
Miami, FL 33126.

8 Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Three Park Ave., New York, NY 10016-5990.
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4.2.2 Guided bend test (Section 8.1),
4.2.3 Hydrostatic test (Section 8.2),
4.2.4 Radiographic examination (Section 8.3),
4.2.4.1 The number of pipe lengths to be examined,
4.2.5 Liquid penetration examination (Section 8.4),
4.2.6 Weld reinforcement removal, (Section 8.5),
4.2.7 Certification (Section 18), and
4.2.8 Test Report (Section 19).

5. Material and Manufacture

5.1 Material:
5.1.1 The pipe shall be made from annealed copper alloy

sheet or plate that conforms to the requirements of Specifica-
tion B 169 for Copper Alloys UNS Nos. C61300 and C61400
or Specification B 171/B 171M for Copper Alloys UNS Nos.
C70620 and C71520.

5.2 Manufacture:
5.2.1 Welded joints shall be made either manually or auto-

matically by an arc-welding process.
5.2.2 Filler metal, if used in an arc-welding process, shall

conform to one of the following specifications and classifica-
tions shown for each base metal:

Base Metal Copper Alloy Filler Metal AWS Specification

UNS Number A5.6 A5.7

C61300 ECuAl-A2 ERCuAl-A2
C61400 ECuAl–A2 ERCuAl–A2
C70620 ECuNi ERCuNi
C71520 ECuNi ERCuNi

5.2.3 Welding procedures and welding operators shall be
qualified in accordance with theASME Boiler and Pressure
Vessel Code, Section IX.

5.2.4 Each length of pipe may contain more than one
longitudinally welded joint.

5.2.4.1 The welded joint shall be a full-penetration weld and
may have a reinforcing bead on each side; such reinforcement
shall not be more than1⁄16 in. (1.6 mm) per side measured in the
radial direction.

5.2.4.2 At no place shall the thickness of the weld section be
less than the thickness of the adjacent base metal.

5.2.4.3 The contour of the weld bead shall be smooth,
having no sharp valley or groove at the weld center or edges.

5.2.4.4 Smooth concavity of the weld bead contour is
acceptable, provided the minimum weld bead thickness is not
less than the thickness of the adjacent base metal.

5.2.4.5 Any offset of base metal edges at a weld that is
within the tolerance of 9.2.7 shall be flared at a 3 to 1minimum
taper over the width of the finished weld, or if necessary, by

adding additional weld metal beyond what would otherwise be
the edge of the weld. Such build-up welding shall be performed
in accordance with the requirements of 5.2.3.

5.2.4.6 Weld reinforcement may be removed at the option of
the manufacturer or when specified by the purchaser.

5.2.5 Weld defects shall be repaired by removal to sound
metal and rewelding. A repaired weld shall meet all require-
ments of an original weld.

5.2.6 Base metal defects such as slivers, inclusions, or laps
shall be repaired by removal to sound metal. Build-up welding
shall be performed when such removal reduces the wall
thickness below the minimum allowed by the specification.
Such build-up welding shall be performed in accordance with
the requirements of 5.2.3. The thickness of the repaired section
shall meet the requirements of a welded joint.

5.2.7 Pipe shall be furnished in the as-welded condition
(Section 3).

NOTE 1—Although no restriction is placed on the size of pipe that may
be furnished under this specification, usage is normally limited to nominal
sizes 4 in. and larger in diameter.

6. Chemical Composition

6.1 The pipe material shall conform to the chemical com-
positional requirements of Table 1 for the specified alloy.

6.1.1 When the material of manufacturer has been certified
to conform to the requirements of the strip specification to
which it was ordered, the determination of composition is not
required of the tube manufacturer or supplier unless specified
in the contract or purchase order.

6.2 These composition limits do not preclude the presence
of other elements. When required, limits shall be established
and analysis required for unnamed elements by agreement
between the manufacturer or supplier and the purchaser.

6.3 When determining composition, copper may be taken as
the difference between the sum of results for specified elements
and 100 %.

6.4 When all elements in Table 1 for the specified alloy are
determined the sum of results shall be as follows:
Copper Alloy UNS No. Copper Plus Specified Elements, Per-

cent, %, Minimum
C61300 99.8
C61400, C70620, C71520 99.5

7. Mechanical Property Requirements

7.1 Transverse Tensional Strength:
7.1.1 With the test taken across any weld, the pipe shall be

capable of conforming to the value given in Table 2 for the
particular alloy.

TABLE 1 Chemical Requirements

Composition, %

Copper Alloy UNS Number CopperA
Nickel

incl
Cobalt

Aluminum
Lead,
max

Iron
Zinc,
max

Manganese,
max

Sulfur,
max

Phosphorus, max
Carbon,

max
Tin Si

C61300B remainder 0.15 max 6.0–7.5 0.01 2.0–3.0 0.10 0.20 ... 0.015 ... 0.20–0.50 0.10
C61400 remainder ... 6.0–8.0 0.01 1.5–3.5 0.20 1.0 ... 0.015 ... ... ...
C70620 86.5 % min 9.0–11.0 ... 0.02 1.0–1.8 0.50 1.0 0.02 0.02 0.05 ... ...
C71520 65.0 % min 29.0–33.0 ... 0.02 0.4–1.0 0.50 1.0 0.02 0.02 0.05 ... ...

A Silver counting as copper.
B When the product is for subsequent welding applications and is so specified by the purchaser, chromium shall be 0.05 % max, cadmium 0.05 % max, zinc 0.05 % max,

and zirconium 0.05 % max.
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8. Performance Requirements

8.1 Transverse Guided-Bend Test:
8.1.1 The transverse-face and root-guided bend test shall be

taken with the weld in the center of the test specimen and there
shall be no open defects exceeding 0.125 in. (3.18 mm)
measured in any direction on the convex surface of the
specimen when tested in accordance with Test Methods E 190.
Cracks originating from corners of the specimen shall not be
considered.

8.1.2 This test is not required unless specified in the contract
or purchase order.

8.2 Hydrostatic Test:
8.2.1 Each length of pipe shall be capable of withstanding

an internal hydrostatic pressure sufficient to produce a fiber
stress of 7 000 psi (48 MPa) without showing evidence of
weakness, defects, or leakage.

8.2.1.1 This requirement is not recommended for pipe with
an outside diameter greater than 24 in. (610 mm).

8.2.2 No pipe size need be tested at a hydrostatic pressure
greater than 1 000 psi (6 900 kPa).

8.2.3 This test is not required unless specified in the contract
or purchase order.

8.3 Radiographic Examination:
8.3.1 When specified in the contract or purchase order, pipe

shall be examined in accordance with the procedure and
acceptance criteria of theASME Boiler and Pressure Vessel
Code, Section III, Division 1, or Section VIII, Division 1, as
specified.

8.3.1.1 The number of pipe lengths to be examined shall be
specified by the purchaser.

8.3.2 All welded joints in any individual length of pipe shall
be radiographed completely.

8.4 Liquid Penetration Examination:
8.4.1 When specified in the contract or purchase order, all

welded joints in all lengths of pipe shall be examined, both the
inside and outside surfaces, in accordance with the procedure
and acceptance criteria of theASME Boiler and Pressure Vessel
Code, Section III, Division 1, or Section VIII, Division 1, as
specified.

9. Weld Reinforcement Removal

9.1 When specified in the contract or purchase order, weld
reinforcement shall be removed completely from the inside
surface and outside surface longitudinal welded joints.

9.2 Weld thickness shall conform to wall-thickness require-
ments after removal of reinforcement.

10. Dimensions, Mass, and Permissible Variations

10.1 Dimensions:
10.1.1 Pipe diameter shall be specified as a nominal diam-

eter as shown in Table 3, Table 4, or Table 5.
10.1.2 Pipe wall thickness shall be that shown in Table 3,

Table 4, or Table 5 for the diameter and pressure class
specified.

10.1.3 If a pipe outside-diameter or wall-thickness not
specified in Table 3, Table 4, or Table 5 is desired, the diameter
and the wall thickness shall be specified in decimal fractions of
an inch.

10.1.4 Pipe shall be furnished in 12 ft (3660 mm) lengths
unless otherwise specified.

10.1.5 Circumferential welds, of the same quality as the
longitudinal welds, may be used to create pipe lengths that are
ordered longer than 12 ft (3660 mm).

10.2 Permissible Variations:
10.2.1 Outside Diameter—The average outside-diameter

shall not vary from the specified outside-diameter by more than
the tolerances specified in Table 6.

10.2.2 Roundness—The difference between the major and
minor outside-diameter at any pipe cross section shall not be
greater than the differences specified in Table 7.

10.2.3 Wall Thickness—The wall thickness at any point of
the pipe shall not vary from the specified wall-thickness by

TABLE 2 Transverse Tensile Strength

Copper Alloy UNS Number Tensile Strength, min, ksi (MPa)A

C61300 70 (485)
C61400 70 (485)
C70620 40 (275)
C71520 50 (345)

A See Appendix X1.

TABLE 3 Standard Sizes and Wall Thickness
Copper Alloy UNS Nos. C61300 and C61400

Inch-Pound Units, in. (SI Units, mm)

Pressure Class, psi (kPa)A

Nominal Size Outside Diameter, in. 50 (345) 75 (517) 100 (689) 150 (1034) 200 (1379)

4 4.50 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38)
5 5.563 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38)
6 6.625 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38)
8 8.625 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38)

10 10.75 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.125 (3.18) 0.125 (3.18)
12 12.75 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.125 (3.18) 0.165 (4.19)
14 14.00 0.125 (3.18) 0.125 (3.18) 0.125 (3.18) 0.125 (3.18) 0.165 (4.19)
16 16.00 0.125 (3.18) 0.125 (3.18) 0.125 (3.18) 0.134 (3.40) 0.187 (4.76)
18 18.00 0.125 (3.18) 0.125 (3.18) 0.125 (3.18) 0.165 (4.19) 0.187 (4.76)
20 20.00 0.125 (3.18) 0.125 (3.18) 0.125 (3.18) 0.165 (4.19) 0.250 (6.35)
24 24.00 0.125 (3.18) 0.125 (3.18) 0.134 (3.40) 0.187 (4.76) 0.250 (6.35)
30 30.00 0.134 (3.40) 0.134 (3.40) 0.165 (4.19) 0.250 (6.35) 0.312 (7.94)
36 36.00 0.134 (3.40) 0.165 (4.19) 0.187 (4.76) 0.312 (7.94) 0.375 (9.53)
42 42.00 0.187 (4.76) 0.187 (4.76) 0.250 (6.35) 0.312 (7.94) 0.437 (11.1)
48 48.00 0.187 (4.76) 0.187 (4.76) 0.250 (6.35) 0.375 (9.53) 0.437 (11.1)

A Pressure ratings apply to any design temperature not exceeding 350°F (176°C). Pressure ratings are calculated for each size and pressure class based on a corrosion
allowance of 0.020 in. (0.508 mm), a weld efficiency of 70 %, and the thickness tolerances shown in Table 8.
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more than the tolerances specified in Table 8.
10.2.4 Length—The length of any pipe shall be the specified

length plus or minus 0.500 in. (13 mm).
10.2.5 Straightness—The maximum curvature (depth of

arc), when measured as a deviation from a straightedge 10 ft
(3.05 m) in length, shall not exceed 0.5 in. (13 mm).

10.2.6 Squareness of Cut—The departure from squareness
of the end of any pipe shall not exceed 0.016 in./in. (0.016
mm/mm) of outside diameter.

10.2.7 Offset—Radial misalignment of two edges to be butt

welded shall not exceed the offset tolerances specified in Table
9.

11. Workmanship, Finish, and Appearance

11.1 Workmanship—Roundness, straightness, ovality, and
uniformity of contour shall be such as to make the product
suitable for the intended application.

11.2 Finish—The inner and outer surfaces shall be such as
to make the product suitable for the intended application.

TABLE 4 Standard Sizes and Wall Thickness
Copper Alloy UNS No. C70620

Inch-Pound Units, in. (SI Units, mm)

Pressure Class, psi (kPa)A

Nominal Size Outside Diameter, in. 50 (345) 75 (517) 100 (689) 150 (1034) 200 (1379)

4 4.50 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.109 (2.77)
5 5.563 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.125 (3.18)
6 6.625 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.109 (2.77) 0.134 (3.40)
8 8.625 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.148 (3.76) 0.165 (4.19)

10 10.75 0.094 (2.38) 0.094 (2.38) 0.125 (3.18) 0.165 (4.19) 0.250 (6.35)
12 12.75 0.094 (2.38) 0.125 (3.18) 0.134 (3.40) 0.187 (4.76) 0.250 (6.35)
14 14.00 0.125 (3.18) 0.125 (3.18) 0.148 (3.76) 0.250 (6.35) 0.250 (6.35)
16 16.00 0.125 (3.18) 0.125 (3.18) 0.165 (4.19) 0.250 (6.35) 0.312 (7.94)
18 18.00 0.125 (3.18) 0.148 (3.76) 0.187 (4.76) 0.250 (6.35) 0.312 (7.94)
20 20.00 0.125 (3.18) 0.148 (3.76) 0.187 (4.76) 0.312 (7.94) 0.375 (9.53)
24 24.00 0.134 (3.40) 0.187 (4.76) 0.250 (6.35) 0.312 (7.94) 0.437 (11.1)
30 30.00 0.148 (3.76) 0.250 (6.35) 0.312 (7.94) 0.437 (11.1) 0.500 (12.7)
36 36.00 0.187 (4.76) 0.250 (6.35) 0.312 (7.94) 0.500 (12.7) 0.625 (15.9)
42 42.00 0.250 (6.35) 0.312 (7.94) 0.375 (9.53) 0.562 (14.3) 0.687 (17.5)
48 48.00 0.250 (6.35) 0.312 (7.94) 0.437 (11.1) 0.625 (15.9) 0.812 (20.6)

A Pressure ratings apply to any design temperature not exceeding 150°F (65°C). Pressure ratings are calculated for each size and pressure class based on a corrosion
allowance of 0.020 in. (0.508 mm), a weld efficiency of 70 %, and the thickness tolerances shown in Table 8.

TABLE 5 Standard Sizes and Wall Thicknesses
Copper Alloy UNS No. C71520

Inch-Pound Units, in. (SI Units, mm)

Pressure Class, psi (kPa)A

Nominal Diameter Outside Diameter, in. 50 (345) 75 (517) 100 (689) 150 (1034) 200 (1379)

4 4.50 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38)
5 5.563 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.109 (2.77)
6 6.625 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.125 (3.18)
8 8.625 0.094 (2.38) 0.094 (2.38) 0.094 (2.38) 0.125 (3.18) 0.148 (3.76)

10 10.75 0.094 (2.38) 0.094 (2.38) 0.125 (3.18) 0.148 (3.76) 0.165 (4.19)
12 12.75 0.094 (2.38) 0.094 (2.38) 0.125 (3.18) 0.165 (4.19) 0.250 (6.35)
14 14.00 0.125 (3.18) 0.125 (3.18) 0.125 (3.18) 0.187 (4.76) 0.250 (6.35)
16 16.00 0.125 (3.18) 0.125 (3.18) 0.148 (3.76) 0.187 (4.76) 0.250 (6.35)
18 18.00 0.125 (3.18) 0.125 (3.18) 0.165 (4.19) 0.250 (6.35) 0.312 (7.94)
20 20.00 0.125 (3.18) 0.134 (3.40) 0.165 (4.19) 0.250 (6.35) 0.312 (7.94)
24 24.00 0.125 (3.18) 0.165 (4.19) 0.187 (4.76) 0.312 (7.94) 0.375 (9.53)
30 30.00 0.134 (3.40) 0.187 (4.76) 0.250 (6.35) 0.375 (9.53) 0.437 (11.1)
36 36.00 0.165 (4.19) 0.250 (6.35) 0.312 (7.94) 0.437 (11.1) 0.500 (12.7)
42 42.00 0.187 (4.76) 0.250 (6.35) 0.312 (7.94) 0.437 (11.1) 0.625 (15.9)
48 48.00 0.187 (4.76) 0.312 (7.94) 0.375 (9.53) 0.500 (12.7) 0.687 (17.5)

A Pressure ratings apply to any design temperature not exceeding 150°F (65°C). Pressure ratings are calculated for each size and pressure class based on a corrosion
allowance of 0.020 in. (0.508 mm), a weld efficiency of 70 %, and the thickness tolerances shown in Table 8.

TABLE 6 Average Outside Diameter Tolerances, in. (mm) A

Specified Outside Diameter Tolerance, plus and minus

Up to 8.625 (219), incl 0.031 (0.79)
Over 8.625 to 18 (219 to 457), incl 0.063 (1.6)
Over 18 to 30 (457 to 762), incl 0.094 (2.4)
Over 30 to 48 (762 to 1220), incl 0.125 (3.2)
Over 48 (1220) 0.3 %
A The average outside diameter of a pipe is the outside circumference at any

one cross section of the pipe divided by 3.1416.

TABLE 7 Roundness Requirements, in. (mm) A

Specified Outside Diameter Roundness, %A

Up to 8.625 (219), incl 3.0
Over 8.625 to 18 (219 to 457), incl 2.5
Over 18 to 24 (457 to 610), incl 2.0
Over 24 to 48 (610 to 1220), incl 1.5
Over 48 (1220) 1.0
A The roundness of a pipe is the difference between the major and minor outside

pipe diameter, as determined at any one cross section, divided by the specified
outside diameter and expressed in percent.
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Repaired areas conforming to the requirements of this specifi-
cation shall be acceptable.

12. Sampling

12.1 The lot size, portion size, and selection of sample
pieces shall be as follows:

12.1.1 Lot Size—A lot shall consist of the following quan-
tity, or fraction thereof, of pipe of the same alloy UNS No.,
diameter, and wall thickness manufactured at the same time:
Outside Diameter, in. (mm) Lot Size, ft (m)

Up to 10.750 (273) incl 1000 (305)
Over 10.75 to 24 (273 to 610) incl 500 (152)
Over 24 to 36 (610 to 914) 200 (61)
Over 36 to 48 (914 to 1220) 100 (30.5)
Over 48 (1220) 50 (15.2)

12.1.2 Portion Size—The number of lengths to be selected
shall be as agreed upon between the manufacturer or supplier
and the purchaser.

12.1.3 Selection of Samples—The sample piece(s) shall be
randomly selected.

12.2 Chemical Analysis—When determination of the alloy
composition is specified in the contract or purchase order, the
sample shall be taken and prepared in accordance with Practice
E 255 from the length(s) selected in 12.1.2.

12.3 Other Tests—Test specimens shall be taken from the
length(s) selected in 12.1.2.

13. Number of Tests and Retests

13.1 Tests:
13.1.1 Chemical Analysis—Composition shall be deter-

mined as the average of results from at least two replicate
analysis for each specified element.

13.1.2 Transverse Tensile Strength—Conformance with test
requirements shall be determined by the test result of one
specimen.

13.1.3 Transverse-Guided Bend Test—Conformance with
test requirements shall be determined by the test result of one
transverse-root bend test and one transverse-face bend test.

13.2 Retests:
13.2.1 In the event only one sample piece was selected in

12.1.2, retest shall not be permitted.
13.2.2 Chemical Analysis—If one, or more, of the elements

with specified limits fail to meet the composition requirement
of the product specification, a retest may be permitted from a
new composite sample prepared as directed in 12.1.2, and the
number of replicate determinations shall be doubled.

13.2.3 Other Tests—Should a test specimen fail to conform
to a test requirement of the product specification, a retest may
be permitted with specimens prepared from the remaining
pieces of the finished product selected in 12.1.2, and the
number of test specimens shall be doubled.

13.2.4 All test specimens shall conform to specification
requirements in retest, and failure to comply shall be cause for
lot rejection.

13.2.5 Umpire Test:
13.2.5.1 In the case where the retest does not settle the

dispute, a test may be permitted by a qualified laboratory
agreeable to manufacturer or supplier and the purchaser.

13.2.5.2 The sample shall be taken and test specimens
prepared as directed in this specification.

13.2.5.3 The test method to be followed shall be as specified
in this specification.

14. Specimen Preparation

14.1 Chemical Analysis:
14.1.1 Preparation of the analytical test specimen shall be

the responsibility of the reporting laboratory.
14.2 Transverse Tensile Test:
14.2.1 The test specimen shall conform to the requirements

of Test Specimens section and Fig. 13, Standard Test Specimen
for Cast Iron, of Test Methods E 8.

14.2.2 The test specimen shall be of the full thickness of the
base metal and shall be taken from the end of the finished pipe
and flattened cold and machined to test-specimen dimensions.

14.2.3 Alternatively, the test specimen may be taken from a
test plate of the same material as the pipe which has been
attached to the end of the pipe and welded as a prolongation of
the longitudinal seam.

14.3 Transverse-Guided Bend Test:
14.3.1 The test specimens shall be taken from the pipe with

the weld joint in the approximate center of the specimens.
14.3.2 The test specimens shall be of the full thickness of

the base metal and shall be taken from the end of the finished
pipe and flattened cold and cut to test specimen size as
described in Test Method E 190.

15. Test Methods

15.1 Test methods used for production control or quality
control, or both, for determining conformance with product
property requirements are discretionary.

15.1.1 Test methods used to obtain data for preparation of
certification and test report shall be made available to the
purchaser upon request.

15.2 Chemical Analysis:
15.2.1 The test methods used for determining chemical

composition shall, in case of dispute, be as specified in the

TABLE 8 Wall Thickness Tolerances, in. (mm) A

Specified Wall Thickness Tolerance, plus and minus

Up to 0.094 (2.38), incl 0.010 (0.25)
Over 0.094 to 0.134 (2.38 to 3.40), incl 0.014 (0.36)
Over 0.134 to 0.250 (3.40 to 6.35), incl 0.016 (0.41)
Over 0.250 to 0.500 (6.35 to 12.7), incl 0.023 (0.58)
Over 0.500 to 0.750 (12.7 to 19.1), incl 0.029 (0.74)
Over 0.750 to 1.000 (19.1 to 25.4), incl 0.037 (0.94)
Over 1.000 (25.4) 0.045 (1.10)

A Maximum deviation at any point.

TABLE 9 Weld Offset Tolerances, in. (mm)

Specified Wall Thickness (t)

Radial Offset Longitudinal
Circumferential

Weld Weld

Up to 0.125 (3.18), incl 1⁄4 t 1⁄4 t
Over 0.125 to 0.250 (3.18 to 6.35), incl 0.032 (0.81) 0.032 (0.81)
Over 0.250 to 0.375 (6.35 to 9.53), incl 0.047 (1.20) 0.047 (1.20)
Over 0.375 to 0.500 (9.53 to 12.7), incl 0.063 (1.60) 0.063 (1.60)
Over 0.500 to 0.750 (12.7 to 19.1), incl 0.063 (1.60) 0.094 (2.40)
Over 0.750 (19.1) 0.094 (2.40) 0.125 (3.20)

B 608 – 02

5



specification under which the manufacturing material was
ordered.

15.2.2 Test methods used for the determination of elements
required by contractual or purchase-order agreement shall be as
agreed upon between the manufacturer and the purchaser.

15.3 Other Tests:
15.3.1 The product furnished shall conform with the me-

chanical and other requirements enumerated in this specifica-
tion, when tested in accordance with the following appropriate
method:

Test Method
Tension E 8
Transverse Guided Bend Test E 190
Hydrostatic Section 15.3.2

15.3.1.1 Tensile strength shall be determined in accordance
with Test Methods E 8. Test results are not seriously affected
by variations in speed of testing. However, the rate of stressing
to the yield strength should not exceed 50 ksi/min. Above the
yield strength the movement per minute of the testing machine
head under load should not exceed 0.5 in./in. (0.5 mm) of gage
length (or distance between grips for full section specimens).

15.3.2 Hydrostatic Test:
15.3.2.1 The internal hydrostatic pressure necessary to pro-

duce the required fiber stress shall be determined by the
following equation:

P 5 2St/~D 2 0.8t! (1)

where:
P = hydrostatic pressure, psi (or MPa),
t = thickness of tube wall, in. (or mm),
D = outside diameter of tube, in. (or mm), and
S = allowable fiber stress of the material, psi (or MPa).

15.3.3 Radiographic Examination:
15.3.3.1 When specified in the contract or purchase order,

pipe shall be examined in accordance with the procedure and
acceptance criteria of theASME Boiler and Pressure Code,
Section III, Division 1, or Section VIII, Division 1 as specified.

15.3.4 Liquid Penetration Examination:
15.3.4.1 When specified in the contract or purchase order,

all welded joints in all lengths of pipe shall be examined in
accordance with the procedure and acceptance criteria of the
ASME Boiler and Pressure Code, Section III, Division 1, or
Section VIII, Division 1, as specified.

16. Significance of Numerical Limits

16.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property Rounded Unit for Observed or Calculated
Value

Chemical composition nearest unit in the last right-hand
significant digit used in expressing

the limiting value
Tensile strength nearest ksi (5 MPa)

17. Inspection

17.1 The manufacturer shall inspect and make necessary
tests to verify that the pipe furnished conforms to the require-

ments of this specification.
17.2 If, in addition, the purchaser elects to perform his own

inspection, the manufacturer shall afford the inspector all
reasonable facilities to satisfy him that the pipe furnished
conforms to the requirements of this specification. All tests and
inspections shall be made at the place of manufacture prior to
shipment, unless otherwise specified, and shall be so conducted
as not to interfere with the operation of the works. When
automated finishing and inspection equipment is available at a
facility, purchaser and manufacturer or supplier may by mutual
agreement accomplish the final inspection simultaneously.

18. Rejection and Rehearing

18.1 Rejection:
18.1.1 Material that fails to conform to the requirements of

this specification, when tested by the purchaser or purchaser’s
agent, may be rejected.

18.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly and in writing.

18.1.3 In case of dissatisfaction with the results of the test
upon which rejection is based, the manufacturer, or supplier,
may make claim for a rehearing.

18.1.4 Radiographic or liquid penetrate examinations by the
purchaser shall not be a basis for rejection unless those
examinations were specified in the contract or purchase order
at the time of ordering.

18.2 Rehearing:
18.2.1 As a result of product rejection, the manufacturer, or

supplier, may make claim for a retest to be conducted by the
manufacturer, or supplier, and the purchaser. Samples of the
rejected product shall be taken in accordance with the specifi-
cation and subjected to test by both parties using the test
method(s) specified in the specification, or, alternately, upon
agreement of both parties, an independent laboratory may be
selected for the test(s) using the test method(s) specified in the
specification.

19. Certification

19.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met.

19.2 Certification is mandatory when the product is for
ASME Boiler and Pressure Vessel Codeapplication.

20. Test Report

20.1 When specified in the contract or purchase order, a
report of the test results shall be furnished.

21. Product Marking

21.1 Each length of pipe shall be marked with the specifi-
cation number, alloy UNS No., nominal size, pressure class,
and the trademark of the manufacturer.

21.1.1 When a nonstandard size or wall thickness has been
specified, the markings shall contain the exact outside diameter
and wall thickness in inches instead of the nominal diameter.

22. Packaging and Package Marking

22.1 Packaging—The product shall be separated by size,
composition, and temper, and prepared for shipment in such a
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manner as to ensure acceptance by common carrier for
transportation and to afford protection from the normal hazards
of transportation.

22.2 Package Marking—Each shipping unit shall be legibly
marked with the purchase-order number, metal or alloy desig-
nation, temper, size, shape, gross and net weight, and name of
supplier. The specification number shall be shown when
specified.

23. Keywords

23.1 copper-alloy pipe; welded copper-alloy pipe; welded
pipe; UNS No. C61300; UNS No. C61400; UNS No. C70620;
UNS No. C71520

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Subcommittee B05 has identified the location of selected changes to this standard since the last issue
(B 608 – 95), that may impact the use of this standard.

(1) References to C70600 and C71500 have been changed to
C70620 and C71520 to reflect the current CDA Standard
Designations. Actual required chemical compositions are un-
changed.
(2) Editorial changes were made that do not impact the usage
of the standard, but were made for clarity and conformance to

the the Committee B05Outline of Form of Specifications
(OFS).

(3) Addition of 0.1 Si maximum to C61300 in Table 1 to
reflect current CDA Designations.

(4) Addition of UNS Nos. to Section 23, Keywords.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 640 – 00

Standard Specification for
Welded Copper Tube for Air Conditioning and Refrigeration
Service 1

This standard is issued under the fixed designation B 640; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for
welded copper tube for air conditioning and refrigeration
service for use in connections, repairs, and alterations. The tube
shall be made from one of the following coppers:

Copper UNS
No.

Previously Used
DesignationA

Type of Copper

C10100 OFE oxygen-free electronic
C10200 OF oxygen-free without-residual oxidants
C12000 DLP phosphorized, low-residual phosphorus
C12200 DHP phosphorized, high-residual phosphorus

ADesignation listed in Classification B 224.

1.2 Copper UNS No. C12200 shall be furnished, unless
otherwise specified. The copper tube shall be supplied in
annealed coils or drawn temper straight lengths.

1.3 Units—The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units which are provided for
information only and are not considered standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 153 Test Method for Expansion (Pin Test) of Copper and

Copper-Alloy Pipe and Tubing2

B 170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes2

B 224 Classification of Coppers2

B 577 Test Methods for Detection of Cuprous Oxide (Hy-
drogen Embrittlement Susceptibility) in Copper2

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 3 Practice for Preparation of Metallographic Specimens3

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 53 Methods for Chemical Analysis of Copper5

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)5

E 112 Test Methods for Determining the Average Grain
Size3

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes6

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition5

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 coil, n—a length of the product wound into a series of

connected turns. The unqualified term “coiled” as applied to
tube usually refers to a bunched coil.

3.2.1.1 bunched, adj—a coil in which the turns are bunched
and held together such that the cross section of the bunched
turns is approximately circular.

3.2.1.2 level or traverse wound, adj—a coil in which the
turns are wound into layers parallel to the axis of the coil such
that successive turns in a given layer are next to one another.

3.2.2 flash, n—the metal that protrudes at the weld, both on
the inside and outside of a tube, as a result of the pressure
applied when a forge-type seam is produced. The two types of
flash are internal flash and external flash.

3.2.3 tube, air-conditioning, n—a welded copper tube con-
forming to a standard series of sizes and to specified internal

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Sept. 10, 2000. Published November 2000. Originally
published as B 640 – 78. Last previous edition B 640 – 93.
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3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
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cleanness requirements, normally furnished in drawn temper
straight lengths, with the ends capped or sealed.

3.2.4 tube, refrigeration-service, n—a welded copper tube
conforming to a standard series of sizes and to special internal
cleanness and dehydration requirements, normally furnished in
soft temper coils, with ends capped or sealed.

4. Ordering Information

4.1 Orders for product under this specification shall include
the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Copper UNS No. designation,
4.1.3 Temper (Section 7),
4.1.4 Dimensions: diameter, wall thickness, length, and so

forth (Section 11),
4.1.5 How furnished (coiled lengths or straight lengths), and
4.1.6 Quantity: total weight or number of pieces or coils of

each copper, size, and temper.
4.2 The following options are available and should be

specified at the time of placing the order when required:
4.2.1 Hydrogen embrittlement susceptibility (9.3),
4.2.2 Electromagnetic (eddy-current) test on coiled lengths

(10.1),
4.2.3 Expansion test (9.1),
4.2.4 Cleanness test (10.2),
4.2.5 Flattening test (9.4),
4.2.6 Reverse bend test (9.5),
4.2.7 Certification (Section 21),
4.2.8 Test report (Section 18), and
4.2.9 When product is purchased for agencies of the U.S.

Government (10.3).

5. Materials and Manufacture

5.1 Material—The material of manufacture shall be sheet or
strip of copper of such quality and soundness as to be suitable
for processing into welded tube to meet the properties pre-
scribed herein.

5.2 Manufacture:
5.2.1 The product shall be manufactured by forming the

material into a tubular shape on a suitable forming mill and
welded using an automatic process.

5.2.2 The product shall be cold worked to the finished size
and wall thickness and subsequently annealed, when required,
to meet the temper properties specified.

5.2.3 The product shall conform to “fully finished tube” as
required in 5.2.3.1 and 5.2.3.2:

5.2.3.1 Welded tube with internal and external flash re-
moved by scarfing, and the tube subsequently cold drawn, over
a mandrel and annealed as necessary to conform to the
specified temper.

5.2.3.2 Welded tube that has been mechanically worked into
a smooth tube without the need for internal or external scarfing,
or other metal removal and subsequently cold drawn over a
mandrel and annealed as necessary to conform to the specified
size and temper.

5.2.4 Coiled lengths specified as O60, soft-annealed temper,
shall be bright annealed after coiling, then dehydrated, and
capped, plugged, crimped, or otherwise closed at both ends so
as to maintain the internal cleanness of the tubing under normal

conditions of handling and storage.
5.2.5 Straight lengths specified as H58, hard-drawn temper,

shall be cleaned and capped, plugged, or otherwise closed at
both ends so as to maintain the internal cleanness of the tubing
under normal conditions of handling and storage.

6. Chemical Composition

6.1 The product shall conform to the chemical composi-
tional requirements in Table 1 for the Copper UNS No.
designation specified in the ordering information.

6.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer or supplier and the purchaser.

7. Temper

7.1 The standard tempers for products described in this
specification are given in Table 2.

7.1.1 Drawn general purpose H58.
7.1.2 Annealed temper O60.
7.2 Tempers are defined in Practice B 601. Other special

anneal tempers may be supplied as agreed upon between the
manufacturer or supplier and the purchaser.

8. Mechanical Property Requirements

8.1 Tensile Strength Requirements:
8.1.1 Product furnished under this specification shall con-

form to the tensile requirements prescribed in Table 2 when
tested in accordance with Test Methods E 8 and E 8M.

8.1.1.1 Acceptance or rejection based upon mechanical
properties shall depend only on tensile strength.

9. Performance Requirements

9.1 Expansion Test:
9.1.1 When specified in the contract or purchase order,

product test specimens from tube furnished in the O60 an-
nealed temper shall be expanded in accordance with Test
Method B 153 with an expansion of the outside diameter in the
following percentage:

Outside Diameter,
in. (mm)

Expansion of Outside
Diameter, %

5⁄8 (15.9) and under 30
Over 5⁄8 (15.9) 25

9.1.2 The expanded tube shall show no cracking or other
defects visible to the unaided eye.

TABLE 1 Chemical Requirements

Copper or
Copper Alloy

UNS No.

Composition, %

Copper,A

min
Iron Zinc

Lead,
Max

Phosphorus Total Other
Elements,

Max

C10100 99.99B . . . . . . . . . 0.0003 max . . .
C10200C 99.95 . . . . . . . . . . . . . . .
C12000 99.90 . . . . . . . . . 0.004–0.012 . . .
C12200 99.9 . . . . . . . . . 0.015–0.040 . . .

ASilver counting as copper.
BThis value is exclusive of silver and shall be determined as the difference

between the sum of results for all impurity elements listed in Table 1 of
Specification B 170 for Grade 1 and 100 %.

COxygen in C10200 shall be 10 ppm max.
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9.2 Microscopical Examination—When specified in the
contract or purchase order, product test specimens of Copper
UNS Nos. C10100, C10200, and C12000 shall be free of
cuprous oxide as determined by Test Method A of Test
Methods B 577.

9.3 Hydrogen Embrittlement Susceptibility—When speci-
fied in the contract or purchase order, product test specimens of
Copper UNS Nos. C10100, C10200, C12000, and C12200
shall conform to the requirements of Test Method B of Test
Methods B 577.

9.4 Flattening Test:
9.4.1 When specified in the contract or purchase order, the

product test specimens shall be flattened in accordance with the
test method described in 16.2.6.

9.4.2 The product test specimen shall be free of defects, but
blemishes of a nature that do not interfere with the intended
application are acceptable.

9.5 Reverse Bend Test—When specified in the contract or
purchase order, the product test specimens when flattened and
bent in accordance with the test method described in 16.2.7,
shall show no evidence of cracks, lack of penetration in the
weld, or overlaps resulting from flash removal visible to the
unaided eye which are considered unacceptable for the in-
tended application.

10. Other Requirements

10.1 Electromagnetic (Eddy-Current) Test:
10.1.1 Each straight length tube, up to and including 31⁄8-in.

(79.4-mm) outside diameter, shall be passed through an eddy-
current testing unit adjusted to provide information on the
suitability of the tube for the intended application.

10.1.2 Tubes that do not actuate the signaling device of the
eddy current testing unit shall be considered as conforming to
the requirements of the test. Testing shall follow the procedures
of Practice E 243, except for the determination of “end effect.”

10.1.3 Testing of coiled lengths shall be subject to negotia-
tion between the manufacturer and the purchaser.

10.1.4 For tubes greater than 31⁄8 in. (79.4 mm) in outside
diameter, the manufacturer and purchaser shall agree on
whatever nondestructive testing is required.

10.2 Cleanness Test:
10.2.1 When specified in the contract or purchase order, a

cleanness test shall be performed by the manufacturer.
10.2.1.1 Testing shall follow the procedures in 16.2.9.
10.2.1.2 The maximum amount of residue from the test

sample shall not exceed 0.0035 g/ft2 of interior surface for
tubes as given in Tables 3 and 4.

10.3 Purchases for Agencies of the U.S. Government—
When specified in the contract or purchase order, product
purchased for agencies of the U.S. government shall conform

to the requirements stipulated in the Supplementary Require-
ments.

11. Dimensions, Mass, and Permissible Variations

11.1 The standard dimensions, weights per foot, and toler-
ances for the various nominal sizes are given in Tables 5 and 6.

11.2 Wall Thickness and Diameter:
11.2.1 Coil Lengths—Table 5.
11.2.2 Straight Lengths—Table 6.
11.3 Length:
11.3.1 The standard length for coils shall be 50 ft (15.2 m).

The length tolerances for all coils shall be +12 in. (300 mm)
and −0 in.

TABLE 2 Mechanical Property Requirements

Copper UNS Nos. C10100, C10200, C12000, and C12200

Form Temper
Tensile Strength, Min Elongation in 2

in. or 50 mm,
Min, %

ksiA MPaB

Coiled lengths O60 30 205 40
Straight lengths H58 36 250 . . .

Aksi = 1000 psi.
BSee Appendix X1.

TABLE 3 Interior Surface Residue Limits of Soft Coiled Lengths A

Standard Size, in.

Wall Thickness,
in. (mm)

Residue LimitB per 50
ft (15.2 m) coil, g

Copper UNS
Nos. C10100,

C10200,
C12000, and

C12200

Copper UNS
Nos. C10100,

C10200,
C12000, and

C12200

1⁄8 0.030 (0.762) 0.0030
3⁄16 0.030 (0.762) 0.0058
1⁄4 0.030 (0.762) 0.0087

5⁄16 0.032 (0.813) 0.0114
3⁄8 0.032 (0.813) 0.0143
1⁄2 0.032 (0.813) 0.0200
5⁄8 0.035 (0.889) 0.0254
3⁄4 0.035 (0.889) 0.0312
3⁄4 0.042 (1.07) 0.0305
7⁄8 0.045 (1.14) 0.0360

11⁄8 0.050 (1.27) 0.0470
13⁄8 0.055 (1.40) 0.0580
15⁄8 0.060 (1.52) 0.0690

ASee also Table 5.
BResidue limit 0.0035-g/ft2 (0.038-g/m2) inside area. The internal surface area

per foot or tube is determined by the equation (3.1416 3 inside diameter 3
144)/1728.

TABLE 4 Interior Surface Residue Limits of Straight Lengths A

Standard Size, in.

Wall Thickness, in.
(mm)

Residue LimitB per 20
ft (6.10 m), g

Copper UNS
Nos. C10100,

C10200,
C12000, and

C12200

Copper UNS
Nos. C10100,

C10200,
C12000, and

C12200

3⁄8 0.030 (0.762) 0.0058
1⁄2 0.035 (0.889) 0.0079
5⁄8 0.040 (1.02) 0.0100
3⁄4 . . . . . .
3⁄4 . . . . . .
3⁄4 0.042 (1.07) 0.0122
7⁄8 0.045 (1.14) 0.0144

11⁄8 0.050 (1.27) 0.0188
13⁄8 0.055 (1.40) 0.0232
15⁄8 0.060 (1.52) 0.0276
21⁄8 0.070 (1.78) 0.0364
25⁄8 0.080 (2.03) 0.0453
31⁄8 0.090 (2.29) 0.0540
35⁄8 0.100 (2.54) 0.0628
41⁄8 0.110 (2.79) 0.0717

ASee also Table 6.
BResidue limit 0.0035-g/ft2 (0.038-g/m2) inside area. The internal surface area

per foot of tube is determined by the equation (3.146 3 inside diameter 3
144)/1728.
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11.3.2 The standard length for straight lengths shall be 20 ft
(6.10 m). The length tolerances for all lengths shall be +1 in.
(25 mm) and −0 in.

11.4 Roundness:
11.4.1 Straight Lengths—For unannealed drawn tube in

straight lengths, the roundness tolerance is specified in Table 7.

The deviation from roundness is measured as the difference
between major and minor diameters as determined at any one
cross section of the tube. Roundness tolerance has not been
established for annealed tube in straight lengths.

11.4.2 Coil Lengths—Roundness tolerance has not been
established for tubes furnished in coils.

11.5 Squareness of Cut—For tube in straight lengths, the
deviation from squareness is measured as the difference be-
tween one side of a cross section of tube from the opposite side
when measured against the projected perpendicularity of the
plane of the projected center of the tube. The departure from
squareness of the end of any tube shall not exceed more than
0.010 in. (0.25 mm) for tube up to and including5⁄8-in. standard
size; and not more than 0.016 in./in. (0.016 mm/mm) of outside
diameter, for tube larger than5⁄8-in. standard size.

TABLE 5 Standard Dimensions, Weights, and Tolerances for Diameter and Wall Thickness for Coil Lengths

Standard Size, in.
Outside Diameter,

in. (mm)

Wall Thickness,
in. (mm)

Weight, lb/ft
(kg/m)

Tolerances

Copper UNS
Nos. C10100,

C10200,
C12000, and

C12200

Copper UNS
Nos. C10100,

C10200,
C12000, and

C12200

AverageA Outside
Diameter, Plus and

Minus, in. (mm)

Wall Thickness,B,C Plus
and Minus, in. (mm)

1⁄8 0.125 (3.18) 0.030 (0.762) 0.0347 (0.0516) 0.002 (0.051) 0.003 (0.076)
3⁄16 0.187 (4.75) 0.030 (0.762) 0.0575 (0.0856) 0.002 (0.051) 0.0025 (0.064)
1⁄4 0.250 (6.35) 0.030 (0.762) 0.0804 (0.120) 0.002 (0.051) 0.0025 (0.064)

5⁄16 0.312 (7.92) 0.032 (0.813) 0.109 (0.162) 0.002 (0.051) 0.0025 (0.064)
3⁄8 0.375 (9.52) 0.032 (0.813) 0.134 (0.199) 0.002 (0.051) 0.0025 (0.064)
1⁄2 0.500 (12.7) 0.032 (0.813) 0.182 (0.271) 0.002 (0.051) 0.0025 (0.064)
5⁄8 0.625 (15.9) 0.035 (0.889) 0.251 (0.373) 0.002 (0.051) 0.0030 (0.076)
3⁄4 0.750 (19.1) 0.035 (0.889) 0.305 (0.454) 0.0025 (0.064) 0.0035 (0.089)
3⁄4 0.750 (19.1) 0.042 (1.07) 0.362 (0.539) 0.0025 (0.064) 0.0035 (0.089)
7⁄8 0.875 (22.3) 0.045 (1.114) 0.455 (0.677) 0.003 (0.076) 0.004 (0.10)

11⁄8 1.125 (28.6) 0.050 (1.27) 0.665 (0.975) 0.0035 (0.089) 0.004 (0.10)
13⁄8 1.375 (34.9) 0.055 (1.40) 0.884 (1.32) 0.004 (0.10) 0.0045 (0.11)

AThe average outside diameter of a tube is the average of the maximum and minimum outside diameters as determined at any one cross section of the tube.
BThe tolerances listed represent the maximum deviation at any point.
CMay contain a residual thickening at the weld not to exceed 0.006 in. (0.15 mm) or 10 % of the nominal wall thickness, whichever is greater.

TABLE 6 Standard Dimensions, Weights, and Tolerances for Diameter and Wall Thickness for Straight Lengths

NOTE 1—Applicable to drawn temper tube only.

Standard Size, in.
Outside Diameter,

in. (mm)

Wall Thickness,
in. (mm)

Weight, lb/ft
(kg/m)

Tolerances

Copper UNS
Nos. C10100,

C10200,
C12000, and

C12200

Copper UNS
Nos. C10100,

C10200,
C12000, and

C12200

AverageA Outside Di-
ameter, Plus and Mi-

nus, in. (mm)

Wall Thickness,B,C Plus
and Minus, in. (mm)

3⁄8 0.375 (9.52) 0.030 (0.762) 0.126 (0.187) 0.001 (0.025) 0.0035 (0.089)
1⁄2 0.500 (12.7) 0.035 (0.889) 0.198 (0.295) 0.001 (0.025) 0.0035 (0.089)
5⁄8 0.625 (15.9) 0.040 (1.02) 0.285 (0.424) 0.001 (0.025) 0.0035 (0.089)
3⁄4 0.750 (19.1) 0.042 (1.07) 0.362 (0.539) 0.001 (0.025) 0.0035 (0.089)
3⁄4
7⁄8 0.875 (22.3) 0.045 (1.14) 0.455 (0.677) 0.001 (0.025) 0.004 (0.10)

11⁄8 1.125 (28.6) 0.050 (1.27) 0.655 (0.975) 0.0015 (0.038) 0.004 (0.10)
13⁄8 1.375 (34.9) 0.055 (1.40) 0.884 (1.32) 0.0015 (0.038) 0.0045 (0.11)
15⁄8 1.625 (41.3) 0.060 (1.52) 1.14 (1.70) 0.002 (0.051) 0.0045 (0.11)
21⁄8 2.125 (54.0) 0.070-(1.78) 1.75 (2.60) 0.002 (0.051) 0.006 (0.15)
25⁄8 2.625 (66.7) 0.080 (2.03) 2.48 (3.69) 0.002 (0.051) 0.006 (0.15)
31⁄8 3.125 (79.4) 0.090 (2.29) 3.33 (4.96) 0.002 (0.051) 0.007 (0.18)
35⁄8 3.625 (92.1) 0.100 (2.54) 4.29 (6.38) 0.002 (0.051) 0.007 (0.18)
41⁄8 4.125 (105) 0.110 (2.79) 5.38 (8.01) 0.002 (0.051) 0.009 (0.23)

AThe average outside diameter of a tube is the average of the maximum and minimum outside diameters as determined at any one cross section of the tube.
BThe tolerances listed represent the maximum deviation at any point.
CMay contain a residual thickening at the weld not to exceed 0.006 in. (0.15 mm) or 10 % of the nominal wall thickness, whichever is greater.

TABLE 7 Roundness Tolerance

NOTE 1—Applicable to drawn unannealed straight length tube only.

t/D (Ratio of Wall Thick-
ness to Nominal Outside

Diameter)

Roundness Tolerance, Percent of Nominal
Outside Diameter (Expressed to Nearest

0.001 in. or 0.010 mm)

0.01 to 0.03, incl 1.5
Over 0.03 to 0.05, incl 1.0
Over 0.05 to 0.10, incl 0.8
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NOTE 1—For the purpose of determining conformance with the dimen-
sional requirements prescribed in this specification, any measured value
outside the specified limiting values for any dimension may be cause for
rejection.

12. Workmanship, Finish and Appearance

12.1 The finished tube shall be smooth, free of internal and
external mechanical imperfections, and shall have a clean,
bright appearance.

13. Sampling

13.1 The lot size, portion size, and selection of sample
pieces shall be as follows:

13.1.1 Lot Size—For tube, the lot size shall be 10 000 lb
(4 550 kg) or fraction thereof.

13.1.2 Portion Size—Sample pieces shall be taken for test
purposes from each lot in accordance with the following
schedule:

Number of Pieces
in Lot

Number of Sample
Pieces to Be TakenA

1 to 50 1
51 to 200 2

201 to 1500 3
Over 1500 0.2 % of the total number

of the in the lot, but not to
exceed 10 sample pieces

___________
AEach sample piece shall be taken from separate tube.

13.2 Chemical Analysis:
13.2.1 Samples for chemical analysis shall be taken in

accordance with Practice E 255. Drillings, millings, and so
forth shall be taken in approximately equal weight from each of
the sample pieces selected in accordance with 13.1.2 and
combined into one composite sample. The minimum weight of
the composite sample that is to be divided into three equal parts
shall be 150 g.

13.2.1.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semifinished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, the manufacturer shall not be required
to sample and analyze the finished product. The number of
samples taken for determination of chemical composition shall
be as follows:

(1) When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

(2) When samples are taken from the semifinished product,
a sample shall be taken to represent each 10 000 lb (4550 kg)
or fraction thereof, except that not more than one sample shall
be required per piece.

(3) Because of the discontinuous nature of the processing of
castings into wrought products, it is not practical to identify
specific casting analysis with a specific quantity of finished
material.

(4) In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

13.3 For other tests, unless otherwise provided in the
product specification, test specimens shall be taken from two of
the sample pieces selected in accordance with 13.1.2.

13.4 In the case of tube furnished in coils, a length sufficient
for all necessary tests shall be cut from each coil selected for
the purpose of tests. The remaining portions of these coils shall
be included in the shipment, and the permissible variations in
length on such coils shall be waived.

14. Number of Tests and Retests

14.1 Tests:
14.1.1 Chemical Analysis—Chemical composition shall be

determined as the per element mean of the results from at least
two replicate analyses of the samples, and the results of each
replication must meet the requirements of the product specifi-
cation.

14.1.2 Other Tests—Tensile strength, grain size, and elon-
gation shall be reported as individual test results obtained from
each of two pieces selected in accordance with 13.1.2, and each
specimen must meet the requirements of the product specifi-
cation.

14.1.2.1 When only one piece is to be sampled, all speci-
mens shall be taken from the piece selected.

14.1.2.2Grain Size—The average grain size of each speci-
men shall be the arithmetic average of at least three different
fields.

14.2 Retests:
14.2.1 When requested by the manufacturer or supplier, a

retest shall be permitted when test results obtained by the
purchaser fail to conform to the requirement(s) of the product
specification.

14.2.2 The retest shall be as directed in the product speci-
fication for the initial test, except the number of test specimens
shall be twice that normally required for the specified test.

14.2.3 All test specimens shall conform to the product
specification requirement(s) in retest. Failure to comply shall
be cause for rejection.

15. Specimen Preparation

15.1 Chemical Analysis—Preparation of the analytical test
specimen shall be the responsibility of the reporting laboratory.

15.2 Tensile Test—Tension test specimens shall be of the
full section of the tube and shall conform to the requirements
of the Specimen for Pipe and Tube section of Test Methods E 8
and E 8M unless the limitations of the testing machine pre-
clude the use of such a specimen. Test specimens conforming
to Fig. 13, Tension Test Specimens for Large-Diameter Tubular
Products, and the Specimen for Pipe and Tube section of Test
Methods E 8 and E 8M may be used when a full-section
specimen cannot be tested.

15.3 Grain Size—Test specimen shall be prepared in accor-
dance with Practice E 3.

15.4 Microscopical Examination—The test specimen shall
be prepared in accordance with Test Method A of Test Methods
B 577.

15.5 Hydrogen Embrittlement Susceptibility—The test
specimen shall be prepared in accordance with Test Method B
of Test Methods B 577.

15.6 Expansion Test—The test specimen shall conform to

B 640

5



the requirements of the Specimen Preparation section of Test
Methods B 153.

15.7 Flattening Test—A test specimen shall be cut to a
length that will allow the tube to be flattened at three places
along the length, with each flattened area to be at least 2 in.
(50.8 mm) in length. When the temper is other than annealed,
the sample may be annealed prior to testing.

15.8 Reverse Bend Test:
15.8.1 A representative tube sample shall be cut to a length

that will accommodate the test. The sample is permitted to be
annealed when the temper is other than annealed.

15.8.2 The product test specimen shall be cut longitudinally,
90° on each side of the weld, when visible or identifiable.

15.9 Cleanness Test—A section of straight tube, or a section
of a straightened tube from the outside end of a coil, not less
than 5 ft (1.5 m), shall be selected.

16. Test Methods

16.1 Chemical Analysis:
16.1.1 Composition shall be determined, in case of dis-

agreement, as follows:
Element Test Methods

Copper E 53
Phosphorus E 62

16.1.1.1 Refer to Annex 1 of Specification B 170 for test
methods to be followed in the determination of composition for
copper C10100 and oxygen in copper C10200.

16.1.1.2 Test methods for the determination of element(s)
required by contractual or purchase order agreement shall be as
agreed upon between the manufacturer and the purchaser.

16.2 Other Tests:
16.2.1 The product furnished shall conform to all other

requirements when subjected to tests in accordance with the
following table.

Requirement ASTM Standard

Grain size E 112
Tensile strength E 8
Expansion test B 153
Microscopical examination Test Method A, B 577
Hydrogen embrittlement susceptibility Test Method B, B 577
Flattening test 16.2.6
Reverse bend test 16.2.7
Electromagnetic (eddy-current) test E 243
Cleanness test 16.2.9

16.2.2 Grain Size—In case of dispute, the intercept method
shall be followed.

16.2.3 Tensile Strength, shall be determined in accordance
with Test Methods E 8 and E 8M. Whenever different tension
test results are obtained from both full-size and machined
specimens, the results obtained from full-size specimens shall
be used to determine conformance to the requirements of this
specification.

16.2.3.1 Tension test results on material covered by this
specification are not seriously affected by variations in speed of
testing. A considerable range of testing speed is permissible;
however, the rate of stressing to the yield strength should not
exceed 100 ksi (690 MPa)/min. Above the yield strength, the
movement per minute of the testing machine head under load

should not exceed 0.5 in./in. (0.5 mm/mm) of gage length (or
distance between grips for full-section specimens).

16.2.4 Microscopical Examination—In case of a dispute,
Test Method C of Test Methods B 577 shall be followed.

16.2.5 Hydrogen Embrittlement Susceptibility—In case of a
dispute, Test Method C of Test Methods B 577 shall be
followed.

16.2.6 Flattening Test—Each test specimen shall be flat-
tened in a press three times. The weld shall be placed in the
position of maximum bend on at least two of the three flattened
areas. The other position can be without regard to the position
of the weld. Each flattened area shall be at least 2 in. (50.8 mm)
in length. A flattened test specimen shall allow a micrometer
caliper set at three times the wall thickness to pass freely over
the flattened area.

16.2.7 Reverse Bend Test—The test specimen shall be
flattened and bent around a mandrel with a diameter four times
the wall thickness, with the mandrel parallel to the length and
in contact with the outside surface of the tube. The weld shall
be placed at the point of maximum bend.

16.2.8 Electromagnetic (Eddy-Current) Test:
16.2.8.1 Either notch-depth or drilled-hole, artificial discon-

tinuity, calibration standards shall be used.
16.2.8.2 The depth of the round bottom traverse notches,

rounded to the nearest 0.001 in. (0.025 mm), shall be 22 % of
the nominal wall thickness with a tolerance of60.0005 in.
(60.013 mm).

16.2.8.3 The diameters of the drilled holes in the artificial
discontinuity, calibration standard used to adjust the sensitivity
of the testing unit are shown in Table 8 and shall not vary by
more than +0.001, –0.000 in. (+0.026, –0.000 mm) of the hole
diameter specified.

16.2.8.4 The manufacturer shall have the option of using a
speed insensitive, eddy-current unit that is equipped capable of
selecting a fraction of the maximum unbalance signal. In such
instances, the following percent maximum unbalance signals
shall be used:

Standard Tube Size, in.
Maximum-Percent Unbalance Signal

Magnitude

Up to 3⁄8, incl. 0.2
1⁄2 to 2, incl. 0.3

Over 2 to 3, incl. 0.4

16.2.8.5 The specimens with discontinuities used to cali-
brate the testing unit shall be permitted to be placed in the strip
from which the tube will be manufactured. These calibration
discontinuities will pass through the continuous operations of
forming, welding, and eddy-current testing. The testing unit
sensitivity required to detect the resultant discontinuities shall
be equivalent to or greater than that required to detect the

TABLE 8 Diameter of Drilled Holes

Tube Outside Diameter, in. (mm)
Diameter of Drilled

Holes, in. (mm)
Drill

Number

1⁄4 to 3⁄4 (6.0 to 19.0), incl 0.025 (0.635) 72
Over 3⁄4 to 1 (19.0 to 25), incl 0.031 (0.785) 68
Over 1 to 11⁄4 (25 to 32), incl 0.036 (0.915) 64
Over 11⁄4 to 11⁄2 (32 to 38), incl 0.042 (1.07) 58
Over 11⁄2 to 13⁄4 (38 to 45), incl 0.046 (1.17) 56
Over 13⁄4 to 2 (45 to 50), incl 0.052 (1.32) 55
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notches or drilled holes.
16.2.8.6 The round-bottom, traverse-notch, calibration dis-

continuities shall be on the outside tube surface or inside tube
surface. The discontinuities, notch or drilled hole, shall be
spaced to provide signal resolution adequate for interpretation.
Each calibration discontinuity shall be detected by the testing
unit.

16.2.8.7 Tubes with discontinuities indicated by the testing
unit may, at the option of the manufacturer, be reexamined or
retested to determine whether the discontinuity is cause for
rejection. Signals that are found to have been caused by minor
mechanical damage, soil, or moisture, shall not be cause for
rejection of the tubes, provided the tube dimensions are still
within prescribed limits and the tube is suitable for its intended
application.

16.2.9 Cleanness Test:
16.2.9.1 In performing the test, care must be exercised to

clean the outside surface of the end of the sample to be
immersed in the solvent. The sample must be prepared in such
a manner as to prevent the inclusion of copper chips or dust in
the residue resulting from the cutting of the sample. Because of
test limitations, it is not required that straight-length tubes 13⁄8
in. (35 mm) and larger be tested in full lengths. For such tubes,
shorter lengths to a minimum of 5 ft (1.52 m) may be tested
with a correspondingly reduced maximum-permissible, residue
limit based upon 0.0035 g/ft2 (0.038 g/m2) of sample interior
surface.

16.2.9.2 Cap or plug one end of the tube and fill with
solvent to one eighth of its capacity. Cap or plug the filling end
and roll tubes on horizontal supports to thoroughly wash the
inside surface. A minimum quantity of 100 mL shall be used
for diameters up to1⁄2 in. (12.7 mm) and shall be increased
proportionately for the larger sizes.

16.2.9.3 Remove the cap or plug and pour the solvent into a
suitable clean weighed container. With adequate exhaust, the
solvent in the container shall be evaporated to near dryness at
a low temperature on a hot plate or sand bath. Overheating
should be avoided to prevent charring of the residue.

16.2.9.4 Place the container in a drying oven with the
temperature at 212 to 230°F (100 to 110°C) for 10 min. When
dry, remove the container, cool in a desiccator, and weigh.

16.2.9.5 A blank determination shall be run on the same
quantity of solvent as that used for the actual examination of
the tube sample.

16.2.9.6 Subtract the weight of the blank residue from the
weight of the tube cleaning solvent residue. The corrected
weight shall then be calculated to grams of residue per internal
area of the tube as follows:

C 5 A 2 B (1)

where:
A = weight of blank container plus residue,
B = net weight of empty container, and
C = weight of solvent residue from blank, g.

G 5 @~E 2 F! 2 C#/D (2)

where:

E = weight of container plus residue from tube,
F = net weight of container,
C = weight of residue from solvent blank,
D = internal area of sample tube, ft2 (see Tables 3 and 4),

and
G = weight of residue from tube, g/ft2.

17. Significance on Numerical Limits

17.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property Rounded Unit for Observed or
Calculated Value

Chemical composition nearest unit in the last right-hand place
of figures of the specified limit

Tensile strength nearest ksi (5 MPa)
Elongation nearest 1 %
Grain size:

Up to 0.055 mm, incl. nearest multiple of 0.005 mm
Over 0.055 to 0.160 mm, incl. nearest 0.01 mm

18. Report

18.1 When specified in the contract or purchase order, a
report of test results shall be furnished.

19. Inspection

19.1 The manufacturer or supplier shall inspect and make
tests necessary to verify the product furnished conforms to
specification requirements.

19.2 Source inspection of the product by the purchaser may
be agreed upon between the manufacturer or supplier and the
purchaser as part of the purchase order. In such case, the nature
of the facilities needed to satisfy the inspector representing the
purchaser shall be included in the agreement. All tests and the
inspection shall be conducted so as not to interfere unneces-
sarily with the operation of the works.

19.3 The manufacturer or supplier and the purchaser may
conduct the final inspection simultaneously by mutual agree-
ment.

20. Rejection and Rehearing

20.1 Rejection:
20.1.1 Product that fails to conform to the specification

requirements, when tested by the purchaser or purchaser’s
agent, may be rejected.

20.1.2 Rejection shall be reported to the manufacturer or
supplier promptly and in writing.

20.1.3 In case of dissatisfaction with the results of the test
upon which rejection is based, the manufacturer or supplier
may make claim for a rehearing.

20.2 Rehearing—As a result of product rejection, the manu-
facturer or supplier may make claim for a retest to be
conducted by the manufacturer or supplier and the purchaser.
Samples of the rejected product shall be taken in accordance
with the product specification and subjected to test by both
parties using the test method(s) specified in the product
specification, or, upon agreement of both parties, an indepen-
dent laboratory may be selected for the test(s) using the test
method(s) specified in the product specification.

B 640
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21. Certification

21.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification, and requirements have been met.

22. Product Marking

22.1 The name or trademark of the manufacturer and
“ACRW” shall be permanently marked (incised) on the tube at
intervals not greater than 18 in. (460 mm).

22.2 Straight length tube in H58 (drawn, general purpose)
temper shall be further identified throughout its length by a
continuous yellow colored stripe, symbol, or logo not less than
3⁄16 in. (4.76 mm) in height, including a legend repeated at
intervals not greater than 3 ft (0.91 m). The legend shall
include “ACRW,” the name or trademark, or both, of the
manufacturer, and the country of origin. Other information
may be included at the option of the manufacturer.

22.3 Such color marking is not applicable to tube furnished
in coils.

23. Packaging and Package Marking

23.1 Packaging—The product shall be separated by size,
composition, and temper and prepared for shipment in such a
manner as to ensure acceptance by common carrier for
transportation and to afford protection from the normal hazards
of transportation.

23.2 Package Marking—Each shipping unit shall be legibly
marked with the purchase order number; metal or alloy
designation; temper; size; shape; total length or piece count, or
both; gross and net weight; and name of supplier. The
specification number shall be shown when specified.

24. Keywords

24.1 air conditioning; copper; refrigeration; welded tube

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order for agencies of the U. S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:7

Fed. Std. No. 102 Preservation. Packaging and Packing
Levels

Fed Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.2 Military Standard:7

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:7

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the manufacturer is
responsible for the performance of all inspection and test
requirements specified. Except as otherwise specified in the
contract or purchase order, the manufacturer may use his own
or any other suitable facilities for the performance of the
inspection and test requirements specified unless disapproved

by the purchaser. The purchaser shall have the right to perform
any of the inspections and tests set forth in the specification
where such inspections are deemed necessary to ensure that the
material conforms to prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, Level A or C and packed, Level A, B, or C as
specified in the contract or purchase order, in accordance with
the requirements of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

7 Available from Naval Publications and Forms Center, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111–5094, ATTN: NPODS.
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric
equivalents are expressed as megapascal (MPa), which is the
same as MN/m2 and N/mm2.

SUMMARY OF CHANGES

Subcommittee B05.04 has identified the location of selected changes to this standard since the last issue
(B 640 – 93) that may impact the use of this standard.

B 640 – 00:
(1) Copper UNS Nos. C10300 and C10800 and Copper Alloy
UNS Nos. C19200 and C19400 were removed.
(2) A five-year review was conducted. Editorial changes were
made to incorporate current form and style practices.

(3) The following sections were added: Temper, Performance
Requirements, Specimen Preparation, Report, Inspection, Cer-
tification, Product Marking, Keywords, and Summary of
Changes.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Designation: B 643 – 00 e1

Standard Specification for
Copper-Beryllium Alloy Seamless Tube 1

This standard is issued under the fixed designation B 643; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

e1 NOTE—Referenced Documents were editorially corrected in November 2003.

1. Scope*

1.1 This specification establishes requirements for copper-
beryllium alloy seamless tube in straight lengths. Copper Alloy
UNS C17200 will be the alloy furnished whenever Specifica-
tion B 643 is specified.

1.2 Units—The values given in parentheses are mathemati-
cal conversions to SI units, which are provided for information
only and are not considered standard.

1.3 The following safety hazard caveat pertains only to the
test methods described in this specification.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 194 Specification for Copper-Beryllium Alloy Plate

Sheet, Strip and Rolled Bar2

B 251 Specification for General Requirements for Wrought
Seamless Copper and Copper-Alloy Tube2

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 3 Practice for Preparation of Metallographic Specimens3

E 8 Test Methods for Tension Testing of Metallic Materials3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 112 Test Methods for Determining Average Grain Size3

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition5

E 527 Practice for Numbering Metals and Alloys (UNS)6

3. General Requirements

3.1 The following sections of Specification B 251 (as noted)
constitute a part of this specification:

3.1.1 Workmanship, Finish and Appearance,
3.1.2 Significance of Numerical limits,
3.1.3 Inspection,
3.1.4 Rejection and Rehearing,
3.1.5 Certification,
3.1.6 Mill Test Report, and
3.1.7 Packaging and Package Marking.

4. Terminology

4.1 Definitions—For terms relating to copper and copper
alloys, refer to Terminology B 846.

4.2 Definitions of Terms Specific to This Standard:
4.2.1 average diameter (for round tubes only), n—the

average of the maximum and minimum outside diameters, or
maximum and minimum inside diameters, whichever is appli-
cable, as determined at any one cross section of the tube.

4.2.2 lengths, n—straight pieces of the product.
4.2.2.1 ends, n—straight pieces, shorter than the nominal

length, left over after cutting the product into mill lengths,
stock lengths, or specific lengths. They are subject to minimum
length and maximum weight requirements.

4.2.2.2 specific, adj—straight lengths that are uniform in
length, as specified, and subject to established length toler-
ances.

4.2.2.3 specific with ends, adj—specific lengths, including
ends.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved March 10, 2000. Published May 2000. Originally
published as B 643 – 78. Last previous edition B 643 – 94.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.

4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



4.2.2.4 stock, n—straight lengths that are mill cut and stored
in advance of orders. They are usually 8, 10, 12, or 20 ft (2.44,
3.05, 3.66, or 6.10 m) and subject to established length
tolerances.

4.2.2.5 stock with ends, adj—stock lengths, including ends.
4.2.3 tube, n—a hollow product of round or any other cross

section having a continuous periphery.
4.2.3.1 tube, seamless, adj—a tube produced with a con-

tinuous periphery in all stages of the operations.

5. Ordering Information

5.1 Include the following information:
5.1.1 Quantity, number of pieces or pounds,
5.1.2 Copper (Alloy) UNS number (see 1.1),
5.1.3 Temper (see Section 8),
5.1.4 Dimensions, including length if applicable,
5.1.5 How furnished, stock lengths with or without ends,

specific lengths with or without ends,
5.1.6 ASTM designation and year of issue,
5.1.7 Special tests or exceptions, if any,
5.1.8 Hardness tests, if required,
5.1.9 Special tests such as tension test or grain size, if

required,
5.1.10 Special marking or packaging, if required,
5.1.11 Inspection, if required (see Specification B 251),
5.1.12 Certification, if required (see Specification B 251),

and
5.1.13 Mill test report, if required (see Specification B 251).
5.2 When material is purchased for agencies of the U. S.

Government, this shall be specified in the contract or purchase
order, and the material shall conform to the Supplementary
Requirements as defined in the current issue of Specification
B 251.

6. Materials and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be Alloy C17200,

cast and worked into tubular form, and of such purity and
soundness as to be suitable for processing into the products
prescribed herein.

6.1.2 The tube shall have heat traceable identity.
6.2 Manufacture:
6.2.1 The product shall be manufactured by a combination

of hot and cold working, annealing, or precipitation heat
treatment, or both, as to produce a uniform wrought structure
in the finished product, to meet the temper specified.

7. Chemical Composition

7.1 The material shall conform to the chemical requirements
shown in Table 1.

7.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and purchaser. Copper may be given as remain-
der and may be taken as the difference between the sum of all
elements analyzed and 100 %. When all elements in Table 1 are
analyzed, their sum shall be 99.5 % minimum.

8. Temper

8.1 Tempers available under this specification are solution
heat-treated TB00 (A) and cold drawn hard TD04 (H), to be
precipitation heat-treated by the user (see Table 2). Also
available are products already precipitation heat-treated by the
manufacturer, tempers TF00 (AT) and TH04 (HT). These
products meet property requirements in Table 3 and normally
require no further heat treatment by the user.

8.2 Tempers available under this specification are defined in
Practice B 601.

9. Precipitation Heat Treatment

9.1 When material is purchased in the TB00(A) or the
TD04(H) tempers, the precipitation heat treatment is per-
formed by the purchaser.

9.2 When testing for conformance to the TF00(AT) and the
TH04(HT) property requirements shown in Table 3 for prod-
ucts supplied in the TB00(A) and TD04(H) tempers, the
appropriate test specimens shall be heat treated for times and
temperatures within those stated in Table 4. The times and
temperatures used by the manufacturer to qualify the material
will be stated on the mill test report. The use of other times and
temperatures, within the allowable ranges, shown in Table 4,
may produce properties other than those stated on the mill test
report. This will not be cause for rejection.

9.3 This material may be heat-treated at other times and
temperature for specific applications. These special combina-
tions of properties, such as increased ductility, dimensional
accuracy, endurance life, may be obtained by special
precipitation-hardening heat treatments. The mechanical re-
quirements of Table 3 do not apply to such special heat

TABLE 1 Chemical Requirements

Element
Composition, %

Copper Alloy UNS No. C17200

Beryllium 1.80–2.00
Additive elements:

Nickel + cobalt, min 0.20
Nickel + cobalt + iron, max 0.6

Aluminum, max 0.20
Silicon, max 0.20
Copper remainder

TABLE 2 Mechanical Property Requirements Before Precipitation Heat Treatment

Temper DesignationA Diameter Distance Between
Cross-Sectional

Parallel Surfaces, in. (mm)

Rockwell
Hardness,B

B Scale

Tensile StrengthC

Standard Former ksiD (MPa)

TB00 Solution-heat treated (A) 3⁄4 (19.1) and over 45–85 60–85 (410–570)
TD04 Hard (H) 3⁄4 (19.1) and over 88–103 85–115 (590–800)

AStandard designations defined in Practice B 601.
BHardness values shown apply only to direct determinations, not converted values.
CHardness is the normal commercial acceptance criterion. Mechanical properties apply only when specifically required.
Dksi = 1000 psi.
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treatments. Specific test requirements as needed shall be agreed
upon between the manufacturer, or supplier, and the purchaser
of the end product.

9.4 TF00 (AT) and TH04 (HT) tempers are standard mill-
hardened products that have been precipitation heat-treated and
tested by the manufacturer. An appropriate time and tempera-
ture has been used to produce properties within the specifica-
tion limits shown in Table 3. Table 4 does not apply. Further,
thermal treatments of these tempers is not normally required.

10. Physical Property Requirements

10.1 Microstructure and Grain Size
10.1.1 The product in the precipitation heat-treated condi-

tion shall have a microstructure with a minimum of second
phase (beta) constituents.

10.1.2 Grain size, if required, shall be agreed upon between
the purchaser and the manufacturer or the supplier and shall be
determined in accordance with Test Methods E 112.

11. Mechanical Property Requirements

11.1 Mechanical property requirements are as specified in
Tables 2 and 3.

11.2 Rockwell Hardness—Rockwell hardness normally is
used as the acceptance or rejection test for any product form for
any temper.

11.3 Tension Test—Tension test properties apply for accep-
tance or rejection, only when specifically required in the
contract or purchase order.

12. Dimensions, Mass, and Permissible Variations

12.1 General:
12.1.1 The standard method of specifying wall thickness

shall be in decimal fractions of an inch.
12.1.2 For the purpose of determining conformance with the

dimensional requirements prescribed in this specification, any

measured value outside the specified values for any dimension
may be cause for rejection.

12.1.3 Tolerances on a given tube may be specified with
respect to any two, but not all three, of the following: outside
diameter, inside diameter, wall thickness.

NOTE 1—Blank spaces in the tolerance tables indicate either that the
material is not generally available or no tolerances have been established.

12.2 Wall-Thickness Tolerances—Wall-thickness tolerances
shall be in accordance with Table 5 and Table 6.

12.3 Diameter Tolerances—Diameter tolerances shall be in
accordance with Table 7.

12.4 Length Tolerances—Length tolerances shall be in ac-
cordance with Table 8.

12.5 Squareness—For tube in straight lengths, the departure
from squareness of the end shall not exceed the following:

Specified Outside

Diameter, in. (mm) Tolerance, in./in. (mm/mm)

3⁄4 (19.1) and over 0.062

12.6 Straightness—Refer to Table 7 of Specification B 251.

13. Sampling

13.1 Sampling—Sample pieces shall be taken from a heat
and lot of material processed simultaneously in the same
equipment, as follows:

13.1.1 Heat—A heat shall be the result of castings poured
simultaneously from the same source of molten metal.

13.1.2 Lot—The lot shall be a heat, or fraction thereof.

14. Number of Tests and Retests

14.1 Section 8 of Specification B 251 constitutes a part of
this specification.

14.2 Other Tests:
14.2.1 Test specimens shall be taken from the sample pieces

selected in accordance with 13.1 for Rockwell hardness. When
required, they shall be taken for tension tests.

14.2.1.1 In the case of product shipped in the TB00 or TD04
condition, two test specimens shall be taken from each sample
piece. One is to be tested in the as-sampled condition and one
in the precipitation heat-treated condition.

14.2.1.2 In the case of product shipped in the precipitation
heat-treated condition, one specimen form each sample shall be
tested.

14.2.2 Microstructure and grain-size, when required.

TABLE 3 Tensile Strength and Hardness Requirements After Precipitation Heat Treatment A

Temper DesignationB
Diameter or Distance

Between Cross-Sectional
Parallel Surfaces, in. (mm)

Rockwell
Hardness, C,

min

Tensile StrengthC Yield Strength (min) (0.2 %
Offset)

Elongation
(min) in
4 3 DStandard Former ksiD (MPa) ksi (MPa)

TF00 AT 5⁄8 (15.9) and over 36 165–190E (1140–1310) 130 (900) 3 %
TH04 HT 5⁄8 (15.9) to 1 (25.4) incl 38 180–215E (1240–1480) 155 (1070) 4 %

Over 1 (25.4) to 2 (50.8) incl 37 175–215E (1210–1480) 150 (1040) 4 %
Over 2 (50.8) to 31⁄2 (88.9)
incl

37 175–215E (1210–1480) 140 (970) 4 %

AThese values apply to mill products. See 9.3 for exceptions in end products.
BStandard designations defined in Practice B 601.
CHardness is the normal commercial acceptance criterion. Mechanical properties apply only when specifically required.
Dksi = 1000 psi.
EThe upper limits in the tensile strength column are for design guidance only.

TABLE 4 Standard Precipitation Heat-Treatment Time for
Acceptance Tests

Temper Designation

Diameter

Time at
600

to 675°F
(316 to

357°C), h

Before Hardening

Standard Former

TF00
TH04

Solution-heat treated (A)
Hard (H)

all sizes
all sizes

3–4
2–3
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14.2.2.1 In the case of product shipped in the TB00 or TD04
condition, one specimen shall be taken from each sample,
precipitation heat-treated, and tested.

14.2.2.2 In the case of product shipped in the precipitation
heat-treated condition, one specimen from each sample shall be
tested.

15. Specimen Preparation

15.1 Chemical Analysis—Sample preparation shall be in
accordance with Practice E 255.

15.1.1 Analytical specimen preparation shall be the respon-
sibility of the reporting laboratory.

15.2 Tension Tests—Sample preparation shall be in accor-
dance with Section 9 of Specification B 251.

15.3 Grain Size—Sample preparation shall be in accordance
with Practice E 3.

TABLE 5 Wall-Thickness Tolerances—TD04 (H) and TH04 (HT) Tempers A

NOTE 1—Maximum Deviation of Any Point—The following tolerances are plus and minus: if tolerances all plus or all minus are desired double the
values given.

Wall Thickness, in. (mm)

Outside Diameter, in. (mm)

Over 5⁄8 to
1 (15.9 to 25.4),

incl

Over 1 to 2
(25.4 to 50.8),

incl

Over 2 to 4
(50.8 to 102),

incl

Over 4 to 7
(102 to 173),

incl

Over 7 to 12
(173 to 305),

incl

... ...

... ...

... ...
Over 0.034 (0.864), to 0.057 (1.45) incl 0.0045 (0.11) 0.0045 (0.11) 0.0065 (0.17) 0.009 (0.23) ...
Over 0.057 (1.45) to 0.082 (2.08) incl 0.005 (0.13) 0.005 (0.13) 0.0075 (0.19) 0.010 (0.25) 0.013 (0.33)
Over 0.082 (2.08) to 0.119 (3.02) incl 0.0065 (0.17) 0.0065 (0.17) 0.009 (0.23) 0.011 (0.28) 0.014 (0.36)
Over 0.119 (3.02) to 0.164 (4.17) incl 0.007 (0.18) 0.0075 (0.19) 0.010 (0.25) 0.013 (0.33) 0.015 (0.38)
Over 0.164 (4.17) to 0.219 (5.56) incl 0.009 (0.23) 0.010 (0.25) 0.012 (0.30) 0.015 (0.38) 0.018 (0.46)
Over 0.219 (5.56) to 0.283 (7.19) incl 0.012 (0.30) 0.013 (0.33) 0.015 (0.38) 0.018 (0.46) 0.020 (0.51)
Over 0.283 (7.19) to 0.379 (9.62) incl 0.014 (0.36) 0.015 (0.38) 0.018 (0.46) 6 %B 6 %B

Over 0.379 (9.62) ... 6 %B 6 %B B B

AWhen tube is ordered by outside and inside diameters, the maximum plus and minus deviation of the wall thickness from the nominal at any point shall not exceed
the values given in this table more than 50 %.

BPercent of the specified wall thickness expressed to the nearest 0.001 in. (0.025 mm).

TABLE 6 Wall-Thickness Tolerances—TB00 (A) and TF00 (AT) Tempers A

NOTE 1—Maximum Deviation of Any Point—The following tolerances are plus and minus: if tolerances all plus or all minus are desired double the
values given.

Wall Thickness, in. (mm)

Outside Diameter, in. (mm)

5⁄8 to 1 (15.9
to 25.4)

Over 1 to 2 (25.4
to 50.8)

Over 2 to 4 (50.8
to 102)

Over 4 (102)

Over 0.125 (3.2) to 0.250 (6.5) incl 60.014 (0.36) 60.017 (0.43) 60.020 (0.51) 60.030 (0.76)
Over 0.250 (6.5) to 0.500 (12.7) incl 60.017 (0.43) 60.023 (0.58) 60.032 (0.81) 60.053 (1.35)
Over 0.500 (12.7) to 1.000 (25.4) incl ... 60.030 (0.76) 60.053 (1.35) 60.083 (2.11)
Over 1.000 (25.4) ... ... 60.068 (1.73) 60.098 (2.49)

AWhen tube is ordered by outside and inside diameters, the maximum plus and minus deviation of the wall thickness from the nominal at any point shall not exceed
the values given in this table more than 50 %.

TABLE 7 Average Diameter Tolerances A

Specified Diameter,
in. (mm)

Tolerance, Plus and Minus, in. (mm)B

Cold-Worked
Tube

Hot-Worked
Tube

Over 1⁄2 (12.7) to 3⁄4 (19.1), incl 0.003 (0.08) 0.020 (0.51)
Over 3⁄4 (19.1) to 1 (25.4), incl 0.006 (0.15) 0.020 (0.51)
Over 1 (25.4) to 2 50.8), incl 0.008 (0.20) 0.030 (0.76)
Over 2 (50.8) to 3 (76.2), incl 0.010 (0.25) 0.040 (1.02)
Over 3 (76.2) to 4 (102), incl 0.012 (0.30) 0.050 (1.27)
Over 4 (102) to 5 (127), incl 0.016 (0.41) 0.060 (1.52)
Over 5 (127) to 6 (152), incl 0.018 (0.46) 0.060 (1.52)
Over 6 (152) to 8 (203), incl 0.020 (0.51) 0.060 (1.52)
Over 8 (203) to 12 (305), incl 0.030 (0.76) 0.060 (1.52)
AWhen tube is ordered by outside and inside diameters, the maximum plus and

minus deviation of the wall thickness from the nominal at any point shall not
exceed the values given in this table more than 50 %.

BTolerance applies to inside or outside diameter.

TABLE 8 Length Tolerance—All Tempers A

NOTE 1—Tolerances are all plus: if all minus tolerances are desired use
the same values: if tolerances plus and minus are desired, halve the values
given

Length

Tolerances, in.
(mm)

Applicable Only to Full-Length
Pieces

Outside Diame-
ters Up to 1 in.
(25.4 mm) incl

Outside Diame-
ters Over 1 in.
(25.4 mm) to 4
in. (102 mm)

incl

Outside Diame-
ters Over 4 in.

(102 mm)

Specific lengths:
Up to 6 in. (152 mm), incl 1⁄32 (0.79) 1⁄16 (1.6) 1⁄8 (3.2)
Over 6 in. (152 mm) to 2

ft (610 mm), incl

1⁄16 (1.6) 3⁄32 (2.4) 1⁄4 (6.4)

Over 2 ft (610 mm) to 6 ft
(1.83 m), incl

3⁄32 (2.4) 1⁄8 (3.2) 1⁄4 (6.4)

Over 6 ft (1.83 m) to 14 ft
(4.27 m), incl

1⁄4 (6.4) 1⁄4 (6.4) 1⁄2 (13)

Over 14 ft (4.27 m) 1⁄2 (13) 1⁄2 (13) 1 (25)
Specific lengths with ends 1 (25) 1 (25) 1A (25)
Stock lengths with or with-

out ends
1A (25) A (25)

A As stock lengths are cut and placed in stock in advance of orders, departure
from this tolerance is not practicable.
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15.4 Rockwell Hardness—The test specimens shall be of a
size and shape to permit testing by the available test equipment
and shall permit testing in a plane parallel to the direction of
deformation given to the product.

15.4.1 The surface of the test specimens shall be sufficiently
smooth and even to permit the accurate determination of
hardness.

15.4.2 Each specimen shall be free of scale and foreign
matter and care shall be taken to avoid change in condition,
that is, heating or cold working.

16. Test Methods
16.1 Section 10 of Specification B 251 constitutes a part of

this specification.

16.1.1 Chemical Analysis—Section 10.1 is amended to
include in the group of chemical analysis techniques, Specifi-
cation B 194 Annex.

16.1.2 Tension Test—Tension tests when required, shall be
made according to Test Method E 8.

16.1.3 Rockwell Hardness—Rockwell hardness shall be
determined in accordance with Test Method E 18.

17. Keywords

17.1 beryllium copper tube; copper UNS number C17200

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this specification since the last issue of
B 643–94 that may impact the use of this specification.

B 643–00:
(1) Alloy, tempers, and property requirements remain un-
changed.
(2) The required safety and hazard caveat was added.
(3) Reference to Terminology B 846 and Practice E 8 were
added.
(4) The wording of the General Requirements, Materials and
Manufacture, Number of Tests and Retests, and Specimen
Preparation was expanded or adjusted to meet the requirements

of the B05 Outline of Form of Standards.

(5) The Sampling section was adjusted to include an identifi-
cation of a heat.

(6) The Number of Tests and Retests section was added.

(7) The Test Methods section was amended to include the
appropriate chemical analysis technique for beryllium.

(8) Supplementary requirements were included by reference to
Specification B 251.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 644 – 95 (Reapproved 2003)

Standard Specification for
Copper Alloy Addition Agents 1

This standard is issued under the fixed designation B 644; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes the requirements for cop-
per nickel, ferro copper, phosphor copper, and silicon copper
master alloys in ingot, shot, and waffle form to be used as
addition agents for cast and wrought alloys.

1.2 Inch-pound units are the standard. SI units given in
parenthesis are for information only.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformation With Specification2

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition3

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)3

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys3

E 478 Test Methods for Chemical Analysis of Copper
Alloys3

E 1371 Test Method for Gravimetric Determination of
Phosphorus in Phosphorus-Copper Alloys and Phosphorus-
Copper-Silver Alloys3

2.2 ISO Standard:
No. 4748 Determination of Iron Content; Na2EDTA Titri-

metric Method4

3. Ordering Information

3.1 Orders for materials should include the following infor-
mation:

3.1.1 ASTM designation and year of issue (for example
B 644-XX).

3.1.2 Alloy number and letter; generic name (Table 1),
3.1.3 Form; size, weight, screen distribution,
3.1.4 Quantity or total weight; each form, size, weight,

screen distribution.

4. Material and Manufacture

4.1 Material:
4.1.1 Any material may be used which, when melted, will

form an alloy of the required composition.
4.2 Manufacture:
4.2.1 Any manufacturing process may be used that will

yield a product uniform in composition and free of defects of
a nature that would render the product unsuitable for the
intended application.

5. Chemical Composition

5.1 The product in final form shall conform to the require-
ments prescribed in Table 1 for the specified alloy.

5.1.1 These specification limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

6. Sampling

6.1 The inspection lot size, portion size, and selection of
portion pieces shall be as follows:

6.1.1 Lot Size—An inspection lot shall consist of all product
from a single heat.

6.1.2 Portion Size:
6.1.2.1 Ingot and Shot—The portion size shall be not less

than 1 ingot.
6.1.2.2 Shot and Waffle—The portion size for product in

shot or waffle form shall be not less than 1 lb (0.453 kg) and
shall be selected to consist of an average of all sizes of product
in the lot.

6.1.3 Selection of Portion Pieces—The individual pieces
shall be randomly selected.

6.2 Chemical Analysis:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.05 on
Castings and Ingots for Remelting.

Current edition approved Apr. 10, 2003. Published June 2003. Originally
approved in 1982. Last previous edition approved in 1995 as B 644 - 95.

2 Annual Book of ASTM Standards, Vol 14.02.
3 Annual Book of ASTM Standards, Vol 03.05.
4 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,

4th Floor, New York, NY 10036.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



6.2.1 The sample for chemical analysis shall be taken from
the pieces selected in 6.1.2 in accordance with Practice E 255.
The minimum weight of the composite sample shall be 150 g.

6.2.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of sampling
during the pouring of the product. At least two samples shall be
taken for each lot poured from the same source of molten
metal.

6.2.2.1 When the manufacturer determines chemical com-
position during the course of manufacture, sampling of the
finished product is not required.

7. Number of Tests and Retests
7.1 Tests:
7.1.1 Chemical Analysis—Composition shall be determined

as the average of results from at least two replicate determi-
nations for each element specified in Table 1 for the specified
alloy.

7.2 Retests:
7.2.1 Chemical Analysis:
7.2.1.1 When requested by the manufacturer or supplier, a

retest shall be permitted should test results obtained by the
purchaser fail to conform with the requirements of Table 1 for
the specified alloy.

7.2.1.2 The retest shall be as directed in 7.1 except the
number of replicate determinations shall be twice that normally
required by this specification. All determinations shall conform
to specification requirements. Failure to comply shall be cause
for lot rejection.

8. Specimen Preparation
8.1 Chemical Composition:
8.1.1 Preparation of the analytical specimen shall be the

responsibility of the reporting laboratory.

9. Test Methods
9.1 Test methods used for quality control or production

control, or both, for the determination of conformance to
chemical compositional requirements are discretionary.

9.1.1 Test methods used for obtaining data for the prepara-
tion of certification or test report shall be made available to the
purchaser on request.

9.2 Chemical Composition:

9.2.1 In case of disagreement, the test method to be fol-
lowed for a specific element and concentration shall be as
indicated in the following table:

Element Range or Max % Method
Aluminum 0.25 E 478
Carbon 0.05 E 76
Copper 99.75 E 478
Iron 1.25 E 478

9.0–11.0 ISO 4748; Titrimetric
48.5–51.5 ISO 4748; Titrimetric

Lead 0.05 E 478; Atomic Absorption
Manganese 0.10–0.7 E 62
Nickel 0.10 E 478; Photometric

incl Cobalt 48–51 E 76
Phosphorus 0.01–1.0 E 62

8.0–14.0 E 1371
Silicon 0.05–32 E 54; Perchloric Acid Dehydration
Sulfur 0.05–0.08 E 76; Direct Combustion
Tin 0.01–1 E 478 Photometric
Zinc 0.10 E 478; Atomic Absorption

9.2.2 The determination of calcium and magnesium, for
which no recognized test method is known to be published,
shall be subject to agreement between the manufacturer or
supplier and the purchaser.

9.2.3 Test method(s) for the determination of elements
required by contractual or purchase order agreement shall be as
agreed upon between the manufacturer and the purchaser.

10. Significance of Numerical Limits

10.1 For purposes of determining compliance with the
specified limits for chemical composition an observed or
calculated value shall be rounded as indicated in accordance
with the Rounding-Off method of Practice E 29.

Property Rounded Limit for Observed or Calculated Value
Chemical Composition nearest unit in the last right-hand significant digit

used in expressing the limiting value

TABLE 1 Chemical Requirements

Element

Composition, max, % (unless shown as a range or minimum)

Copper-
Nickel

Ferro Copper Phosphor Copper Silicon Copper

Alloy 1A Alloy 2A Alloy 2B Alloy 3A Alloy 3B Alloy 4A Alloy 4B Alloy 4C Alloy 4D

Copper, min 46.5 88.7 48.2
Nickel (incl. cobalt) 48.0–51.0 0.10 0.10
Silicon 0.05 9.0–11.0 13.5–16.5 18.5–21.5 28.5–31.5
Copper + silicon + iron 99.4 min 99.4 min 99.4 min 99.4 min
Phosphorus 14.0 min 8.0–8.8
Phosphorus + copper 99.75 min 99.75 min
Iron 1.20 9.0–11.0 48.5–51.5 0.15 0.15 0.50 0.50 0.50 0.50
Aluminum 0.25 0.25 0.25 0.25
Tin 0.10 0.25 0.25 0.25 0.25
Calcium 0.15 0.15 0.15 0.15
Carbon 0.05 0.05 0.05
Sulfur 0.02
Lead 0.05
Zinc 0.10 0.10 0.10 0.10 0.10
Manganese 0.7 0.10 0.10
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11. Inspection

11.1 The manufacturer shall inspect and make tests neces-
sary to verify that the product furnished conforms to the
specified requirements.

12. Rejection and Rehearing

12.1 Rejection:
12.1.1 Product which fails to conform to the requirements

of this specification when inspected or tested by the purchaser
or purchaser’s agent may be rejected.

12.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly and in writing.

12.1.3 When dissatisfied with test results upon which rejec-
tion was based, the manufacturer, or supplier, may make claim
for a rehearing.

12.2 Rehearing:
12.2.1 As a result of product rejection, the manufacturer or

supplier may make claim for a retest to be conducted by the
manufacturer or supplier and the purchaser.

12.2.2 The portion selected for sampling shall be twice that
required in 6.1.2. Sampling of the rejected product shall be in
accordance with this specification and the composite sample
shall be tested by both parties using the test methods prescribed
in this specification, or, alternatively, upon agreement by both
parties, an independent laboratory may be selected for the
test(s) using the test methods prescribed in this specification.

13. Certification

13.1 The purchaser shall be furnished certification that
samples representing each lot have been either tested or
inspected as directed in this specification and the requirements
have been met.

14. Test Report (Foundry)

14.1 A report of the test results shall be furnished.

15. Packaging and Package Marking

15.1 The material shall be packaged in sound containers, or
shipped in bulk, in such a manner that none of the product is
lost or contaminated in shipment.

15.2 When the shipment is made in bulk, it shall be
accompanied by appropriate identification showing the mate-
rial, grade designation, ASTM designation, size, lot number,
and the name, brand, or trademark of the manufacturer.

15.3 When the shipment is made in containers, each shall be
marked either on the container or on a label or on a tag attached
thereto. The marking shall show the material, grade designa-
tion, ASTM designation, size, heat identification, gross, tare,
and net weight, and the name, brand, or trademark of the
manufacturer.

16. Keywords

16.1 copper alloys; copper alloy addition agents; copper
base alloys

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract or order, for agencies of the U.S. government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:5

Fed. Std. No. 102 Preservation, Packaging, and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. 185 Identification Marking of Copper and Copper-

Base Alloy Mill Products
S1.1.2 Military Standard:5

MIL-STD-129 Marking for Shipment and Storage
S1.1.3 Military Specification:5

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection:

S2.1.1 Unless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade or class, and shall be preserved and
packaged, level A or C, packed level A, B, or C as specified in

5 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, ATTN: NPODS.
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the contract or purchase order, in accordance with the require-
ments of MIL-C-3993.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:

S4.2.1 Military Agencies—In addition to any special mark-
ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 644 – 88)
that may impact the use of this standard.

(1) New sections with this revision are Terminology, Speci-
men Preparation, Significance of Numerical Limits, and Test
Report (Foundry).
(2) Sections that have been revised are: Scope, Materials and
Manufacturing, Chemical Composition, Tests and Retests,
Sampling, Inspection, Certification, Test Reports, Rejection

and Rehearing, and Packaging and Package Marking.
(3) Minimum limits have been established for copper in the
Copper-Nickel Alloy and the two Ferro Copper Alloys.
(4) Analytical test methods are identified for each element and
concentration.
(5) Certification is now mandatory with this revision.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 687 – 99

Standard Specification for
Brass, Copper, and Chromium-Plated Pipe Nipples 1

This standard is issued under the fixed designation B 687; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes the requirements for brass
and copper pipe nipples in standard pipe sizes from1⁄8 to 8 in.,
inclusive, in standard lengths, and chromium-plated pipe
nipples in standard pipe sizes from1⁄8 to 2 in., inclusive, in
standard lengths.

1.1.1 Chromium-plated pipe nipples ordered under this
specification are intended for interior use in decorative appli-
cations.

1.2 The values stated in inch-pound units are the standard.
The values given in parentheses are for information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 42 Specification for Seamless Copper Pipe, Standard

Sizes2

B 43 Specification for Seamless Red Brass Pipe, Standard
Sizes2

B 456 Specification for Electrodeposited Coatings of Cop-
per Plus Nickel Plus Chromium and Nickel Plus Chro-
mium3

B 846 Terminology for Copper and Copper Alloys2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

2.2 ANSI/ASME Standard:
B1.20.1 Pipe Threads, General Purpose (Inch)5

2.3 Military Standard:

MIL-STD-105 Sampling Procedures and Tables for Inspec-
tion by Attributes6

3. Terminology

3.1 Definitions:
3.1.1 For definitions of terminology used in this standard,

refer to Terminology B 846.
3.1.1.1 nipple, close, n
3.1.1.2 nipple, pipe, n
3.1.1.3 threads, short plumbing (hospital), n

4. Ordering Information

4.1 Contracts and purchase orders for product under this
specification are to contain the following information:

4.1.1 ASTM specification designation and year of issue,
4.1.2 Type of material (Section 5),
4.1.3 Weight of material; regular or extra strong,
4.1.4 Diameter; nominal or actual outside diameter,
4.1.5 Length; standard or special (8.2 and Table 2), and
4.1.6 Quantity; number of pieces or total weight of each

material and size.
4.2 The following options are available under this specifi-

cation and are to be specified in the contract or purchase order
when required:

4.2.1 Chromium plated finish,
4.2.2 Short Plumbing (hospital) threads,
4.2.3 Certification (Section 16), and
4.2.4 Test and Inspection Reports, if required (Section 17).
4.3 In addition, when material is purchased for agencies of

the U.S. government, it shall conform to the supplementary
requirements as defined herein when specified in the contract
or purchase order.

5. Materials and Manufacture

5.1 Product under this specification shall be produced from
pipe conforming to the requirements of Specification B 42 or
B 43, respectively.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved April 10, 1999. Published July 1999. Originally
published as B 687 – 81. Last previous edition B 687 – 96.

2 Annual Book of ASTM Standards,Vol 02.01.
3 Annual Book of ASTM Standards,Vol 02.05.
4 Annual Book of ASTM Standards,Vol 14.02.
5 Available from American National Standards Institute, 11 W. 42nd St., 13th

Floor, New York, NY 10036.

6 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, ATTN: NPODS.

1

*A Summary of Changes section appears at the end of this standard.
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5.1.1 Copper pipe nipples shall be produced from regular or
extra strong pipe conforming to the requirements of Specifi-
cation B 42.

5.1.2 Brass pipe nipples shall be produced from regular or
extra strong pipe conforming to the requirements of Specifi-
cation B 43.

5.1.3 Chromium-plated pipe nipples shall be produced from
regular weight brass pipe conforming to the requirements of
Specification B 43.

6. Chemical Composition

6.1 The chemical composition shall conform to the require-
ments of the specification under which the pipe was ordered.

7. Temper

7.1 The product temper and its properties and characteristics
shall conform to the requirements of the specification under
which the pipe was ordered.

8. Dimensions, Mass and Permissible Variations

8.1 Lengths:
8.1.1 The standard lengths and sizes of nipples generally

available are shown in Table 2. The availability of such nipples
indicated by pipe size are shown in Table 3.

8.1.2 Special lengths and sizes of nipples are permitted to be
specified when required. Standard and special lengths shall
conform to the tolerance requirements of 8.1.3.

8.1.3 Tolerances—Nipples with lengths up through 12 in.
(305 mm) long shall have a length tolerance of61⁄16 in. (1.6
mm). Nipples over 12 in. long shall have a tolerance of61⁄8 in.
(3.2 mm).

8.2 Threads:
8.2.1 Pipe nipples shall be threaded on both ends with NPT

Taper Pipe Threads conforming to the requirements of ANSI
B1.20.1, except for close nipples whereL4 andV are shorter,
due to fewer imperfect threads. It is standard manufacturing
practice on all other nipple lengths to vary theL4 6 two
threads. All other dimensions, tolerances, and gaging practices
remain the same as ANSI B1.20.1, and the Annex.

8.2.1.1 Threads shall be right hand on both ends, except
when otherwise specified.

8.2.2 Threads, Chromium-Plated Nipples—Threads on
chromium-plated nipples shall be gaged after plating. Threads
on 1⁄8 to 1-in. standard pipe size nipples shall be NPT Taper
Pipe Threads, in accordance with 8.2.1. Threads on 11⁄4 to 2-in.
standard pipe size nipples shall be short plumbing (hospital)
threads, in accordance with Table 1. On1⁄8 to 1-in. standard
pipe size nipples, short plumbing (hospital) threads, if speci-
fied, shall be in accordance with Table 1.

9. Workmanship, Finish and Appearance

9.1 End Finish—The ends of the pipe nipples shall be
chamfered on the outside at an angle of 356 10° to the central
axis. (It is standard practice that the1⁄8-in. nominal size nipples
need not be chamfered.) Ends shall be cut reasonably square to
the central axis. All burrs on the outside shall be removed.

9.2 Chromium Plating—Chromium plate on brass nipples
shall meet the requirements of service condition SC I of
Specification B 456, except the equivalent nickel thickness
shall be 0.003 mm.

10. Sampling

10.1 A random sample of pipe nipples shall be selected from
one production lot in accordance with MIL-STD-105 at In-
spection Level II. In terms of defects per 100 units, the
Acceptable Quality Level (AQL) shall be 1.5.

10.1.1 Production Lot—A production lot shall be as deter-
mined by the manufacturer, provided that all of the pipe used
in a single production lot shall comply with the provisions of
Section 5 and all of the nipples shall be of the same size,
length, type, weight, finish, and thread form.

11. Number of Tests and Retests

11.1 Allowances for resampling and retesting shall be in
accordance with the Inspection Level and Acceptable Quality
Levels detailed in 10.1.

12. Significance of Numerical Limits

12.1 For the purpose of determining compliance with the
specified limits for the requirements listed in the following
table, an observed value shall be rounded as indicated in
accordance with the rounding method of Practice E 29:

Property
Rounded Unit for

Observed or Calculated Value

Linear Dimensions
Tolerances

nearest unit in the last right-hand significant
digit used in expressing the limiting value

13. Inspection

13.1 Each sample nipple shall be examined visually to
verify conformance with each of the following requirements:

13.1.1 The material is the type and weight of material
specified,

13.1.2 The finish is as specified, if chromium-plated,
13.1.3 The ends are reasonably square to the central axis

and all burrs have been removed, and
13.1.4 Threads are not burred or damaged.
13.2 Each sample nipple shall be inspected to verify con-

formance with each of the following requirements:

TABLE 1 Short Plumbing (Hospital) Threads A,B

NOTE—Short plumbing (hospital) threads are normally used only on
chromium-plated nipples. The purpose of such threads is that a minimum
of thread shall remain exposed after the nipple is screwed into a fitting.

Nominal
Pipe Size,

NPS

Outside
Diameter
of Pipe, D

Threads
per in.,

N

Overall External
Thread Length, L4

Inches Threads

1⁄8 0.405 27 0.26 7
1⁄4 0.540 18 0.33 6
3⁄8 0.675 18 0.33 6
1⁄2 0.840 14 0.43 6
3⁄4 1.050 14 0.43 6
1 1.315 111⁄2 0.52 6

11⁄4 1.660 111⁄2 0.52 6
11⁄2 1.900 111⁄2 0.52 6
2 2.375 111⁄2 0.52 6

A All dimensions, except threads per inch, in inches.
B This table represents a modification of Table 2 of ANSI B1.20.1; L4 is modified

as shown. E2, L2, and V are modified accordingly. The threads shall meet the
gaging requirements of Sections 6 and 11 of this specification.
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13.2.1 Pipe size,
13.2.2 Length,
13.2.3 Thread dimensions, and
13.2.4 Chamfer.
13.3 Chromium Plating—Unless otherwise specifically

agreed upon between the manufacturer and the purchaser, the
individual samples need not be individually inspected as to
their chromium plating. It shall be sufficient for the manufac-
turer to certify that (a) random nipples from the chromium
plating process have been tested for conformance with Speci-
fication B 456 (which records shall be retained by the manu-
facturer) and do in fact conform and (b) there has been no
significant change in the chromium plating process since the
tests were last run.

13.3.1 If inspection of the individual nipples is agreed upon,
then it shall be conducted by any method allowed by Specifi-
cation B 456.

13.4 Pipe—The pipe from which each production lot is
manufactured shall be of the same size, type, and weight and
shall be tested in accordance with the applicable ASTM pipe
specification. At the option of the manufacturer, the pipe may
be tested by the manufacturer itself, by the pipe mill that
produced the pipe, or by an independent laboratory.

13.5 Source Inspection—If required, source inspection of
the product by the purchaser shall be established by agreement
between the manufacturer or supplier and purchaser at the time
of placing the order. In such cases, the nature of the facilities
necessary for the inspector to determine that the product is in

conformance to this specification shall be included in the
agreement. The inspection shall be conducted so as not to
unnecessarily interfere with normal operations.

14. Rejection and Rehearing

14.1 Rejection:
14.1.1 Product that fails to conform to the requirements of

this specification when inspected by the purchaser or purchas-
er’s agent, shall be subject to rejection.

14.1.2 Rejection shall be reported to the manufacturer or
supplier promptly and in writing.

14.1.3 In case of dissatisfaction with the results upon which
rejection is based, the manufacturer or supplier is permitted to
make claim for a rehearing.

14.2 Rehearing:
14.2.1 As a result of product rejection, the manufacturer or

supplier is permitted to make claim for a retest to be conducted
by the manufacturer or supplier and the purchaser. Samples of
the rejected product shall be taken in accordance with this
product specification, and subjected to test by both parties
using the test methods specified in the product specification, or,
alternatively, upon agreement of both parties, an independent
laboratory shall be selected.

15. Certification

15.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been tested or inspected as directed in this
specification and the requirements have been met.

16. Test and Inspection Reports

16.1 When specified in the contract or purchase order, a
report of test and inspection results shall be furnished.

17. Packaging and Package Marking

17.1 Individual nipples are not normally identified. Nipples
packaged shall have their containers legibly marked to show

TABLE 2 Pipe Nipples by Length and Pipe Size

Type of Nipple 1⁄8 1⁄4 3⁄8 1⁄2 3⁄4 1 11⁄4 11⁄2 2 21⁄2 3 31⁄2 4 5 6 8

Pipe Nipple Lengths, in.A,B

Close (cl) 3⁄4 7⁄8 1 11⁄8 13⁄8 11⁄2 15⁄8 13⁄4 2 21⁄2 25⁄8 23⁄4 27⁄8 3 31⁄8 31⁄2

11⁄2 11⁄2 11⁄2 11⁄2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2 2 2 2 2 2 2 2 . . . . . . . . . . . . . . . . . . . . . . . .
21⁄2 21⁄2 21⁄2 21⁄2 21⁄2 21⁄2 21⁄2 21⁄2 21⁄2 . . . . . . . . . . . . . . . . . . . . .
3 3 3 3 3 3 3 3 3 3 3 . . . . . . . . . . . . . . .
31⁄2 31⁄2 31⁄2 31⁄2 31⁄2 31⁄2 31⁄2 31⁄2 31⁄2 31⁄2 31⁄2 . . . . . . . . . . . . . . .
4 4 4 4 4 4 4 4 4 4 4 4 4 . . . . . . . . .
41⁄2 41⁄2 41⁄2 41⁄2 41⁄2 41⁄2 41⁄2 41⁄2 41⁄2 41⁄2 41⁄2 41⁄2 41⁄2 41⁄2 41⁄2 . . .
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
51⁄2 51⁄2 51⁄2 51⁄2 51⁄2 51⁄2 51⁄2 51⁄2 51⁄2 51⁄2 51⁄2 51⁄2 51⁄2 51⁄2 51⁄2 51⁄2
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11
12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

Right and left . . . . . . 4 4 4 4 4 4 4 . . . . . . . . . . . . . . . . . .
A Nipples shorter than close nipples are not recommended for pressure application.
B 1 in. = 25.4 mm.

TABLE 3 Pipe Nipple Sizes According to Material

Weight

Nominal Pipe Sizes, in.

1⁄8to 2
in., incl

21⁄4 to 4
in., incl

5 and 6
in.

8 in.

Regular weight brass X X X X
Extra strong brass X X X X
Regular copper X X X X
Extra strong copper X X . . . . . .
Chromium-plated regular brass X . . . . . . . . .
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brand or name of manufacturer, quantity, size, length, type of
material, weight of material (if other than regular), and finish
(if chromium-plated).

17.1.1 At the manufacturer’s option, large size, extra long
nipples and odd lots are bagged or bundled with tags identi-
fying the product as specified in 15.1.

17.2 Chromium-Plated Nipples—Except for close nipples,
chromium-plated nipples shall be individually packaged,
wrapped, or otherwise protected to ensure against nicking or
other cosmetic damage in transit.

17.3 Nipples shall be packaged and prepared for shipment
in such a manner as to ensure acceptance by common carrier
for transportation at the lowest rate applicable and to afford
protection from the normal hazards of transportation.

18. Keywords

18.1 close nipple; pipe nipple; short plumbing (hospital)
threads

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order for agencies of the U.S. government.

S1. Part Numbering System

S1.1 This supplement provides a part numbering system for
the identification of standard items for government use of
Specification B 687.

NOTE —The government encourages the general use of this part
numbering system to achieve maximum parts standardization.

S1.2 The part number consists of the document identifier
followed by the code for the weight of material (regular or
extra strong), a dash, dash number (Table S1.1), material code,
and, if applicable, finish code (see example).

Example—Part Identifying Number “B687R-198BP” is con-
structed as follows in Fig. S1.1:

TABLE S1.1 Dash Numbers for Regular and Extra Strong Brass or Copper Pipe Nipples

Nominal Pipe Size (in.) 1⁄8 1⁄4 3⁄8 1⁄2 3⁄4 1 11⁄4 11⁄2 2 21⁄2 3

Length 61⁄16 Dash Numbers

3⁄4 1A

7⁄8 20A

1 39A

1-1⁄8 58A

1-3⁄8 77A

1-1⁄2 6B 24B 42B 60B 96A

1-5⁄8 115A

1-3⁄4 134A

2 9 27 45 63 81B 99B 152A

2-1⁄2 10 28 46 64 82 100 118B 136B 154B 172A

2-5⁄8 191A

3 12 30 48 66 84 102 120 138 156 174B 192B

3-1⁄2 13 31 49 67 85 103 121 139 157 175 193
4 14 32 50 68 86 104 122 140 158 176 194

4-1⁄2 15 33 51 69 87 105 123 141 159 177 195
5 16 34 52 70 88 106 124 142 160 178 196

5-1⁄2 17 35 53 71 89 107 125 143 161 179 197
6 18 36 54 72 90 108 126 144 162 180 198

A Close type nipples.
B Short type nipples.
All others are long type nipples.
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ANNEX

(Mandatory Information)

A1. GAGING TECHNIQUES FOR MALE THREADS

A1.1 An NPT working ring gage, in accordance with ANSI
B1.20.1, shall be turned hand tight on the nipple threads. The
gage shall be tapped or rapped against a solid surface and the
gage again turned hand tight into the thread. Hand tight means
turning the gage until moderate resistance is encountered—no
excessive force shall be used. After the second tightening
operation, the end of the thread should be flush to the gage
face, plus or minus one turn.

A1.2 The usual technique for tapping or rapping the gage is
to swing the end of the fitting with the ring gage attached
through an arc of approximately 4 to 6 in. (102 to 152 mm) to
allow the gage to strike against a solid metal surface. This
tapping procedure is used to eliminate any binding due to slight
nicks or foreign matter in the threads.

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg · m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

The following changes have been incorporated since the 1996 issue as follows:

(1) A Supplementary Requirements section was added to
incorporate a Part Identification System for use with purchases

for the agencies of the U.S. Government.

FIG. S1.1 Example of Part Identifying Number
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Designation: B 694 – 03

Standard Specification for
Copper, Copper-Alloy, Copper-Clad Bronze (CCB), Copper-
Clad Stainless Steel (CCS), and Copper-Clad Alloy Steel
(CAS) Sheet and Strip for Electrical Cable Shielding 1

This standard is issued under the fixed designation B 694; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification establishes the requirements of cop-
per, copper alloy, copper-clad bronze (CCB), copper-clad
stainless steel (CCS), and copper-clad alloy steel (CAS)
materials, sheet, and strip, in various thicknesses, for use as
electrostatic or electromagnetic shielding for insulated power,
control, instrumentation, and communication cables.

NOTE 1—See Specification B 736, for related standards for aluminum-
based shielding materials.

1.2 The products covered are the following:
Copper or Copper Alloy

UNS No.
Type of Products

C11000 copper
C19400 copper-iron alloy
C22000 copper-zinc alloy (commercial bronze)
C23000 copper-zinc alloy (red brass)
C66400 copper-zinc-iron-cobalt alloy
C66410 copper-zinc-iron alloy
C66430 copper-zinc-iron-tin alloy
C71000 cupro-nickel 20 %

... copper-clad bronze (CCB)

... copper-clad stainless steel (CCS)

... copper-clad alloy steel (CAS)

1.3 The values stated in inch-pound units are the standard,
except for temperature and grain size which are given in SI
units. Values in parentheses are for information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
A 176 Specification for Stainless and Heat-Resisting Chro-

mium Steel Plate, Sheet, and Strip
A 505 Specification for Steel, Sheet and Strip, Alloy, Hot-

Rolled and Cold-Rolled, General Requirements for
B 152/B 152M Specification for Copper Sheet, Strip, Plate,

and Rolled Bar
B 248 Specification for General Requirements for Wrought

Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast

B 736 Specification for Aluminum, Aluminum Alloy, and
Aluminum-Clad Steel Cable Shielding Stock

B 846 Terminology for Copper and Copper Alloys
E 3 Guide for Preparation of Metallographic Specimens
E 8 Test Methods for Tension Testing of Metallic Materials
E 54 Test Methods for Chemical Analysis of Special

Brasses and Bronzes
E 62 Test Methods for Chemical Analysis of Copper and

Copper Alloys (Photometric Methods)
E 75 Test Methods for Chemical Analysis of Copper-Nickel

and Copper-Nickel-Zinc Alloys
E 112 Test Methods for Determining Average Grain Size
E 255 Practice for Sampling Copper and Copper Alloys for

Determination of Chemical Composition
E 478 Test Methods for Chemical Analysis of Copper

Alloys
2.2 International Standards Organization (ISO) Standards:
ISO 3110/2 Determination of Aluminum; Flame Atomic

Absorption Spectrometric Method (TC/26 Ref. No. N698
E/F)2

3. General Requirements

3.1 The following sections of Specification B 248 constitute
a part of this specification:

3.1.1 Terminology—Definitions,
3.1.2 Materials and Manufacturing,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling—except for chemical analysis,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved Oct. 1, 2003. Published November 2003. Originally
approved in 1981. Last previous edition approved in 2002 as B 694 – 02.

2 Available from American National Standards Institute, 25 W. 43rd St., 4th
Floor, New York, NY 10036.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



3.1.7 Test Methods—except for chemical analysis,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Test Reports (Mill),
3.1.13 Packaging and Package Marking, and
3.1.14 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements, which supplement those appearing in
Specification B 248.

4. Terminology

4.1 For definitions of terms relating to copper and copper
alloys, refer to Terminology B 846.

4.1.1 cladding ratio, n—ratio by percent thickness of the
component layers, for example, 16/68/16.

5. Ordering Information

5.1 Orders for material should include the following infor-
mation:

5.1.1 ASTM designation and year of issue,
5.1.2 Quantity: total for each item, pounds (or kilograms),
5.1.3 Name of material: cable shielding (or “cable wrap”),
5.1.4 Form of material: strip,
5.1.5 Type of material: copper, copper-zinc alloy (commer-

cial bronze), and so forth (see 1.2),
5.1.6 Alloy number when appropriate (see 1.2),
5.1.7 Temper (see Section 8),
5.1.8 Dimensions: thickness and width (see Section 11),
5.1.9 How furnished: coils (rolls), traverse wound on reels

or spools, and so forth,
5.1.10 Whether the resistivity test is required for any item

(Section 10),
5.1.11 Coil dimension: inner or outer coil diameter limita-

tion, or both, if required,

5.1.12 Weight of coils: coil weights or coil size limitations,
if required,

5.1.13 Cladding ratio when appropriate (see 7.5.4),
5.1.14 Certification, if required, (see Section 18),
5.1.15 Mill test report, if required,
5.1.16 Specification designation and year of issue, and
5.1.17 Special tests or exceptions, if any.

6. Materials and Manufacture

6.1 Material—The material shall be of such quality that it
conforms to the properties and characteristics prescribed in the
specification.

6.2 Manufacture—Cladding metals as appropriate may be
bonded to the specified base metal by any method that will
produce a clad material that will conform to this specification.

7. Chemical Composition

7.1 Homogeneous copper and copper-alloy materials shall
conform to the requirements prescribed in Table 1 for the
particular material.

7.2 Copper cladding shall be, unless otherwise specified, a
copper conforming in chemical composition to that covered by
Specification B 152/B 152M. The grade provided shall be one
of the following coppers, such that the final strip meets the
conductivity and mechanical properties of this specification.
These are:

C10920
C11000
C11020
C12000

7.3 These specification limits do not preclude the possible
presence of other unnamed elements. Limits may be estab-
lished and determination required for unnamed elements by
agreement between the manufacturer and the purchaser.

7.4 Except for copper C11000, copper may be taken as the
difference between all the elements analyzed and 100 %.

TABLE 1 Chemical Requirements

Element

Composition, %

Copper or Copper Alloy UNS No.

C11000 C19400 C22000 C23000 C66400 C66410 C66430 C71000

C64785
core of

Copper-Clad
Bronze

Copper (incl
silver)

99.90 min 97.0 min 89.00–91.0 84.0–86.0 remainder remainder remainder remainder remainder

Iron ... 2.1–2.6 0.05
max

0.05
max

1.3–1.7 1.8–2.3 0.6–0.9 1.0 max 0.02 max

Lead, max ... 0.03 0.05 0.05 0.015 0.015 0.05 0.05 0.015
Tin ... ... ... ... 0.05

max
0.05
max

0.6–0.9 ... 0.5–2.0

Zinc ... 0.05–0.20 remainder remainder 11.0–12.0 11.0–12.0 13.0–15.0 1.0 max 3.0–6.0
Nickel (incl
cobalt)

... ... ... ... ... ... ... 19.0–23.0 0.4–1.6

Manganese ... ... ... ... ... ... ... 1.0 max 0.2–1.0
Phosphorus ... 0.015–0.15 ... ... ... ... 0.10

max
... 0.015 max

Cobalt ... ... ... ... 0.30–0.7 ... ... ... ...
Iron and cobalt ... ... ... ... 1.8–2.3 ... ... ... ...
Silicon ... ... ... ... ... ... ... ... 0.15 max
Aluminum ... ... ... ... ... ... ... ... 3.0–6.0
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7.4.1 Alloys C19400, C22000, and C23000—When all ele-
ments specified in Table 1 are determined, the sum of the
results shall be 99.8 % min.

7.4.2 Alloys C66400, C66410, C66430, C64785, and
C71000—When all elements specified in Table 1 are deter-
mined, the sum of the results shall be 99.5 % min.

7.5 Clad Metal:
7.5.1 For stainless steel clad cores, the stainless steel shall

conform in chemical composition to one covered by Specifi-
cation A 176. Unless otherwise specified, stainless steel in
accordance with UNS No. S43000 (Type 430) shall be sup-
plied.

7.5.2 For alloy steel clad cores, the steel shall conform in
chemical composition to one covered by Specification A 505.
Unless otherwise specified, alloy steel UNS No. G41300 shall
be supplied.

7.5.3 For bronze clad cores, the bronze shall conform in
chemical composition to the requirements of UNS No. C64785
listed in Table 1.

7.5.4 Unless otherwise stated (see 5.1.13), the cladding ratio
shall be one of the standard ratios listed in Table 2 and Table
3, and shall be expressed as XX/XX/XX, copper/bronze/
copper, copper/stainless steel/copper, or copper/alloy steel/
copper as appropriate.

8. Temper

8.1 As described in Classification B 601, tempers furnished
to this specification shall be:

8.1.1 Copper C11000—H00, H01, H02, and O61.
8.1.2 Copper alloy C19400—H02, O61, and O50.
8.1.3 Copper alloy C22000—H01, H02, and O81.
8.1.4 Copper alloy C23000—H01, H02, and O81.
8.1.5 Copper alloy C66400, C66410, and C66430—O60.
8.1.6 Copper alloy C71000—H01, H02, OS035, and

OS015.
8.1.7 Copper-Clad Steel—O61.
8.1.8 Copper-Clad Bronze—O61 and O81.

9. Mechanical Property Requirements

9.1 Grain Size:
9.1.1 There are no minimum or maximum grain size re-

quirements for product in annealed tempers O50, O61, and
O81; however, the metal shall be fully recrystallized.

9.1.2 When tested in accordance with Test Methods E 112,
copper alloy UNS No. C71000 in annealed tempers OS035 and
OS015 shall conform to the grain size requirements prescribed
in Table 2.

9.2 Hardness:
9.2.1 Rockwell Hardness—The hardness test is a quick and

convenient method for estimating tensile strength and grain
size. Approximate hardness values are given in Table 2. For
copper-clad materials, copper is etched off with a suitable
reagent before testing the steel. This test is not required and
shall not be used as a basis of rejection.

9.3 Tensile Strength—The finished product shall conform to
the requirements prescribed in Table 2 for the particular
material and temper.

10. Physical Property Requirements

10.1 Annealed material shall conform to the requirements of
Table 4.

11. Dimensions, Mass, and Permissible Variations

11.1 General—For the purpose of determining conformance
with the dimensional requirements prescribed in this specifi-
cation, any measured value outside the specified limiting
values for any dimension may be cause for rejection.

11.2 Thickness—The standard method of specifying thick-
ness shall be in decimal fractions of an inch. For material 0.021
in. (0.53 mm) and under in thickness, it is recommended that
the nominal thickness be stated not closer than the nearest
half-thousandth. (For example, specify 0.006 or 0.0065 in.
(0.15 or 0.165 mm), but not 0.0063 in. (0.160 mm).) A list of
preferred thicknesses is shown in Appendix X2. The thickness
tolerance shall be those shown in Table 5 and Table 6.

11.3 Width—The width tolerances shall be those required by
Specification B 248, unless otherwise stated in the purchase
order.

11.4 Straightness—The straightness tolerances shall be
those required by Specification B 248, unless otherwise stated
in the purchase order.

11.5 Cladding Ratio—Cladding ratios shall be within
610 % of nominal; test method shall be metallurgical micro-
section of at least three samples per lot.

12. Workmanship, Finish, and Appearance

12.1 All material shall be uniform in quality and condition,
sound and free of internal and external defects of a nature that
interferes with normal fabrication or the performance of the
cable shielding. It shall be well cleaned and free of dirt. A
superficial film of residual light lubricant is permissible, unless
otherwise specified.

12.2 Copper-clad material shall be free of defects including
unbond or delamination of a nature that interferes with normal
commercial operations.

13. Sampling

13.1 Chemical Composition for Copper and Copper Alloys:
13.1.1 Instead of sampling in accordance with Practice

E 255, the manufacturer shall have the option of sampling at
the time castings are poured or from the semifinished or
finished product.

13.1.1.1 When sampled at the time castings are poured, at
least one sample shall be taken for each group of castings
poured simultaneously from the same source of molten metal.

13.1.1.2 When sampled from a semifinished or finished
product, at least one sample representative of the product of
each cast bar from a single melt charge continuously processed
with heat identity maintained shall be taken.

13.1.1.3 When sampled from semifinished or finished prod-
uct when heat identity has not been maintained, a single sample
representative of each 10 000-lb lot, or fraction thereof, shall
be taken. When the product piece is greater than 10 000 lb, one
sample to be representative of the product piece shall be taken.

13.2 Clad Metal:
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13.2.1 When materials of fabrication have been certified to
meet the requirements of the specification to which they were

ordered, sampling by the fabrication is not required unless
specified otherwise in the contract or purchase order.

TABLE 2 Tensile Strength Requirements and Approximate Hardness Values for Shielding Materials in Commonly Ordered Tempers

Description Temper Designation Tensile Strength, ksiA (MpaB) Approximate Rockwell HardnessC

Copper or Copper
Alloy UNS No.

Type of Material Standard Former Min Max
Other Scales
Thicknesses
>0.020 in.

Superficial 30T
Thicknesses
>0.012 in.

Cold-Rolled Tempers:
C11000 Copper H00 eighth hard 32 (220) 40 (275) F 54–82 up to 49

H01 quarter hard 34 (235) 42 (290) F 60–84 18–51
H02 half hard 37 (255) 46 (315) F 77–89 43–57

Annealed Tempers:
O61 annealed ... 34 (235) ... ...

Annealed Tempers:
C19400 Copper-iron alloy O61 annealedD 45 (310) 55 (380) ... ...

O50 light annealedD 50 (345) 60 (415) ... ...
Cold-Rolled Tempers:

H02 half hard 53 (365) 63 (435) B 49–69 52–63
Cold-Rolled Tempers:

C22000 Commercial bronze H01 quarter hard 40 (275) 50 (345) B 27–52 38–53
H02 half hard 47 (325) 57 (395) B 50–63 52–61

Annealed Tempers:
O81 quarter hard 39 (270) 46 (315) ... ...

Cold-Rolled Tempers:
C23000 Red brass H01 quarter hard 44 (305) 54 (375) B 33–58 45–60

H02 half hard 51 (350) 61 (420) B 56–68 58–66
Annealed Tempers:

O81 quarter hard 44 (305) 54 (375) ... ...
Annealed Tempers:

C66400 Copper-zinc-iron-cobalt alloy O60 softD 53 (365) 60 (415) ... ...
C66410 Copper-zinc-iron alloy O60 softD 53 (365) 60 (415) ... ...
C66430 Copper-zinc-iron-tin alloy O60 softD 59 (405) 69 (475) ... 59–69

Cold-Rolled Tempers:
C71000 Cupro-nickel 20 % H01 quarter hard 47 (325) 63 (435) B 45–72 46–65

H02 half hard 56 (385) 70 (485) B 64–78 59–69
Annealed Tempers:

OS035 0.025–0.050 mm 52 (355) ... B 18–35 28–40
OS015 0.010–0.020 mm 53 (365) ... B 35–88 40–58

Copper-Clad Stainless (CCS) and Copper-Clad Alloy Steel (CAS)

Cladding
Ratio

Total Thickness

in. (mm) Annealed Tempers

16/68/16 0.005 (0.13) O61 annealedD 55 (380) 68 (470) 15T 89 max ...
33.3/33.3/33.3 0.006 (0.15) O61 annealedD 44 (305) 15T 89 max ...

Copper-Clad Bronze (CCB)

Cladding
Ratio

Total Thickness

in. (mm) Annealed Tempers

12.5/75/12.5 E O61 annealedD 55 (380) 68 (470) 15T 89 max ...
O81 annealed to temper—

quarter hard
62 (425) 75 (515) 15T 92 max ...

16/68/16 E O61 annealedD 55 (380) 68 (470) 15T 89 max ...
O81 annealed to temper—

quarter hard
62 (425) 75 (515) 15T 92 max ...

A ksi = 1000 psi.
B See Appendix X3.
C Rockwell values normally apply as follows: The B and F scales apply to metal 0.020 to 0.036 in. (0.5 to 0.91 mm) in thickness. The Superficial 30-T scale applies to

metal 0.012 to 0.028 in. (0.30 to 0.71 mm) in thickness.
D There is no grain size requirement but all annealed metal shall be fully recrystallized.
E See Appendix X2, Table X2.1.

TABLE 3 Preferred Cladding Ratios—Copper-Clad Materials

Clad Material
Nominal Total

Thickness of Strip Cladding Ratio
Nominal Thickness, in. (mm) Conductivity, % IACS

in. mm Copper Core Copper Nominal Minimum
CCS or CAS 0.005 0.13 16/68/16 0.0008 (0.02) 0.0034 (0.09) 0.0008 (0.02) 30 28
CCS or CAS 0.006 0.15 33.3/33.3/33.3 0.002 (0.05) 0.002 (0.05) 0.002 (0.05) 61 60

CCB 0.005 0.13 16/68/16 0.0008 (0.02) 0.0034 (0.09) 0.0008 (0.02) 32 30
CCB 0.005 0.13 12.5/75/12.5 0.0006 (0.016) 0.0038 (0.1) 0.0006 (0.016) 30 28
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13.2.2 When sampling of the fabricating materials is speci-
fied in the contract or purchase order, sampling shall be as
prescribed in the specification to which the material was
ordered.

14. Number of Tests and Retests

14.1 Tests:
14.1.1 Chemical Composition—Determine as the average

of at least two replicate determinations for each specified
element in Table 1.

14.1.2 Grain Size and Tensile Strength—Determine as the
average of results from two test specimens.

14.2 Retests:
14.2.1 Chemical Composition—Should one or more of the

determinations fail to conform with the requirements of Table
1, a retest may be made on a new composite made up from the
pieces originally selected.

14.2.2 Grain Size and Tensile Strength—Should the test
results fail to conform with the requirements, a retest shall be
permitted on two specimens made up from the pieces originally
selected.

15. Specimen Preparation

15.1 Chemical Composition—Preparation of the analytical
specimens shall be the responsibility of the reporting labora-
tory.

15.2 Grain Size—In case of disagreement, test specimens
shall be prepared in accordance with Guide E 3.

15.3 Tensile Strength—In case of disagreement, test speci-
mens shall be prepared in accordance with Test Methods E 8.

16. Test Methods

16.1 Test methods for quality control shall be discretionary.

16.2 Chemical Composition—In case of disagreement, de-
termination shall be as follows:

Element Test Method

Aluminum ISO 3110 (AA)
Cobalt E 75
Copper E 478
Iron E 478
High iron E 54
Lead E 478 (AA)
Manganese E 62
Nickel E 478 (photometric)
Phosphorus E 62
Silicon E 62
Silver E 478
Tin E 478 (photometric)
Zinc E 478 (titrimetric)

17. Rejection and Rehearing

17.1 Rejection:
17.1.1 Product that fails to conform to the specification

requirements when inspected or tested by the purchaser, or
purchaser’s agent, are subject to rejection.

17.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly and in writing.

17.1.3 In case of dissatisfaction with results of the test upon
which rejection is based, the manufacturer, or supplier, may
make claim for a rehearing.

17.2 Rehearing—As a result of product rejection, the manu-
facturer or supplier may make claim for a retest to be
conducted by the manufacturer, or supplier, and the purchaser.
Samples of the rejected product shall be taken in accordance
with the product specification and subjected to test by both
parties using the test method(s) specified in the product
specification, or alternatively, upon agreement of both parties,
an independent laboratory may be selected for the test(s) using
the test method(s) specified in the product specification.

18. Certification

18.1 When specified in the purchase order or contract, the
purchaser shall be furnished certification that samples repre-
senting each lot have been tested or inspected as directed in this
specification and the requirements have been met. When
specified in the purchase order or contract, a report of the test
results shall be furnished.

19. Packaging and Package Marking

19.1 Packaging—The product shall be separated by size,
composition, and temper, and prepared for shipment in such a
manner as to ensure acceptance by common carrier for
transportation and to afford protection from the normal hazards
of transportation.

19.2 Package Marking—Each shipping unit shall be legibly
marked with the purchase order number, metal or alloy
designation, temper, size, shape, gross and net weight, and
name of supplier. The specification number shall be shown,
when specified.

TABLE 4 Electrical Resistivity and Conductivity

UNS Alloy No.
Mass Resistivity,

V·g/m2 Conductivity %, IACS

A. Copper Alloy Materials

C11000 0.153 28 100.00
C19400 0.256 03 60
C22000 0.379 30 40
C23000 0.407 73 37
C66400 0.504 01 30
C66410 0.504 01 30
C66430 0.540 63 28
C71000 2.568 91 6

B. Copper-Clad Bronze Material

Total Thickness,
in.

Cladding Ratio
Mass Resistivity,

Ohm·g/m2
Conductivity %,

IACS

all 12.5/75/12.5 ... 28 min
all 16/68/16 ... 30 min

C. Copper-Clad Steel Material

Total Thickness,
in.

Cladding Ratio
Mass Resistivity,

Ohm·g/m2
Conductivity %,

IACS

0.005 16/68/16 ... 28
0.006 33.3/33.3/33.3 ... 60
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20. Keywords
20.1 bimetallic; cladding ratio; copper; copper alloy;

copper-clad bronze; copper-clad alloy steel; copper-clad stain-
less steel; electric cable shielding; electrical conductivity; grain
size; Rockwell Hardness; sheet; strip; tensile; UNS No.
C11000; UNS No. C19400; UNS No. C22000; UNS No.
C23000; UNS No. C64785; UNS No. C66400; UNS No.
C66410; UNS No. C66430; UNS No. C71000; UNS No.
G41300; UNS No. S43000

APPENDIXES

(Nonmandatory Information)

X1. EXPLANATORY NOTE—CABLE SHIELDING

X1.1 Cable shielding or “cable wrap” is normally used by
manufacturers of electrical insulated wire and cable in strips of
various widths. The material is wrapped around an insulated
wire or group of wires, and may be applied over an intervening
layer of wrapping material or over a jacket. The material may
be applied in various configurations depending upon the
requirements of the finished cable:

X1.1.1 Helical wrap—overlapped, butted, or gapped.
X1.1.2 Longitudinal application—corrugated or smooth,

overlapped, butted, gapped, or welded/soldered.

X1.2 The selection of the particular material and of the
thickness of the material to be used is dependent largely upon

the specification requirements for the finished wire or cable.
Military and Federal Specifications, Rural Utilities Services
(RUS) specifications, ICEA (Insulated Cable Engineers Asso-
ciation) specifications, among others, typically apply.

X1.3 Electrical conductivity of the material is an important
characteristic considered in the selection process and is af-
fected by the material, its thickness, and the method of
application. Corrosion resistance is important for various
environments. Physical strength requirements may include
such features as resistance to tensile stress, resistance to
bending stress (including repeated bending), resistance to
gopher attack, and so forth.

X2. PREFERRED THICKNESSES

X2.1 It is recommended that whenever possible, material
purchased to this specification be ordered in a thickness as

listed in Table X2.1.

TABLE 5 Thickness Tolerances

Material Thickness, in. (mm)
Tolerance, Plus and Minus in. (mm)

12 in. (305 mm) and Under in Width Over 12 in. (305 mm)

Copper and copper alloys 0.004 (0.102) and under 0.0003 (0.0076) 0.0006 (0.015)
Over 0.004 to 0.005 (0.127), incl 0.0004 (0.010) 0.0008 (0.020)
Over 0.005 to 0.009 (0.229), incl 0.0005 (0.013) 0.001 (0.025)
Over 0.009 to 0.013 (0.330), incl 0.0008 (0.020) 0.0015 (0.038)

Copper-clad bronze (CCB) 0.004 (0.102) and under 0.0003 (0.0076) 0.0006 (0.015)
Over 0.004 to 0.005 (0.127), incl 0.0004 (0.010) 0.0008 (0.020)
Over 0.005 to 0.009 (0.229), incl 0.0005 (0.013) 0.001 (0.025)
Over 0.009 to 0.013 (0.330), incl 0.0008 (0.020) 0.0015 (0.038)

Copper-clad stainless steel (CCS) Over 0.004 to 0.005 (0.127), incl 0.0005 (0.013) ...
Over 0.005 to 0.009 (0.229), incl 0.0006 (0.015) ...

Copper-clad alloy steel (CAS) Over 0.004 to 0.005 (0.127), incl 0.0005 (0.013) ...
Over 0.005 to 0.009 (0.229), incl 0.0006 (0.015) ...

TABLE 6 Width Tolerances for Slit Metal and Slit Metal with
Rolled Edges (applicable to all materials listed in 1.2)

Width Tolerances,A Plus and Minus
Width, in. (mm) For All Thicknesses

in. (mm)
2 (50.8) and under 0.005 (0.13)
Over 2 to 12 (50.8 to 305), incl 0.008 (0.20)
Over 12 to 24 (305 to 610), incl 0.015 (0.38)
A If tolerances are specified as all plus or all minus, double the values given.
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X3. METRIC EQUIVALENTS

X3.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 694 – 02)
that may impact the use of this standard. (Approved Oct. 1, 2003.)

(1) Added Copper-Clad Bronze (CCB) to the title of this
specification.
(2) Added copper-clad bronze (CCB) to paragraphs 1.1 and 1.2.
(3) Added 7.5.3 for chemical composition requirements of the
UNS No. C64785 core of the copper-clad bronze.
(4) Added 8.1.8 for copper-clad bronze.
(5) Added copper-clad bronze and UNS No. C64785 to Section
20, Keywords.
(6) Added chemical requirements for the Bronze core (C64785)
of Copper-Clad Bronze to Table 1.
(7) Added Tensile Strength requirements for Copper-Clad
Bronze to Table 2.

(8) Added Preferred Cladding Ratios for Copper-Clad Bronze
to Table 3.

(9) Added Electrical Conductivity requirements for Copper-
Clad Bronze to Table 4.

(10) Added Thickness Tolerances for Copper-Clad Bronze to
Table 5.

(11) Added Preferred Thickness for Copper-Clad Bronze to
Table X2.1.

(12) Changed Rural Electrification Administration (REA) to
Rural Utilities Services (RUS) in X1.2.

TABLE X2.1 Preferred Thickness, Nominal

Material or UNS No. Thickness, in. (mm)

C11000 0.005 (0.13)
0.010 (0.25)

C19400 0.006 (0.15)
0.007 (0.18)

C22000 and C23000 0.005 (0.13)
0.007 (0.18)
0.010 (0.25)

C66400 0.0055 (0.14)
C66410 0.0055 (0.14)
C66430 0.005 (0.13)

0.007 (0.18)
0.010 (0.25)

C71000 0.005 (0.13)
Copper-clad bronze (CCB) 0.0048 (0.122)A

0.005 (0.13)A

0.0055 (0.14)A

0.006 (0.15)A

0.007 (0.18)A

0.010 (0.25)A

Copper-clad stainless steel (CCS) 0.005 (0.13)A

0.006 (0.15)A

Copper-clad alloy steel (CAS) 0.005 (0.13)A

0.006 (0.15)A

A Total thickness of strip.

B 694 – 03

7



Committee B05 has identified the location of selected changes to this standard since the last issue (B 694 – 01) that may
impact the use of this standard. (Approved Oct. 10, 2002.)

(1) Added UNS Alloy No. C66430 to this specification.
(2) Revised section on chemical composition and added UNS
Alloy No. C66430.
(3) Added UNS Alloy No. C66430 to Table 2 and Section 8
(Temper).
(4) Added Mass Resistivity and Conductivity to Table 4 for the

following UNS Alloy Nos.: C19400, C22000, C23000,
C66400, C66410, C66430, and C71000.
(5) Added Chemical Test Method for Tin to 16.2.
(6) Added UNS Nos. to Keywords.
(7) Added to Table X2.1 Preferred Thickness, Nominal for
UNS Alloy Nos. C23000 and C66430 to Table X2.1

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 698 – 02

Standard Classification for
Seamless Copper and Copper Alloy Plumbing Pipe and
Tube1

This standard is issued under the fixed designation B 698; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This classification covers various types of seamless
copper and copper alloy2 pipe and tube used for water service,
distribution, and drainage. It is not a specification for the
various types and alloys.

1.2 This classification uses the standard copper designations
developed and used by the copper industry.

1.3 This classification makes no attempt to differentiate
between all compositions that could be termed coppers or
copper alloys, but, in conformance with general practice in the
trade includes those coppers and copper alloys commonly used
in the manufacture of water service, distribution, and drainage
pipe and tube.

1.4 This classification makes no attempt to differentiate
between all applications of seamless copper and copper alloy
piping and tubing, and is intended for use in water service
distribution and drainage.

2. Referenced Documents

2.1 ASTM Standards:
B 42 Specification for Seamless Copper Pipe, Standard

Sizes3

B 43 Specification for Seamless Red Brass Pipe, Standard
Sizes3

B 88 Specification for Seamless Copper Water Tube3

B 88M Specification for Seamless Copper Water Tube
[Metric]3

B 302 Specification for Threadless Copper Pipe3

B 306 Specification for Copper Drainage Tube (DWV)3

B 846 Terminology for Copper and Copper Alloys3

E 527 Practice for Numbering Metals and Alloys (UNS)4

3. Terminology

3.1 Definitions:
3.1.1 The following definitions are used for purposes of

classification:
3.1.1.1 pipe, seamless, n—a seamless tube conforming to

the particular dimensions commercially known as Standard
Pipe Sizes.

3.1.1.2 threadless pipe, n—a seamless tube conforming to
particular dimensions commercially known as Threadless Pipe
(TP).

3.1.1.3 tube, seamless, n—a tube produced with a continu-
ous periphery in all stages of the operation.

3.1.1.4 tube, seamless water, n—a tube conforming to the
particular dimensions of tube commercially known as copper
water tube and designated as Types K, L, and M in inch-pound
units and Types A, B, and C in SI units.

3.2 For definitions of general terms related to copper and
copper alloys, refer to Terminology B 846.

4. Significance and Use

4.1 This classification is provided to serve the needs of
designers, specifiers, installers, and users of seamless copper
and copper alloy plumbing tube and piping systems. It famil-
iarizes them with the products available for such systems,
giving size ranges and available materials for products listed
herein. Also refer to Section 1.

5. Basis of Classification

5.1 Tables 1 and 2 list ASTM specifications, types, desig-
nations, general applications, range of sizes of water tubes
produced currently, and the copper or copper alloy UNS
number. The listed products are not necessarily available in the
complete range of coppers and alloys or sizes, nor from any
one supplier in all forms.

5.2 Existing ASTM specifications for seamless copper and
copper alloys may cover more than one of the products listed
in Table 1.

5.3 Table 3 contains the UNS numbers, previous designa-
tions, and chemical composition of the coppers and copper
alloys listed in Tables 1 and 2.

6. Keywords

6.1 copper; copper alloy; pipe; plumbing; seamless; tube

1 This classification is under the jurisdiction of ASTM Committee B05 on
Copper and Copper Alloys and is the direct responsibility of Subcommittee B05.04
on Pipe and Tube.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
published as B 698 – 81. Last previous edition B 698 – 97.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 698 - 97)
that may impact the use of this standard.

(1) Reference to B 88M was removed from Table 1 and
included in new Table 2.
(2) Terminology B 846 was added to Section 2 and to the new
section 3.2.
(3) Reference to SI Units was removed from Table 1 and

included in new Table 2.
(4) Alloys C10800 and C12000 deleted from Table 1 for B
302.
(5) Oxygen limit added for Alloy C10200 in Table 2.
(6) Phosphorus range corrected for Alloy C10300 in Table 2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Classification for Seamless Copper and Copper Alloy Plumbing Pipe and Tube

ASTM
Specification

Type Designation Application
Standard Mill

Sizes, in.
Copper or Copper Alloy, UNS No.

C10200 C10300 C10800 C12000 C12200 C23000

B 42 Seamless copper pipe plumbing and feed lines 1⁄8–12 X X X X X
B 43 Seamless red brass pipe plumbing and feed lines 1⁄8–12 X
B 88 Seamless K, L, M general plumbing water tube 1⁄4–12 X

B 302 Seamless TP plumbing and feed lines 1⁄4–12 X X
B 306 Seamless DWV drainage, waste, vent 11⁄4–8 X

TABLE 2 Classification for Seamless Copper Plumbing Tube (SI Units)

ASTM
Specification

Type Destination Application Standard Mill
Sizes, mm

Copper or Copper
Alloy, UNS No.

B 88M Seamless A, B, C General plumbing water tube 6–308 C12200

TABLE 3 Alloy Designation and Chemical Composition A

Copper or Copper
Alloy UNS No.

Previously Used
Designation

Composition, max, % (Unless Shown as a Range or Minimum)

Copper, incl
Silver (% min)

Phosphorus Iron Lead Zinc
Other Named

Elements

C10200B OF 99.95 ... ... ... ... 0.0010
Oxygen

C10300 OFXLP 99.95C 0.001–0.005 ... ... ... ...
C10800 OFLP 99.95C 0.005–0.012 ... ... ... ...
C12000 DLP 99.90 0.004–0.012 ... ... ... ...
C12200D DHP 99.9 0.015–0.040 ... ... ... ...
C23000E Red brass, 85 % 84.0–86.0 ... 0.05 0.05 remainderF ...

A Refer to the referenced product specification for details of chemical requirements.
B This is a high-conductivity copper that has in the annealed condition a minimum conductivity of 100 % IACS.
C Includes phosphorus.
D This includes oxygen-free copper that contains phosphorus in an amount agreed upon.
E For copper alloys in which zinc is specified as the remainder, either copper or zinc may be taken as the difference between the sum of all the elements analyzed and

100 %. When all the elements in Table 3 are analyzed, their sum shall be 99.8 % minimum.
F These specification limits do not preclude the presence of other elements. Limits for unnamed elements may be established by agreement between manufacturer or

supplier and purchaser.
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Designation: B 706 – 00

Standard Specification for
Seamless Copper Alloy (UNS No. C69100) Pipe and Tube 1

This standard is issued under the fixed designation B 706; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification establishes the requirements for cop-
per alloy UNS No. C69100 seamless pipe in standard pipe
sizes, both regular and extra strong, and seamless tube in
straight lengths for general engineering purposes.

1.2 Values stated in inch-pound units are the standard. SI
values given in parenthesis are provided for information only.

1.3 The following safety hazard caveat pertains only to the
test method portion, Section described in this specification:
This standard does not purport to address all of the safety
concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and
health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 193 Test Method for Resistivity of Electrical Conductor

Materials2

B 846 Terminology for Copper and Copper Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 20 Practice for Particle Size Analysis of Particulate Sub-
stances in the Range of 0.2 to 75 Micrometres by Optical
Microscopy4

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes5

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes6

E 255 Practice for Sampling Copper and Copper-Alloys for
Determination of Chemical Composition5

E 478 Test Methods for Chemical Analysis of Copper
Alloys7

3. Terminology

3.1 Definitions:
3.1.1 For definitions of terms related to copper and copper

alloys, refer to Terminology B 846, unless otherwise stated.
3.1.2 stock, n—straight lengths that are mill cut and stored

in advance of orders. They usually are 10, 12, or 20 ft (3.05,
3.66, or 6.10 m) in length and subject to established length
tolerances.

4. Ordering Information

4.1 Orders for products shall include the following informa-
tion:

4.1.1 ASTM designation and year of issue, that is,
B 706–XX.

4.1.2 UNS designation, that is, C69100.
4.1.3 Temper (see Section 7).
4.1.4 Dimensions, diameter, and wall thickness.
4.1.5 How furnished: straight lengths or coils.
4.1.6 Finish.
4.1.7 Total length, or number of pieces, of each size.
4.1.8 Total weight, each size.
4.1.9 When product is purchased for agencies of the U.S.

Government.
4.2 The following options are available and shall be in-

cluded in the contract or purchase order when required.
4.2.1 Heat identification or traceability details.
4.2.2 Electromagnetic (eddy-current) examination.
4.2.3 Expansion test.
4.2.4 Flattening test.
4.2.5 Certification.
4.2.6 Mill test report.

5. Materials and Manufacture

5.1 Material:
5.1.1 The material of manufacture shall be cast or extruded

shells of Copper Alloy UNS No. C69100 of such purity and
soundness as to be suitable for processing into the products
prescribed herein.

5.1.2 In the event heat identification or traceability is
required, the purchaser shall specify the details desired.

NOTE 1—Because of the discontinuous nature of the processing of
castings into wrought products, it is not always practical to identify a
specific casting analysis with a specific quantity of finished material.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved March 10, 2000. Published May 2000. Originally
published as B 706 – 82. Withdrawn Dec. 15, 1993. Reinstated March 10, 2000.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Discontinued. See 1993Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.03.
7 Annual Book of ASTM Standards, Vol 03.06.
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5.2 Manufacture:
5.2.1 The product shall be manufactured by such hot-

working, cold-working, and annealing processes as to produce
a uniform wrought structure in the finished product.

5.2.2 The product shall be hot or cold worked to the finished
size, and subsequently, annealed, when required, to meet the
temper properties specified.

6. Chemical Composition

6.1 The material shall conform to the chemical composition
requirements specified in Table 1.

6.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and purchaser.

6.3 For Alloy UNS C69100 where zinc is listed as “remain-
der,” zinc is the difference between the sum of results of all
elements determined and 100 %. When all elements in Table 1
are determined, the sum of results shall be 99.5 % minimum.

7. Temper

7.1 The tempers for products described in this specification
shall be in accordance with Table 2.

7.1.1 TB00 (soft-annealed),
7.1.2 TF00 (precipitation-hardened), and
7.1.3 HR50 (drawn stress relieved).

8. Physical Property Requirements

8.1 Electrical Resistivity Requirement—When specified in
the contract or purchase order, the product furnished shall be
capable of conforming to a specific resistant of 1.13 µV/mm (+
< 5 %) at 20°C when tested in accordance with Test Method
B 193.

8.2 Coeffıcient of Thermal Expansion—When specified in
the contract or purchase order, the product furnished shall be
capable of conforming to a coefficient of linear expansion of
0.000 019 (or 193 10−6) per °C, in the range 20 to 200°C
when tested in accordance with an appropriate test method.

9. Mechanical Property Requirements

9.1 Tensile Strength Requirements:
9.1.1 Product furnished under this specification shall con-

form to the tensile requirements prescribed in Table 2 when
tested in accordance with Test Methods E 8.

9.1.2 Acceptance or rejection based upon mechanical prop-
erties shall depend only on tensile strength.

9.2 Rockwell Hardness—The approximate hardness value
for alloy UNS C69100 lies within the range 69 to 76 Rockwell

B, being for general information and assistance in testing, and
shall not be used as a basis for product rejection.

NOTE 2—The Rockwell hardness test offers a quick and convenient
method of checking for general conformity to the specification require-
ments for temper, tensile strength and grain size.

10. Other Requirements

10.1 Nondestructive Testing:
10.1.1 Pipe or tube must be tested in the final heat-treated

condition as supplied to the purchaser unless otherwise agreed
upon between the manufacturer and purchaser. Unless other-
wise specified, the manufacturer shall have the option of
testing the pipe or tube by one of the following tests:

10.1.1.1Eddy-Current Test—Each tube or pipe in standard
sizes1⁄8 in. (3.18 mm) up to and including 21⁄2 in. (63.5 mm)
regular and extra strong, shall be subject to an eddy-current test
following the procedures of Practice E 243 and using an end
effect suppression device. The pipe or tube shall be passed
through the eddy-current testing unit to provide information on
the suitability of each piece for the intended application.

10.1.1.2 Notch-depth standards, rounded to the nearest
0.001 in. (0.025 mm), shall be 10 % of the nominal wall
thickness. Notch-depth tolerances shall be60.0005 in. (0.013
mm). Alternatively, when a manufacturer uses speed-
insensitive equipment that can select a maximum unbalance
signal, such a signal of 0.3 % may be used.

10.1.1.3 Pipes or tubes that do not activate the signaling
device of the eddy-current tester shall be considered as
conforming to the requirements of this test. Lengths with
discontinuities indicated by the tester may, at the option of the
manufacturer, be reexamined or retested to determine whether
the discontinuity is cause for rejection. Signals that are found
to have been caused by minor mechanical damage, soil, or
moisture shall not be cause for rejection provided the pipe or
tube dimensions are still within the prescribed limits and the
pipe or tube is suitable for its intended application.

10.1.2 Hydrostatic Test—Each length shall stand, without
showing evidence of leakage, an internal hydrostatic pressure
sufficient to subject the material to a fiber stress of 7000 psi (48
MPa) determined by the following equation for thin hollow
cylinders under internal pressure. The pipe or tube need not be
tested at a hydrostatic pressure of over 1000 psi (6.9 MPa)
unless so specified.

P 5 2St/~D 2 0.8t! (1)

where:

TABLE 1 Chemical Requirements

Element
Composition, % Max (Unless Shown as

a Range or Minimum)

Copper (incl. Ag) 81.0–84.0
Lead 0.05
Iron 0.25
Zinc remainder
Aluminum 0.7–1.2
Manganese 0.10 min
Silicon 0.8–1.3
Tin 0.10
Nickel (incl. Co) 0.8–1.4

TABLE 2 Tensile Requirements

Temper Designation
TB00
(Soft

Annealed)

TF00
(Precipitation-

Hardened)

HR50
(Drawn-Stress

Relieved)

Tensile strength, min, ksiA

(MPaB)
55 (380) 60 (420) 79 (550)

Yield strength at 0.5 %
extension under load, ksi
(MPa)A

16.5 (115) 31 (214) 48 (335)

Elongation in 2 in. or 50 mm,
min, %

50 40 10

Aksi 5 100 psi.
BSee Appendix X1.
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P 5 hydrostatic pressure, psi (or MPa);
t 5 thickness of pipe or tube wall, in. (or mm);
D 5 nominal outside diameter of the pipe or tube, in. (or

mm); and
S 5 allowable stress of the material, psi (or MPa).

11. Dimensions, Mass, and Permissible Variations

11.1 General:
11.1.1 The standard method of specifying wall thicknesses

shall be in decimal fractions of an inch.
11.1.2 For the purpose of determining conformance with the

dimensional requirements prescribed in this specification, any
measure value outside the specified limiting values for any
dimension may be cause for rejection.

11.1.3 Tolerances on any given tube shall be specified with
respect to any two, but not all three, of the following: outside
diameter, inside diameter, and wall thickness.

11.2 Dimensions—Nominal dimensions and nominal
weights of standard pipe sizes shall be in accordance with
Table 3.

11.3 Wall Thickness Tolerances—Wall thickness tolerances
shall be in accordance with Table 4. Wall thickness tolerances
for tube shall be in accordance with Table 5.

11.4 Diameter Tolerances—Diameter tolerances for pipe
shall be as follows:

11.4.1 Nominal Pipe Size 11⁄2 in. (38 mm) and Under—
+0.016, −0.031 in. (+0.40, −0.79 mm).

11.4.2 Nominal Pipe Size Over 11⁄2 in. (38 mm)—61 % of
specified diameter.

11.4.3 The dimensional limits of standard pipe sizes are
shown in Table 4.

11.4.4 Diameter tolerances of tube shall be in accordance
with Table 6.

11.5 Length Tolerances:

11.5.1 Length tolerances shall be in accordance with Table
7.

11.5.2 Schedule of Tube Lengths—Specific and stock
lengths with ends shall be in accordance with Table 8.

11.6 Squareness of Cut—For pipe and tube in straight
lengths, the departure from squareness of the end of any pipe
or tube shall not exceed the following:

11.6.1 Pipe:
Nominal Outside Diameter,

in. (mm)
Tolerance

Up to 5⁄8 in. (15.9 mm) incl 0.010 in. (0.25 mm)
Over 5⁄8 in. (15.9 mm) 0.016 in./in. (0.016 mm/mm) of dia

11.6.2 Tube:
Specified Outside Diameter,

in. (mm)
Tolerance

Up to 5⁄8 in. (15.9 mm) incl. 0.010 in. (0.25 mm)
Over 5⁄8 in. (15.9 mm) 0.016 in./in. (0.016 mm/mm) of

dia

11.7 The density of Copper Alloy UNS No. C69100 shall be
taken to be 0.308 lb/in.3 (8.53 g/cm3).

12. Workmanship, Finish and Appearance

12.1 The product shall be free of defects, but blemishes of
a nature that do not interfere with the intended application are
acceptable.

13. Sampling

13.1 Sampling—The lot size, portion size, and selection of
sampling pieces shall be as follows:

13.1.1 Lot Size—For tube, the lot size shall be 10 000 lbs
(4550 Kg), or fraction thereof. For pipe, the lot size shall be as
follows:

TABLE 3 Dimensions and Weights of Copper Alloy Pipe, Standard Pipe Sizes A

Standard Pipe Size,
in.

Nominal Dimension, in. (mm) Cross-Sectional Area
of Bore, in.2 (cm2)

Nominal Weight, lb/ft
(kg/m)Outside Diameter Inside Diameter Wall Thickness

Regular

1⁄8 0.405 (10.3) 0.269 (6.83) 0.068 (1.73) 0.057 (0.367) 0.266 (0.395)
1⁄4 0.540 (13.7) 0.364 (9.25) 0.088 (2.24) 0.104 (0.670) 0.462 (0.686)
3⁄8 0.675 (17.1) 0.493 (12.5) 0.091 (2.31) 0.191 (1.23) 0.617 (0.917)
1⁄2 0.840 (21.3) 0.622 (15.8) 0.109 (2.77) 0.304 (1.96) 0.925 (1.37)
3⁄4 1.050 (26.7) 0.824 (20.9) 0.113 (2.87) 0.533 (3.44) 1.23 (1.83)
1 1.315 (33.4) 1.049 (26.6) 0.133 (3.38) 0.864 (3.57) 1.83 (2.72)

11⁄4 1.660 (42.2) 1.380 (35.1) 0.140 (3.56) 1.496 (9.66) 2.47 (3.68)
11⁄2 1.900 (48.3) 1.610 (40.9) 0.145 (3.68) 2.036 (13.1) 2.95 (4.40)
2 2.375 (60.3) 2.067 (52.5) 0.154 (3.91) 3.356 (21.7) 3.97 (5.91)

21⁄2 2.875 (73.0) 2.469 (62.7) 0.203 (5.16) 4.788 (30.9) 6.30 (9.37)
3 3.500 (88.9) 3.068 (77.9) 0.216 (5.49) 7.393 (47.7) 8.24 (12.3)

Extra Strong

1⁄8 0.405 (10.3) 0.215 (5.46) 0.095 (2.41) 0.036 (0.232) 0.342 (0.508)
1⁄4 0.540 (13.7) 0.302 (7.67) 0.119 (3.02) 0.072 (0.464) 0.582 (0.865)
3⁄8 0.675 (17.1) 0.423 (10.7) 0.126 (3.20) 0.141 (0.909) 0.803 (1.19)
1⁄2 0.840 (21.3) 0.546 (13.9) 0.147 (3.73) 0.234 (1.51) 1.183 (1.76)
3⁄4 1.050 (26.7) 0.742 (18.8) 0.154 (3.91) 0.432 (2.79) 1.60 (2.39)
1 1.315 (33.4) 0.957 (24.3) 0.179 (4.55) 0.719 (4.64) 2.36 (3.52)

11⁄4 1.660 (42.2) 1.278 (32.5) 0.191 (4.85) 1.283 (8.28) 3.26 (4.85)
11⁄2 1.900 (48.3) 1.500 (38.1) 0.200 (5.08) 1.767 (11.4) 3.95 (5.88)
2 2.375 (60.3) 1.939 (49.3) 0.218 (5.54) 2.953 (19.1) 5.46 (8.12)

21⁄2 2.875 (73.0) 2.323 (59.0) 0.276 (7.01) 4.238 (27.3) 8.33 (12.4)
3 3.500 (88.9) 2.900 (73.7) 0.300 (7.62) 6.605 (42.6) 11.1 (16.6)

ACopper Alloy UNS No. C69100 is presently available only in standard pipe sizes up to 3 in.
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Standard Pipe Size, in. (mm) Lot Weight, lb (kg)

Up to 4 in. (102 mm) incl. 10 000 lbs (4550 kg) or fraction
thereof

Over 4 in. (102 mm) 40 000 lbs (18 000 kg) or fraction
thereof

13.1.2 Portion Size—Sample pieces shall be taken for test
purposes from each lot according to the following schedule:

Number of Pieces in Lot Number of Sample Pieces to Be Taken

1 to 50 1
51 to 200 2
201 to 1500 3
Over 1500 0.2 % of total number of pieces in lot

13.2 Chemical Analysis:
13.2.1 The sample for chemical analysis shall be taken in

accordance with Practice E 255 for product in its final form

from the pieces selected in 13.1.2 and combined into one
composite sample. The minimum weight of this composite
sample shall be 150 g.

13.2.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semifinished product. When the manufacturer
determines chemical composition of the material during the
course of manufacture, sampling of the finished product is not
required. The number of samples taken for determination of

TABLE 4 Dimensional Limits for Standard Pipe Sizes

Standard Pipe Size

Outside Diameter, in. (mm) Wall Thickness, in. (mm)

Nominal Min Max
Regular Extra Strong

Nominal Min Max Nominal Min Max

1⁄8 0.405 (10.3) 0.374 (9.50) 0.421 (10.7) 0.068 (1.73) 0.061 (1.55) 0.075 (1.91) 0.095 (2.41) 0.086 (2.18) 0.105 (2.67)
1⁄4 0.540 (13.7) 0.509 (12.9) 0.556 (14.1) 0.088 (2.24) 0.079 (2.01) 0.097 (2.46) 0.119 (3.02) 0.107 (2.72) 0.131 (3.33)
3⁄8 0.675 (17.1) 0.644 (16.4) 0.691 (17.6) 0.091 (2.31) 0.082 (2.08) 0.100 (2.54) 0.126 (3.20) 0.113 (2.87) 0.139 (3.53)
1⁄2 0.840 (21.3) 0.809 (20.5) 0.856 (21.7) 0.109 (2.77) 0.098 (2.49) 0.120 (3.05) 0.147 (3.73) 0.132 (3.35) 0.162 (4.11)
3⁄4 1.050 (26.7) 1.019 (25.9) 1.066 (27.1) 0.113 (2.87) 0.102 (2.59) 0.124 (3.15) 0.154 (3.91) 0.139 (3.53) 0.169 (4.29)
1 1.315 (33.4) 1.284 (32.6) 1.331 (33.8) 0.133 (3.38) 0.120 (3.05) 0.146 (3.71) 0.179 (4.55) 0.161 (4.09) 0.197 (5.00)

11⁄4 1.660 (42.2) 1.629 (41.4) 1.676 (42.6) 0.140 (3.56) 0.126 (3.20) 0.154 (3.91) 0.191 (4.85) 0.172 (4.37) 0.210 (5.33)
11⁄2 1.900 (48.3) 1.869 (47.5) 1.916 (48.7) 0.145 (3.68) 0.131 (3.33) 0.160 (4.06) 0.200 (5.08) 0.180 (4.57) 0.220 (5.59)
2 2.375 (60.3) 2.351 (59.7) 2.399 (60.9) 0.154 (3.91) 0.139 (3.53) 0.169 (4.29) 0.218 (5.54) 0.196 (4.98) 0.240 (6.10)

21⁄2 2.875 (73.0) 2.846 (72.3) 2.904 (73.8) 0.203 (5.16) 0.183 (4.65) 0.223 (5.66) 0.276 (7.01) 0.248 (6.30) 0.304 (7.72)
3 3.500 (88.9) 3.465 (88.0) 3.535 (89.8) 0.216 (5.49) 0.194 (4.93) 0.238 (6.05) 0.300 (7.62) 0.270 (6.86) 0.330 (8.38)

TABLE 5 Wall Thickness Tolerances for Copper Alloy UNS No.
C69100A Tube (Not Applicable to Pipe)

NOTE 1—Maximum deviation at any point—The following tolerances
are plus and minus; if tolerances all plus or all minus are desired, double
the values given.

Wall Thickness, in. (mm)

Outside Diameter, in. (mm)

Over 5⁄8 to 1
(15.9 to 25.4)

Incl

Over 1 to 2
(25.4 to 50.8)

Incl

Over 2 to 3
(50.8 to 76.2)

Incl

Over 0.024 (0.610) to 0.034
(0.864) incl

0.003 (0.076) 0.004 (0.10) 0.004 (0.10)

Over 0.034 (0.864) to 0.057
(1.45 ) incl

0.0045 (0.11) 0.005 (0.13) 0.006 (0.15)

Over 0.057 (1.45) to 0.082
(2.08) incl

0.005 (0.13) 0.006 (0.15) 0.008 (0.20)

Over 0.082 (2.08) to 0.119
(3.02) incl

0.007 (0.18) 0.008 (0.20) 0.009 (0.23)

Over 0.119 (3.02) to 0.164
(4.17) incl

0.009 (0.23) 0.010 (0.25) 0.012 (0.30)

ACopper Alloy UNS No. C69100 in tube sizes less than 1⁄8 in. shall be furnished
in diameter and wall thickness tolerances agreed to between purchaser and
supplier.

TABLE 6 Average Diameter Tolerances for Tube (Not Applicable
to Pipe)

Specified Diameter, in. (mm) Tolerance 6in. (mm)A

Over 1⁄8 (3.18) to 5⁄8 (15.9) incl 0.004 (0.10)
Over 5⁄8 (15.9) to 1 (25.4) incl 0.005 (0.13)
Over 1 (25.4) to 2 (50.8) incl 0.006 (0.15)
Over 2 (50.8) to 3 (76.2) incl 0.007 (0.18)

ATolerance applies to inside or outside diameters.

TABLE 7 Length Tolerances

NOTE 1—Tolerances are all plus—If all minus tolerances are desired,
use the same value. If tolerances plus and minus are desired, halve the
values given.

Length

Tolerances, in.
(mm)

Applicable Only to Full-
Length Pieces

Outside Diameters
Up to 1 in. (25.4

mm) Incl

Outside Diameters
Over 1 in. (25.4 mm) to

3 in. (76.2 mm) Incl

Specific lengths:
Up to 6 in. (152 mm) incl 1⁄32 (0.79) 1⁄15 (1.6)
Over 6 in. (152 mm) to 2 ft (610

mm) incl

1⁄16 (1.6) 3⁄32 (2.4)

Over 2 ft (610 mm) to 6 ft (1.83 m)
incl

3⁄32 (2.4) 1⁄8 (3.2)

Over 6 ft (1.83 m) to 14 ft (4.27 m)
incl

1⁄4 (6.4) 1⁄4 (6.4)

Over 14 ft (4.27 m) 1⁄2 (13) 1⁄2 (13)
Specific lengths with ends 1 (25) 1 (25)
Stock lengths with or without ends 1A (25) 1A (25)

AAs stock lengths are cut and placed in stock in advance of orders, departure
from this tolerance is not practicable.

TABLE 8 Schedule of Tube Lengths (Specific and Stock) with
Ends

Outside Dimensions,
in. (mm)

Nominal Length,
ft (m)

Shortest
Permissible

Length,A % of
Nominal Length

Maximum
Permissible

Weight of Ends,
% of Lot Weight

Up to 1 (25.4) incl 6 (1.83) to 20 (6.10)
incl

70 20

Over 1 (25.4) to 2
(50.8) incl

6 (1.83) to 20 (6.10)
incl

60 25

Over 2 (50.8) to 3
(76.2) incl

6 (1.83) to 20 (6.10)
incl

55 30

AExpressed to nearest 1⁄3 ft.
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chemical composition shall be as follows:
13.2.2.1 When samples are taken at the time the castings are

poured, at least one sample shall be taken for each group of
castings poured from the same source of molten metal.

13.2.2.2 When samples are taken from semifinished prod-
uct, a sample shall be taken to represent each 10 000 lbs (4550
Kg), or fraction thereof, except that not more than one sample
shall be required.

13.2.2.3 Only one sample need be taken from the semifin-
ished product of one cast bar of a single melt charge continu-
ously processed.

13.3 Samples of All Other Tests—Samples of all other tests
shall be taken from the sample portions selected in 13.1.2 and
be of a convenient size to accommodate the test and comply
with the requirements of the appropriate product specification
and test method.

14. Number of Tests and Retests

14.1 Tests:
14.1.1 Chemical Analysis—Chemical composition shall be

determined as the per element mean of results from at least two
replicate analyses of the sample(s).

14.1.2 Other Tests—Tensile and electrical resistivity results
shall be reported as the average of the results obtained from at
least two test specimens, each taken from a separate test piece
where possible.

14.2 Retests:
14.2.1 When requested by the manufacturer or supplier, a

retest shall be permitted when results of the test obtained by the
purchaser fail to conform with test requirements of the product
specification.

14.2.2 The retest shall be as directed in the product speci-
fication for the initial test except the number of test specimens
shall be twice that normally required for the specified test.

14.2.3 Test results for all specimens shall conform to the
product specification requirement(s) in retest and failure to
comply shall be cause for lot rejection.

15. Specimen Preparation

15.1 Analytical specimen preparation shall be the responsi-
bility of the reporting laboratory.

15.2 Tensile Test—The test specimen shall be of the full
section of the tube and shall conform to the requirements of
specimens for pipe and tube of Test Methods E 8, unless the
limitations of the testing machine preclude the use of such a
specimen. Test specimens conforming to Type No. 1 of Fig. 13
of Test Methods E 8 may be used when a full-section specimen
cannot be tested.

15.3 Rockwell Hardness—The test specimen shall be of a
size and shape to permit testing by the available test equipment
and shall be taken to permit testing in a plane parallel or
perpendicular to the direction of deformation given to the
product.

15.3.1 The surface of the test specimen shall be sufficiently
smooth and even to permit the accurate determination of
hardness.

15.3.2 The specimen shall be free of scale and foreign
matter and care shall be taken to avoid any change in condition,
that is, heating or cold working.

15.4 Electrical Resistivity—Test specimens are to be full
size where practical and shall be the full cross section of the
material it represents.

15.4.1 When the test specimen is cut from material in bulk,
care shall be taken that the properties are not appreciably
altered in the preparation. Plastic deformation may work
harden a material and tend to raise the resistivity, while heating
tends to anneal the material with a consequent reduction in
resistivity.

15.4.2 When necessary, products are to be rolled or cold
drawn to a wire 0.080 in. (1.2 mm) in diameter and at least 160
in. (4064 mm) in length. Since Copper Alloy UNS C69100 is
heat treatable, such postdrawing or rolling heat treatment shall
be agreed between the manufacturer and purchaser.

15.5 Should any test specimen show defective machining or
develop flaws, it may be discarded and another specimen
substituted.

16. Test Methods

16.1 Chemical Analysis:
16.1.1 The chemical composition of Copper Alloy UNS

C69100 shall be determined, in the case of disagreement, by
the methods defined in Specifications E 54 and E 478.

16.1.2 The test method(s) to be followed for the determina-
tion of element(s) resulting from contractual or purchase order
agreement shall be as agreed upon between the manufacturer or
supplier and the purchaser.

16.2 Other Tests:
16.2.1 The product furnished shall conform to all other

requirements when subjected to test in accordance with the
appropriate test method in the following table:

Test Method

Tensile strength E 8
Eddy current E 243

16.2.1.1 Yield strength shall be determined by the
extension-under-load method of Test Methods E 8.

16.2.1.2 Whenever tension and yield strength test results are
obtained from both full-size and machined test specimens and
they differ, the results from the full-size specimens shall
prevail.

16.2.1.3 Tension test results on Copper Alloy UNS C69100
are not seriously affected by variations in speed of testing. A
considerable range of testing speed is permissible; however,
the rate of stressing to the yield strength should not exceed 100
ksi (690 MPa)/min. Above the yield strength the movement per
minute of the testing machine head under load should not
exceed 0.5 in./in. (0.5 mm/mm) of gage length (or distance
between grips for full-section specimens).

17. Significance of Numerical Limits

17.1 For the purpose of determining compliance with the
specified limits of requirements of the properties listed in the
following table, an observed value of a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 20:

B 706
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Property
Rounded Unit for Observed or

Calculated Value

Chemical composition Nearest unit in the last
Hardness right-hand significant digit
Linear dimensions used in expressing the
Tolerances limiting value

Tensile strength Nearest ksi
Yield strength

Elongation Nearest 1 %

18. Inspection

18.1 The manufacturer, or supplier, shall inspect and make
tests necessary to verify the product furnished conforms to
specification requirements.

18.2 Source inspection of the product by the purchaser may
be agreed upon by the manufacturer or supplier, and the
purchaser as part of the purchase order. In such case, the nature
of the facilities needed to satisfy the inspector representing the
purchaser that the product is being furnished in accordance
with the specification shall be included in the agreement. All
tests and the inspection shall be conducted so as not to interfere
unnecessarily with the operations of the works.

18.3 The manufacturer or supplier and the purchaser may
conduct the final inspection simultaneously by mutual agree-
ment.

19. Rejection and Rehearing

19.1 Rejection:
19.1.1 Product that fails to conform to the specification

requirements when inspected or tested by the purchaser, or
purchaser’s agent, may be rejected.

19.1.2 Rejection shall be reported to the manufacturer, or
supplier, promptly and in writing.

19.1.3 In case of dissatisfaction with the results of the test
upon which rejection is based, the manufacturer, or supplier,
may make claim for a rehearing.

19.2 Rehearing—As a result of product rejection, the manu-
facturer, or supplier, may make claim for a retest to be
conducted by the manufacturer, or supplier, and the purchaser.
Samples of the rejected product shall be taken in accordance

with the product specification and subjected to test by both
parties using the test method(s) specified in the product
specification or, alternatively, upon agreement by both parties,
an independent laboratory may be selected for the test(s) using
the test method(s) specified in the product specification.

20. Certification

20.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met.

21. Test Report

21.1 When specified in the contract or purchase order, a
report of test results shall be furnished.

22. Product Marking

22.1 Product conforming to this specification shall be
marked, using indelible ink, along its length at repetitive
intervals not exceeding 18 in. (460 mm). The repeating legend
shall contain the manufacturer’s name or trademark, the tube’s
outside diameter and wall thickness, this specification number,
the cast number and country of origin. Other information, such
as purchaser’s order number and so forth, shall be added as
required, but a maximum length of 36 in. (910 mm) shall not
be exceeded.

23. Packaging and Package Marking

23.1 Packaging—The product shall be separated by size
and composition, and prepared for shipment in such a manner
as to ensure acceptance by common carrier for transportation
and to afford protection from normal hazards of transportation.

23.2 Package Marking—Each shipment unit shall be
marked legibly with the purchase order number, metal or alloy
designation, temper, size, shape, gross and net weight, and
name of supplier. The specification number shall be shown,
when specified.

24. Keywords

24.1 extra-strong; pipe; regular; seamless; standard pipe
series; tube; UNS No. C69100

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of 1 kg
gives it an acceleration of one metre per second squared (N5
kg · m/s2). The derived SI unit for pressure or stress is the

newton per square metre (N/m2), which has been named the
pascal (Pa) by the General Conference on Weights and Mea-
sures. Since 1 ksi5 6 894 757 Pa, the metric equivalents are
expressed as megapascal (MPa), which is the same as MN/m2

and N/mm2.
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SUMMARY OF CHANGES

The following is a summary of changes incorporated since B 706 – 88 was discontinued in 1993.

(1) A complete revision in line with the ASTM “Outline of
Form for Specification,” revised April 1994.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Designation: B 740 – 02

Standard Specification for
Copper-Nickel-Tin Spinodal Alloy Strip 1

This standard is issued under the fixed designation B 740; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes requirements for copper-
nickel-tin alloy strip in the following alloys:

Copper Alloy UNS No.
Nominal Composition Weight %

Copper Nickel Tin
C72700 85 9 6
C72900 77 15 8
C72650 87.5 7.5 5

1.2 Units—The values stated in inch-pound units and the
values stated in SI units in Table 5 are to be regarded as
standard. The values given in parentheses are mathematical
conversions to SI units and are provided for information only
and are not considered standard.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 248 Specification for General Requirements for Wrought

Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar2

B 598 Practice for Determining Offset Yield Strength in
Tension for Copper Alloys2

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast2

B 820 Test Method for Bend Test for Formability of Copper
Alloy Spring Material2

B 846 Terminology for Copper and Copper Alloys2

E 3 Guide for Preparation of Metallographic Specimens3

E 8 Test Methods for Tension Testing of Metallic Materials3

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys4

E 290 Test Method for Bend Testing of Material for Duc-
tility 3

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

3. General Requirements

3.1 The following sections of Specification B 248 constitute
a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Dimensions and Permissible Variations,
3.1.4 Workmanship, Finish, and Appearance,
3.1.5 Sampling,
3.1.6 Significance of Numerical Limits,
3.1.7 Inspection,
3.1.8 Rejection and Rehearing,
3.1.9 Certification,
3.1.10 Test Reports, and
3.1.11 Packaging and Package Marking.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 above appears in this specification, it contains
additional requirements that supplement those appearing in
Specification B 248.

4. Terminology

4.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Include the following information in orders for prod-
ucts:

5.1.1 Specification number and date,
5.1.2 Quantity,
5.1.3 Copper Alloy UNS number (see 1.1),
5.1.4 Form of material: strip,
5.1.5 Temper (see 7.1),
5.1.6 Dimensions: thickness and width, and length if appli-

cable,
5.1.7 How furnished: rolls or coils, stock lengths with or

without ends, specific lengths with or without ends, and

1 This specification is under the ASTM Committee B05on Copper and Copper
Alloys and is the direct responsibility of Subcommittee B05.01 on Plate, Sheet, and
Strip.

Current edition approved July 10, 2002. Published September 2002. Originally
published as B 740 – 84. Last previous edition B 740 – 96.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.05.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



5.1.8 Type of edge other than slit, for example, rounded
corners, rounded edges, or full-rounded edges.

5.1.9 When material is purchased for agencies of the U.S.
government, this shall be specified in the contract or purchase
order, and the material shall conform to the Supplementary
Requirements as defined in the current edition of Specification
B 248.

5.2 The following options are available and should be
specified at the time of placing of the order when required:

5.2.1 Width and straightness tolerances, if different from
those required in Specification B 248.

5.2.2 Special thickness tolerances if required,
5.2.3 Certification if required,
5.2.4 Mill test report if required, and
5.2.5 Special tests or exceptions, if any.

6. Chemical Composition

6.1 The material shall conform to the requirements specified
in Table 1.

6.2 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser. Copper may be given as remainder and taken as
the difference between the sum of all elements analyzed and
100 %. When all the elements in the table including copper are
analyzed, their sum shall be 99.7 % min.

7. Temper

7.1 The standard tempers of material are as designated in
Table 2, Table 3, and Table 4. Tempers are as follows: TB00
(solution heat treated), or with varying additional degrees of
cold rolling TD01 to TD12 (solution heat treated with varying
degrees of cold rolling); spinodal hardened from these appro-
priate tempers TX00 or TS01 to TS12 (spinodal hardened from
the appropriate solution heat treated or solution heat treated
and cold rolled temper); or Mill Hardened TM00 to TM08
(mill hardened).

7.2 Other tempers are available and shall be subject to
agreement between supplier or manufacturer and purchaser.

8. Grain Size for Annealed Tempers

8.1 Product over 0.010 in. (0.25 mm) in thickness shall have
an average grain-size not exceeding the limits prescribed in
Table 5. The determinations are made on the separate samples
and in a plane perpendicular to the surface.

9. Mechanical Property Requirements

9.1 Tensile Strength Requirements:

9.1.1 The solution heat-treated or solution heat-treated and
cold-worked material shall conform to the tensile property
requirements specified in Table 2, when tested in accordance
with Test Methods E 8.

9.1.2 The spinodal heat-treated material shall conform to
the tensile property requirements specified in Table 3. Spinodal
heat-treatment parameters are given in 11.1.

9.1.3 The mill-hardened material shall conform to the ten-
sile property requirements specified in Table 4.

10. Performance Requirements

10.1 Bend Testing—The bend test is a method for evaluating
the ductility of mill-hardened copper-nickel-tin spinodal alloy
strip in thicknesses of 0.004 to 0.020 in. (0.102 to 0.508 mm),
inclusive.

10.1.1 Material in tempers TM00, TM02, TM04, and TM06
shall conform to the bend test requirements specified in Table
4 when tested in accordance with 14.2.1.

11. Spinodal Heat Treatment

11.1 Solution-heat-treated or solution-heat-treated and cold-
worked material is normally spinodal hardened by the pur-
chaser after forming or machining. For the purpose of deter-
mining conformance to the mechanical properties of Table 3, a
sample of the as-supplied strip of alloys C72700 and C72900
material shall be heat treated at 6626 9°F (3506 5°C) for 11⁄2
h 6 5 min and a sample of the as-supplied strip of alloy
C72650 shall be heat treated at 7256 9°F (3856 5°C) for 2
h 6 5 min. Other heat-treating temperatures and times may be
preferred for end products of this material.

11.2 Special combinations of properties such as increased
ductility, electrical conductivity, dimensional accuracy, endur-
ance life, improved stress relaxation resistance, resistance to
elastic drift, and hysteresis in springs may be obtained by
special spinodal-hardening treatments. The mechanical re-
quirements of Table 3 do not apply to such special heat
treatments.

11.3 Mill-hardened products have been spinodal heat treated
by the manufacturer. Further thermal treatment is not normally
required.

12. Retests

12.1 If any lot of material fails to conform to the require-
ments of this specification due to inadequate heat treatment,
new samples of material may be resubmitted for test after heat
treatment. Only two such reheat treatments shall be permitted.

12.2 If any lot of material fails to conform to the bend test
requirements of this specification, one retest is permitted if

TABLE 1 Chemical Requirements

Composition, %
Copper

Alloy UNS
No.

Previous
Designation

Copper,
incl

Silver

Lead,A

max
Iron,A

max
Zinc,A

max

Nickel,
incl

Cobalt
Tin

Manga-
nese,A

max

Nio-
bium,A

max

Magne-
sium,A

max
C72650 Cu-7.5Ni-5Sn remainder 0.01 0.10 0.10 7.0–8.0 4.5–5.5 0.10 ... ...
C72700 Cu-9Ni-6Sn remainder 0.02B 0.50 0.50 8.5–9.5 5.5–6.5 0.05-0.30 0.10 0.15
C72900 Cu-15Ni-8Sn remainder 0.02B 0.50 0.50 14.5–15.5 7.5–8.5 0.30 0.10 0.15

A The total of the elements Pb, Fe, Zn, Mn, Nb, and Mg not to exceed 0.7 %.
B 0.005 % Pb, max for hot rolling.
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only one of the three specimens fails the test. No retest is
permitted if two or more specimens fail this test.

13. Specimen Preparation

13.1 Tension test specimens shall be prepared as specified in
Test Methods E 8. The longitudinal axis of the specimen shall
be parallel to the direction of rolling unless otherwise specified.

13.2 Specimens for the determination of grain size shall be
prepared in accordance with Guide E 3.

13.3 For bend testing, three specimens,1⁄2 6 1⁄16 in. (12.70
6 1.59 mm) in width of any convenient length, with the rolling
direction perpendicular to the1⁄2 in. dimension, shall be
prepared and tested in accordance with Test Method B 820.

14. Test Methods

14.1 Chemical Analysis:

14.1.1 Composition shall be determined, in case of dis-
agreement, as follows:

Element Test Methods
Copper E 75
Nickel E 478

Tin E 75
Lead E 75
Iron E 75
Zinc E 75

Manganese E 75

14.2 Other Tests:
14.2.1 Bend Test—The axis of the bend shall be at an angle

of 90° to the direction of rolling, unless otherwise specified.
The test specimens shall be bent 906 5° around the test radius.
To pass the test, all three specimens tested from a lot must
withstand the 90° bend without visible cracks or fracture when
observed on the convex surface of the bend at a magnification

TABLE 2 Tensile Property Requirements

Tempers: Solution Heat-Treated
Solution Heat-Treated and Cold Worked

Copper Alloy
UNS No.

Temper Designations Tensile
Strength,

ksiA (MPa)B

min–maxC

YieldD

Strength
(0.05 % Offset),

ksiA (MPa)B

min–maxC

Elongation
in 2 in., %

StandardE Former

C72650 TB00 Solution HT 55–70 21—32 32
(380—480) (145–220)

C72650 TD01 Solution HT and Cold Worked 1⁄4 Hard 60–75 45–60 18
(415–515) (310–415)

C72650 TD02 Solution HT and Cold Worked 1⁄2 Hard 75—85 55–75 5
(515—585) (380–515)

C72650 TD03 Solution HT and Cold Worked 3⁄4 Hard 80–90 68–82 4
(550–620) (470–565)

C72650 TD04 Solution HT and Cold Worked Hard 85–95 77–90 2
(585–655) (530–620)

C72700 TB00 Solution HT 60–80 23–33 30
(410–550) (160–230)

C72700 TD01 Solution HT and Cold Worked 1⁄4 Hard 72–95 48–64 12
(500–660) (330–440)

C72700 TD02 Solution HT and Cold Worked 1⁄2 Hard 82–108 57–80 6
(570–740) (390–550)

C72700 TD04 Solution HT and Cold Worked Hard 97–125 77–100 3
(670–860) (530–690)

C72700 TD08 Solution HT and Cold Worked Spring 110–140 95–115 2
(760–970) (660–790)

C72700 TD12 Solution HT and Cold Worked Special Spring 115–150 105–125 ...
(790–1030) (720–860)

C72900 TB00 Solution HT 64–85 24–40 32
(440–585) (165–275)

C72900 TD01 Solution HT and Cold Worked 1⁄4 Hard 75–100 50–66 18
(515–690) (345–455)

C72900 TD02 Solution HT and Cold Worked 1⁄2 Hard 85–110 65–84 8
(585–760) (450–580)

C72900 TD03 Solution HT and Cold Worked 3⁄4 Hard 95-120 80-100 3
(655-825) (550-690)

C72900 TD04 Solution HT and Cold Worked Hard 100–130 85–108 ...
(690–895) (585–745)

C72900 TD08 Solution HT and Cold Worked Spring 122–145 100–125 ...
(840–1000) (690–860)

C72900 TD12 Solution HT and Cold Worked Special Spring 135–155 110–130 ...
(930–1070) (760–895)

A 1 ksi = 1000 psi.
B See Appendix X1.
C Max for reference.
D As per Practice B 598.
E As per Classification B 601.
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of 103. The test radius shall be within66 % of the nominal
radius up to 0.010 in. (0.254 mm), and within64 % for radii
0.010 in. (0.254 mm) and over.

15. Keywords
15.1 age hardening; copper-nickel-tin; spinodal; strip; UNS

C72650; UNS C72700; UNS C72900

TABLE 3 Tensile Property Requirements

Tempers: Solution Heat Treated and Spinodally Hardened;A

Solution Heat Treated, Cold Worked and Spinodally HardenedA

Copper Alloy
UNS No.

Temper Designations Tensile
Strength,

ksiB (MPa)C

min–maxD

YieldE

Strength
(0.05 % Offset),

ksiB (MPa)C

min–maxD

Elongation
in 2 in., %

StandardF Former

C72650 TX00 Spinodal HT 120–140 60—95 6
(825—965) (415–655)

C72650 TS01 1⁄4Hard and Spinodal HT 130–140 90–115 8
(900–965) (620–790)

C72650 TS02 1⁄2Hard and Spinodal HT 135–145 100–125 6
(930—1000) (690–860)

C72650 TS03 3⁄4Hard and Spinodal HT 140–150 105–130 6
(965–1035) (725–895)

C72650 TS04 Hard and Spinodal HT 140–155 110–135 4
(965–1070) (760–930)

C72700 TX00 Spinodal HT 100–130 55–99 15
(690–900) (380–680)

C72700 TS01 1⁄4Hard + Spinodal HT 115–140 85–112 10
(790–970) (590–770)

C72700 TS02 1⁄2Hard + Spinodal HT 125–150 100–123 6
(860–1030) (690–850)

C72700 TS04 Hard + Spinodal HT 135–160 115–135 4
(930–1100) (790–930)

C72700 TS08 Spring + Spinodal HT 145–179 125–150 3
(1000–1230) (860–1030)

C72700 TS12 Special Spring + Spinodal HT 150–180 130–160 2
(1030–1240) (900–1100)

C72900 TX00 Spinodal HT 120–150 95–120 6
(825–1035) (655–825)

C72900 TS01 1⁄4Hard + Spinodal HT 130–160 105–130 4
(895–1105) (725–895)

C72900 TS02 1⁄2Hard + Spinodal HT 145–175 125–150 3
(1000–1205) (860–1035)

C72900 TS03 3⁄4 Hard + Spinodal HT 155–185 135–160 2
(1070–1275) (930–1105)

C72900 TS04 Hard + Spinodal HT 165–195 145–170 2
(1140–1345) (1005–1170)

C72900 TS08 Spring + Spinodal HT 175–205 155–185 ...
(1205–1415) (1070–1275)

C72900 TS12 Special Spring + Spinodal HT 180–225 160–200 ...
(1240–1550) (1105–1380)

A 662 6 9°F (350 6 5°C) for 11⁄2h 6 5 min (C72700, C72900); 725 6 9°F (385 6 5°C) for 2 h 6 5 min (C72650).
B 1 ksi = 1000 psi.
C See Appendix X1.
D Max for reference.
E As per Practice B 598.
F As per Classification B 601.
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

TABLE 4 Mechanical Property Requirements Copper Alloy UNS Nos. C72650 and C72900—Mill Hardened Tempers

Copper
Alloys

UNS No.

Temper Designations Tensile
Strength,

ksiA (MPa)B

min–max

Yield
Strength

(0.2 % offset)C,
ksiA (MPa)B

min–max

Yield
StrengthD

(0.05 % offset)
ksiA (MPa)B

min–maxE

Elongation
in 2 in., %

min

Minimum
90° Bad Way
Bend Ratio

(R/t)FStandardG Former

C72650 TM00 AM 100–120 70–90 65–85 18 1
(690–825) (480–620) (450–555)

C72650 TM02 1⁄2 HM 115–135 90–110 85–105 10 2.5
(790–930) (620–760) (585–725)

C72650 TM04 HM 115–135 100–120 95–115 10 3.7
(790–930) (690–830) (655–790)

C72650 TM06 XHM 120–140 105–125 100–120 10 5
(825–965) (725–860) (690–825)

C72650 TM08 XHMS 130–145 115–135 105–125 6 5.5
(895–1000) (790-930) (725-860)

C72900 TM00 AM 95–115 75–95 70–90 22 0
(655–790) (515–655) (480–620)

C72900 TM02 1⁄2 HM 105–125 90–110 80–105 15 0.5
(725–860) (620–760) (550–725)

C72900 TM04 HM 115–135 105–125 95–120 10 1
(790–930) (725–860) (655–825)

C72900 TM06 XHM 130–150 120–145 105–130 6 6
(895–1035) (825–1000) (725–895)

C72900 TM08 XHMS 150–180 140–170 125–150 2 ...
(1035–1225) (965–1170) (860–1035)

A 1 ksi = 1000 psi.
B See Appendix X1.
C For reference.
D As per Practice B 598.
E Max for reference.
F As per Practice B 820. The “t” equals the measured average strip thickness to be tested. The “R” equals the bend radius.
G As per Classification B 601.

TABLE 5 Grain Size Requirements for Copper Alloy UNS Nos.
C72700 and C72900—Tempers TB00, TX00, and TM00

Thickness,
in. (mm)A

Maximum
Average

Grain Size,
mmB

Up to 0.030 (0.762) 0.035
Over 0.030 to 0.090 (0.762 to 2.28) 0.045
Over 0.090 to 0.188 (2.28 to 4.78)C 0.060

A See Appendix X1.
B Although no minimum grain size is required, this material must be fully

recrystallized.
C As per Classification B 601.
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 740 – 96)
that may impact the use of this standard.

(1) In Table 1, the correction of iron and zinc limits for UNS
72650, and manganese range for C 72700. Also, the substitu-
tion of the chemical symbol Nb, for the obsolete Cb, in
footnoteA of the table.

(2) The addition of minimum bend test ratios to Table 4.

(3) Editorial and format changes as required for a 5-year
review.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 743 – 00

Standard Specification for
Seamless Copper Tube in Coils 1

This standard is issued under the fixed designation B 743; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification establishes the requirements for seam-
less copper tube in coils, suitable for use in refrigeration and air
conditioning or other uses, such as oil lines, gasoline lines, and
so forth.

1.2 Units—The values stated in inch-pound units are stan-
dard. The values given in parentheses are mathematical con-
versions to SI units, which are provided for information only
and are not considered standard.

1.3 The tube shall be produced of the following coppers.
Unless otherwise specified, tubes made from any one of these
coppers may be supplied:

Copper Alloy
UNS No.

Previously Used
Designation Type of Copper

C10200 OF Oxygen-free without residual deoxidantsA

C10300 ... Oxygen-free, extra low phosphorusA

C10800 ... Oxygen-free, low phosphorusA

C12000 DLP Phosphorized, low residual phosphorus
C12200 DHP Phosphorized, high residual phosphorus

A See Classification B 224.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The SI values given in parentheses are
provided for information only.

1.5 The following safety hazards caveat pertains to the test
method portion, Section 19, of this specification.This standard
does not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
B 153 Test Method for Expansion (Pin Test) of Copper and

Copper-Alloy Pipe and Tubing2

B 170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes2

B 193 Test Method for Resistivity of Electrical Conductor
Materials3

B 224 Classification of Coppers2

B 251 Specification for General Requirements for Wrought
Seamless Copper and Copper-Alloy Tube2

B 577 Test Methods for Detection of Cuprous Oxide (Hy-
drogen Embrittlement Susceptibility) in Copper2

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast2

E 2 Methods of Preparation of Micrographs of Metals and
Alloys (Including Recommended Practice for Photography
as Applied to Metallography)4

E 3 Practice for Preparation of Metallographic Specimens5

E 8 Test Methods of Tension Testing of Metallic Materials6

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials5

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry7

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)7

E 112 Test Methods for Determining Average Grain Size5

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes8

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition9

E 846 Terminology for Copper and Copper Alloys2

3. General Requirements

3.1 The following sections of Specification B 251 constitute
a part of this specification:

3.1.1 Sampling,
3.1.2 Number of tests and retests,
3.1.3 Dimensions and permissible variations,
3.1.4 Test specimens, and

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved March 10, 2000. Published May 2000. Originally
published as B 743 – 85. Last previous edition B 743 – 95.

2 Annual Book of ASTM Standards, Vol 02.01.

3 Annual Book of ASTM Standards, Vol 02.03.
4 Discontinued. See 1982Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.01.
7 Annual Book of ASTM Standards, Vol 03.05.
8 Annual Book of ASTM Standards, Vol 03.03.
9 Annual Book of ASTM Standards, Vol 14.04.

1

*A Summary of Changes section appears at the end of this standard.
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3.1.5 Significance of numerical limits.
3.2 In addition, when a section with a title identical to those

referenced in 2.1 appears in this specification, it contains
additional information which supplements those appearing in
Specification B 251. In case of conflict, this specification shall
prevail.

4. Terminology

4.1 Definitions—For the definitions of terms related to
copper and copper alloys, refer to Terminology B 846.

4.1.1 coil, n—length of the product wound into a series of
connected turns. The unqualified term“ coil” as applied to tube
usually refers to a bunched coil.

4.1.1.1 bunched, adj—coil in which the turns are bunched
and held together such that the cross section of the bunched
turns is approximately circular.

4.1.1.2 level or traverse wound, adj—coil in which the turns
are wound into layers parallel to the axis of the coil such that
successive turns in a given layer are next to one another
(sometimes called “helical coil”).

4.1.1.3 single layer flat, adj—coil in which the product is
spirally wound into a single disk-like layer (sometimes called
“pan-cake coil” or “single layer spirally wound coil”).

4.1.1.4 double layer flat, adj—coil in which the product is
spirally wound into two connected disk-like layers such that
one layer is on top of the other (sometimes called “double layer
pan-cake coil” or “double layer spirally wound coil”).

4.2 Definitions of Terms Specific to This Standard:
4.2.1 unaided eye, n—visual inspection, without the use of

special equipment or enhancement excepting the use of cor-
rective lenses.

5. Ordering Information

5.1 Orders for materials under this specification shall in-
clude the following information:

5.1.1 ASTM designation and year of issue,
5.1.2 Copper UNS No. (for example, C12200), if required

(see 1.4 and 7.1),
5.1.3 Temper (see Section 8).
5.1.4 Dimensions, diameter, and wall thickness. Dimen-

sional tolerances, if other than those included in this specifi-
cation, are required,

5.1.5 Length (see 16.1),
5.1.6 Type of coil (see 4.1),
5.1.7 Total quantity of each item,
5.2 The following options are available and shall be speci-

fied at the time of placing the order, when required:
5.2.1 Embrittlement test (see 13.3.1),
5.2.2 Refrigeration or air-conditioning grade (see 17.3),
5.2.3 If coil ends are to be sealed (see 13.4.1.1),

5.2.4 Eddy-current test (see 13.1.1),
5.2.5 Expansion test (see 12.1.1),
5.2.6 Electrical resistivity requirement (see 10.1),
5.2.7 Certification (see Section 23),
5.2.8 Mill test report.

6. Materials and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be cast billet, bar,

tube, and so forth of Copper Alloys Nos. C10200, C10300,
C10800, C12000, or C12200 and of such purity and soundness
as to be suitable for processing in to the product prescribed
herein.

6.2 Manufacture:
6.2.1 The tube shall be manufactured by such hot and cold

working processes needed to produce a homogenous, uniform
wrought structure in the finished product.

6.2.1.1 It shall be cold-drawn to the finish size and wall
thickness.

6.2.1.2 When the cold-drawn temper is required, the final
drawing operation shall be such as to meet the specified
temper.

6.2.1.3 When the annealed temper is required, the tube shall
be annealed after the final cold draw.

7. Chemical Composition

7.1 The material shall conform to the compositional require-
ments listed in Table 1 for the copper specified in the ordering
information.

8. Temper

8.1 H (Drawn) Temper—The temper of drawn tube shall be
designated as H58 (drawn, general purpose).

8.2 O (Annealed) Temper—The temper of annealed tube
shall be designated as 050 (light anneal) and 060 (soft anneal)
(see Table 2). Tempers are defined in Practice B 601.

9. Grain Size of Annealed Tempers

9.1 Samples of annealed temper tubes shall be examined at
a magnification of 75 diameters. The microstructure shall show
complete recrystallization and shall have an average grain size
within the limits specified in Table 3, when tested in accor-
dance with Test Method E 112.

10. Physical Property Requirements

10.1 Electrical Resistivity—When specified in the contract
or purchase-order, tube ordered for electrical conductor appli-
cation produced from Copper UNS No. C10200, C10300, or
C12000 shall have an electrical mass resistivity,V.g/m2, not to

TABLE 1 Chemical Requirements

Element
Composition, %

Copper Alloy UNS No.
C10200A C10300 C10800 C12000 C12200

Copper,B min 99.95 ... ... 99.90 99.9
Copper + phosphorus, min ... 99.95 99.95 ... ...
Phosphorus ... 0.001–0.005 0.005–0.012 0.004–0.012 0.015–0.040

AOxygen in C10200 shall be 10 ppm max.
BSilver counting as copper.

B 743 – 00
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exceed the limits in Table 4 for the specified copper and temper
when tested in accordance with Test Method B 193.

11. Mechanical Property Requirements

11.1 Tensile and Yield Strength—The product shall conform
to the requirements in Table 2 for the specified temper.

11.2 Rockwell Hardness:
11.2.1 For product of the H58 temper and Rockwell hard-

ness values are given for reference purposes only.
11.2.2 For product of the O (annealed) temper, the product

shall conform to the Rockwell hardness values contained in
Table 2.

12. Performance Requirements

12.1 Expansion Requirement:
12.1.1 When specified in the contract or purchase order,

specimens of the annealed product shall be capable of being
expanded in accordance with Test Method B 153 with an
expansion of the outside diameter in the following percentage:

Outside Diameter,
in. (mm)

Expansion of Outside
Diameter, %

0.750 (19.1) and under 40
Over 0.750 (19.1) 30

12.1.2 The expanded tube shall show no cracking or rupture
visible to the unaided eye.

13. Other Requirements

13.1 Nondestructive Examination for Defects:
13.1.1 Upon agreement between the manufacturer and the

purchaser, each tube shall be subjected to an eddy-current test.
13.1.2 Tubes shall be tested normally in the drawn temper;

however, they may be tested in the annealed temper at the
option of the manufacturer.

13.1.3 Testing shall follow the procedures of Practice E 243
except for the determination of “end effect.”

NOTE 1—End effect is that length of the tube, which travels through the
coil until the testing unit, has stabilized and is able to detect flaws. The
magnitude of the spike, generated when an end passes through the test
coils is such that it disrupts testing momentarily.

13.1.4 Unless otherwise agreed upon between the manufac-
turer, or supplier, and the purchaser, the manufacturer shall
have the option of calibrating the test equipment using either
notches or drilled holes. If agreement cannot be reached,
drilled holes shall be used.

13.1.4.1 Notch-depth standards rounded to the nearest 0.001
in. (0.025 mm) shall be 22 % of the nominal bottom-wall
thickness.

13.1.4.2 Drilled-hole standards shall be 0.025 in. (0.635
mm) diameter for tubes up to and including3⁄4 in. (19.05 mm)
specified diameter and 0.31 in. (0.785 mm) diameter for tubes
over 3⁄4 in. (19.05 mm) specified diameter.

13.1.5 Tubes that do not actuate the signaling device on the
eddy-current tester shall be considered in conformance with the
requirements of this test.

13.1.6 Tubes, rejected for irrelevant signals because of
moisture, soil, and like effects, may be reconditioned and
retested.

13.1.7 Tubes that are reconditioned and retested (see 13.1.6)
shall be considered in conformance with the requirements of
this specification, if they do not cause output signals beyond
the acceptable limits.

13.1.8 Eddy-current discontinuities will be identified on
coils in excess of 200 ft (61 m) in length for subsequent
removal by the purchaser.

TABLE 2 Mechanical Property Requirements of Drawn-Temper and Annealed-Temper Tube

Rockwell Hardness

Temper Designation
Wall Thickness,

in. (mm)
Scale Value

Tensile Strength Min,
ksiA (Mpa)

Yield StrengthB Min,
ksiA (Mpa)

Elongation in 2 in.,
min %

H58 Less than 0.020 N/A N/A 36 (250) 30 (205) N/A
0.020 and over 30TC 30 min 36 (250) 30 (205) N/A

O50 Less than 0.015 N/A N/A 30 (205) 9 (62) 40
0.015 to 0.035 15TC 65 max 30 (205) 9 (62) 40

(0.381 to 0.889)
Over .035 FC 55 max 30 (205) 9 (62) 40

(0.889)
O60 Less than 0.015 N/A N/A 30 (205) 6 (40) 40

0.015 to 0.035 15TC 60 max 30 (205) 6 (40) 40
(0.381 to 0.889)

Over 0.35 FC 50 max 30 (205) 6 (40) 40
(0.889)

Aksi = 1000 psi.
BYield strength to be determined at 0.5 % extension under load.
CRockwell hardness values apply to tubes having an inside diameter of 5⁄16 in. (7.92 mm) or over, and Rockwell hardness test shall be made on the inside surface of

the tube. When suitable equipment is not available for determining the specific Rockwell hardness, other Rockwell scales and values may be specified subject to agreement
between the purchaser and supplier.

TABLE 3 Grain Size of Annealed Tempers

Temper Average Grain Size, mm
O60 0.040 min
O50 0.040 max

TABLE 4 Copper UNS No.

NOTE 1—Refer to Appendix X1 for the International Annealed Copper
Standard (IACS) electrical conductivity equivalents.

Temper C10200 C10300 C12000
O50, O60 0.153 28 0.156 14 0.170 31
H58 0.15737 0.159 40 0.174 18
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13.1.9 At the customer’s discretion, the permissible number
of identified eddy current discontinuities may be specified.

13.2 Cuprous Oxide Requirement—Samples of Copper
UNS No. C10200, C10300, and C12000 shall be significantly
free of cuprous oxide as determined by Procedure A of Test
Methods B 577. In case of dispute, a referee method in
accordance with Procedure C shall be used.

13.3 Embrittlement—Samples of Copper UNS Nos.
C10200, C10300, C10800, C12000, and C12200 shall be
capable of passing the embrittlement test of Procedure B of
Test Methods B 577. The actual performance of this test is not
mandatory under the terms of this specification unless specified
in the ordering information. In case of a dispute, a referee
method in accordance with Procedure C shall be used.

13.4 Cleanness Requirement:
13.4.1 When refrigeration or air conditioning grade is speci-

fied, the tube shall be capable of meeting the following
cleanness requirement described in 13.4.1.1.

13.4.1.1 The inside of the tube, with closed ends, shall be
sufficiently clean such that when the interior of the tube is
washed with a suitable solvent, such as re-distilled chloroform
or redistilled trichloroethylene, the residue remaining upon
evaporation of the solvent shall not exceed 0.0035 g/ft2 (0.038
g/m2) of interior surface. See 19.3 for the test method.

13.4.1.2 The term “capable of” in the context of this
requirement shall mean that the testing and reporting of
individual lots need not be performed by the producer of the
product, if capability of the manufacturing process to meet this
requirement has previously been established; however, should
subsequent testing by either the producer or purchaser establish
that the product does not meet this requirements, the product
shall be subject to either rejection, or recall or both.

14. Expansion Test

14.1 The annealed material shall be capable of being ex-
panded in accordance with Test Method B 153 with an expan-
sion of the outside diameter in the following percentage:

Outside Diameter,
in. (mm)

Expansion of Outside
Diameter, %

0.750 (19.1) and under 40
Over 0.750 (19.1) 30

14.2 The expanded tube shall show no cracking or rupture
visible to the unaided eye. The term “unaided eye” as used
herein permits the use of corrective spectacles necessary to
obtain normal vision.

15. Nondestructive Testing

15.1 Upon agreement between the manufacturer and the
purchaser, tube shall be subjected to an eddy-current test.

15.2 The tube shall be passed through an eddy-current test
unit adjusted to provide information on the suitability of the
tube for the intended application. Testing shall follow the
procedures of Practice E 243 except for the determination of
“end effect.”

15.3 Unless otherwise agreed upon between the manufac-
turer and the purchaser, the manufacturer shall have the option
of calibrating the test equipment using either notches or drilled
holes. Notch depth standards rounded to the nearest 0.001 in.

(0.025 mm) shall be 22 % of the nominal wall thickness.
Drilled hole standards shall be 0.025 in. (0.635 mm) diameter
for tubes up to and including3⁄4-in. specified diameter. Alter-
natively, when a manufacturer uses speed insensitive equip-
ment that can select a maximum unbalance signal, a maximum
unbalance signal of 0.3 % may be used.

15.4 Unless otherwise specified, eddy-current discontinui-
ties, as detected, will be identified on coils in excess of 200 ft
(6096 cm) in length for subsequent removal by the purchaser.

15.5 At the customer’s discretion, the permissible number
of identified eddy-current discontinuities may be specified.

16. Dimensions and Permissible Variations

16.1 For coil lengths, see Table 5 of this specification. If
coils are produced to a specified nominal weight, no coil shall
weigh less than 40 % of the nominal weight, and no more than
20 % of the coils in a lot shall weigh less than 70 % of the
nominal weight unless otherwise agreed between supplier and
purchaser.

17. Workmanship, Finish and Appearance

17.1 The product shall be free of defects of a nature that
interfere with normal commercial applications, except as noted
in 13.1.8.

17.2 The product shall be well cleaned and free of dirt.
17.3 Product of refrigeration and air conditioning grade

shall meet the cleanness requirement of 13.4.

18. Specimen Preparation

18.1 Chemical Analysis:
18.1.1 Sample preparation shall be in accordance with

Practice E 255.
18.1.2 Analytical specimen preparation shall be the respon-

sibility of the reporting laboratory.
18.2 Electrical Resistivity:
18.2.1 The test specimen shall be full size and shall be the

full cross section of the material it represents, when possible.
18.2.2 When the test specimen is taken from material in

bulk, care must be taken that the properties are not appreciably
altered in the preparation.

NOTE 2—Plastic deformation tends to work-harden a material and raise
its resistivity, while heating tends to anneal the material with a subsequent
reduction in resistivity.

18.3 Microscopical Examination—Samples preparation
shall be in accordance with Test Method B 577.

18.4 Embrittlement Test—Samples preparation shall be in
accordance with Test Method B 577.

TABLE 5 Methods of Test

Test ASTM Designation

Chemical analysisA B 170, E 53, E 62
Tension E 8
Rockwell hardness E 18
Grain size E 2, E 3, E 112
Expansion (pin test) B 153

A Reference to Specification B 170 is to the suggested chemical methods in the
annex thereof. When Committee E-1 has tested and published methods for
assaying the low level impurities in copper, the annex in Specification B 170 will be
eliminated.
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18.5 Grain-Size—The test specimen shall be prepared in
accordance with Test Method E 3 and shall approximate a
radial longitudinal-section of the tube.

18.6 Expansion Test Specimen—Test specimens shall con-
form to the requirements of the specimen preparation section of
Test Method B 153.

18.7 Cleanness Test Specimen—A section of straight tube,
or a section of a straightened tube from the outside end of a
coil, not less than 5 ft (1.5 m), shall be selected.

19. Test Methods

19.1 In the case of disagreement, the properties enumerated
in this specification shall be determined in accordance with the
ASTM test methods listed in Table 6.

19.2 Tension Test:
19.2.1 Tension-test specimens shall be of the full-section of

the tube and shall conform to the requirements of specimens
for tube section, of Test Method E 8, unless the limitations of
the testing machine preclude the use of such a specimen. Test
specimens conforming to type No. 1, Fig. 9, of Test Methods
E 8, may be used when a full-section specimen cannot be
tested.

19.2.2 Whenever different tension-test results are obtained
from both full-size and machined test specimens, the results
obtained from full-size test specimens shall be used to deter-
mine conformance to the requirements of this specification.

19.2.3 Tension-test results on products produced under this
specification are not seriously affected by variations in speed of
testing. A considerable range of testing speed is permissible;
however, the rate of stressing to the yield strength should not
exceed 100 ksi/min (690 MPa/min.) Above the yield strength,
the movement per minute of the testing-machine head under
load should not exceed 0.5 in./in. (0.5 mm/mm) of gage length
(or distance between grips for full section specimens).

19.3 Cleanness Test:
19.3.1 A section of a straightened tube from the outside end

of a coil, not less than 5 ft (1.5 m), shall be selected. One end
of the tube shall be closed, and the tube shall be filled with
solvent to1⁄8 of capacity. The opposite end shall be closed and
the tube shall be rolled back and forth on horizontal supports to
thoroughly wash the inside surface. The closure shall be
removed and the solvent shall be poured into a suitable
weighed-container. The solvent in the container shall be
evaporated to dryness on a low-temperature hot plate or sand
bath. Overheating of the container shall be avoided to prevent
charring of the residue. The container then shall be dried in an
oven at 212 to 230°F (100 to 110°C) for 10 min, cooled in a
desiccator, and weighed. A blank determination shall be run
with the same volume of solvent and the gain in weight for the
blank shall be subtracted from the weight of the residue

sample. The corrected weight shall then be calculated in grams
of residue per internal area of the tube in square feet.

19.3.2 The quantity of the solvent used will vary with the
size of the tube being examined. The quantity of solvent used
for the blank run shall be the same as that used for cleaning the
tube sample.

19.3.3 The sample must be prepared in such a manner as to
prevent the inclusion in the residue of copper chips or dust
resulting from the cutting of the sample.

20. Significance of Numerical Limits

20.1 For purpose of determining compliance with the speci-
fied limits for requirements of the properties listed in Table 7,
an observed value or calculated value shall be rounded as
indicated in accordance with the rounding method of Practice
E 29.

21. Inspection

21.1 The manufacturer shall inspect and make the necessary
tests to verify that the product furnished conforms to the
requirements of this specification.

21.2 If, in addition, the purchaser elects to perform his own
inspection, the manufacturer shall afford the inspector all
reasonable facilities, without charge, to satisfy him that the
tubes are being furnished in accordance with this specification.

22. Rejection and Rehearing

22.1 Products that fail to conform to the requirements of this
specification may be rejected. Rejection shall be reported to the
manufacturer or supplier promptly. In addition, written notifi-
cation of rejection shall follow. In case of dissatisfaction with
the results of the test, the manufacturer or supplier may make
claim for a rehearing.

23. Certification

23.1 When specified on the purchase order, the manufac-
turer shall furnish to the purchaser a certificate stating that each
lot has been sampled, tested, and inspected in accordance with
this specification and has met the requirements.

24. Mill Test Report

24.1 When specified on the purchase order, the manufac-
turer shall furnish to the purchaser a test report showing results
of the tests required by the specification.

25. Packaging and Package Marking

25.1 The material shall be separated by size, composition,
and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation.

TABLE 6 Methods of Test

Test ASTM Designation

Grain size E 112
Expansion (pin test) B 153
Eddy current E 243
Chemical analysis

Copper E 53
Phosphorus E 62

TABLE 7 Rounding Units

Property
Rounded Unit for Observed

or Calculated Value

Chemical composition hardness nearest unit in the last righthand
place of figures of the specified
limit

Tensile strength nearest ksi (nearest 5 MPa)
Expansion nearest 1 %
Grain size:

Up to 0.055 mm, incl nearest multiple of 0.005 mm
Over 0.055 to 0.160 mm, incl nearest 0.01 mm
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25.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, gross and net weight, total length or piece count, or both,
and name of supplier. The specification number shall be shown,
when specified.

26. Keywords

26.1 coils; copper tubes; seamless

APPENDIX

(Nonmandatory Information)

X1. INTERNATIONAL ANNEALED COPPER STANDARD (ELECTRICAL CONDUCTIVITY EQUIVALENTS)

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue of B 743 - 95
that may impact this standard.

(1) General rewrite of the specification to conform with the
Committee B05 Outline of Form. Included in the rewrite is the
further utilization of Specification B 251.
(2) The electrical resisivity requirement was added to the
Physical Property section.
(3) Appendix X1 on Metrics was deleted.

(4) Appendix X1 on Conductivity was added.
(5) The Mechanical Properties table was rearranged, and the
yield strength of O60 temper was lowered.
(6) The Mechanical Properties section was changed to clarify
the Rockwell hardness requirement.
(7) The Ordering Information section was amended.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Electrical Conductivity Equivalents

Electrical Resistivity,
V.gm/m2

Conductivity,
%

Electrical
Resistivity,
V.gm/m2

Conductivity,
%

0.151 76 101.00 0.159 40 96.16
0.153 28 100.00 0.170 31 90
0.156 14 98.16 0.174 18 88
0.157 37 97.40 . . . ...
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Designation: B 747 – 02

Standard Specification for
Copper-Zirconium Alloy Sheet and Strip 1

This standard is issued under the fixed designation B 747; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification establishes the requirements for sheet
and strip of Copper Alloy UNS C15100.

1.2 Values stated in inch-pound units are the standard. SI
values given in parentheses are for information only.

2. Referenced Documents

2.1 ASTM Standards:
B 193 Test Method for Resistivity of Electrical Conductor

Materials2

B 248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar3

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys3

E 3 Guide for Preparation of Metallographic Specimens4

E 8 Test Methods for Tension Testing of Metallic Materials4

E 53 Test Methods for Chemical Analysis of Copper5

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)5

E 112 Test Methods for Determining Average Grain Size4

E 255 Practice for Sampling of Copper and Copper Alloys
for Determination of Chemical Composition5

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

E 527 Practice for Numbering Metals and Alloys (UNS)6

3. General Requirements

3.1 The following sections of Specification B 248 constitute
a part of this specification:

3.1.1 Terminology,
3.1.2 Workmanship, Finish, and Appearance,
3.1.3 Sampling,

3.1.4 Number of Tests and Retests,
3.1.5 Specimen Preparation,
3.1.6 Significance of Numerical Limits,
3.1.7 Inspection,
3.1.8 Rejection and Rehearing,
3.1.9 Certification,
3.1.10 Test Reports,
3.1.11 Packaging and Package Marking, and
3.1.12 Supplementary Requirements.

4. Terminology

4.1 For definition of terms related to copper and copper
alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Orders for product under this specification should in-
clude the following information:

5.1.1 ASTM designation number and year of issue,
5.1.2 Quantity (of each size),
5.1.3 Copper Alloy UNS No. (see 1.1),
5.1.4 Form of material (sheet or strip),
5.1.5 Temper (see 8.1),
5.1.6 Dimensions (thickness, width, length, if applicable),
5.1.7 How furnished (rolls, specific lengths with or without

ends, stock lengths with or without ends),
5.1.8 Type of edge, if required (slit, sheared, sawed, square

corners, rounded corners, rounded edges, or full-rounded
edges),

5.1.9 Type of width and straightness tolerances, if required
(slit metal tolerances, square sheared metal tolerances, sawed
metal tolerances, straightened or edge-rolled metal tolerances),
and

5.2 In addition, when material is purchased for the U.S.
Government, it shall conform to the Supplemental require-
ments as defined in Specification B 248 when specified in the
contract or purchase order.

6. Material and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be a cast bar, slab,

cake, billet, etc. of Copper Alloy UNS No. C15100 of such
purity and soundness as to be suitable for processing in to the
products prescribed herein.

6.1.2 In the event heat identification or traceability is

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved April 10, 2002. Published June 2002. Originally
published as B 747 – 85. Last previous edition B 747 – 96.

2 Annual Book of ASTM Standards, Vol 02.03.
3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.
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required, the purchaser shall specify the details desired.

NOTE 1—Due to the discontinuous nature of the processing of castings
into wrought products, it is not always practical to identify a specific
casting analysis with a specific quantity of finished material.

6.2 Manufacture:
6.2.1 The product shall be manufactured by such hotwork-

ing, cold-working, and annealing processes as to produce a
uniform wrought structure in the finished product.

6.2.2 The product shall be hot- or cold-worked to the
finished size and subsequently annealed, when required, to
meet the temper properties specified.

6.3 Edges:
6.3.1 Slit edges shall be furnished unless otherwise speci-

fied in the contract or purchase order.

7. Chemical Composition

7.1 The product shall conform to the chemical composition
prescribed in Table 1.

7.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer or supplier and the purchaser.

7.3 When all elements listed in Table 1 are analyzed, the
sum of results shall be 99.9 % minimum.

8. Temper

8.1 The tempers, as defined in Practice B 601, available
under this specification are as designated in Table 2.

9. Grain Size for Annealed Temper

9.1 Grain size for OS015 temper product shall be as given in
Table 2 when tested in accordance with Test Methods E 112.

10. Physical Property Requirements

10.1 Electrical Resistivity Requirements:
10.1.1 The product shall conform to the requirements of

Table 3 by temper when tested in accordance with Test Method
B 193.

11. Mechanical Property Requirements

11.1 Tensile Strength Requirements:
11.1.1 Tempers H01, H02, H03, H04, H06, and H08 shall

conform to the requirements prescribed in Table 2 when tested
in accordance with Test Methods E 8. Tensile strength shall be
the basis for acceptance or rejection of product in these
tempers.

12. Dimensions, Mass, and Permissible Variations

12.1 The following titled sections and tables in Specifica-
tion B 248 are a part of this specification:

12.1.1 Thickness.
12.1.2 Width—Slit metal and slit metal with rolled edges.
12.1.3 Square Sheared Metal; Sawed Metal.
12.1.4 Length:
12.1.4.1Length Tolerances for Specific and Stock Lengths

With and Without Ends.
12.1.4.2Schedule of Lengths (Specific and Stock) With

Ends.
12.1.4.3Length Tolerances for Square Sheared Metal.
12.1.4.4Length Tolerances for Sawed Metal.
12.1.5 Straightness:
12.1.5.1Slit Metal or Slit Metal Either Straightness or Edge

Rolled.
12.1.5.2Square Sheared Metal.
12.1.5.3Sawed Metal.
12.1.6 Edges:
12.1.6.1Square Edges.
12.1.6.2Rounded Corners.
12.1.6.3Rounded Edges.
12.1.6.4Full Rounded Edges.

13. Workmanship, Finish and Appearance

13.1 The material shall be free of defects, but blemishes of
a nature that do not interfere with normal commercial opera-
tions are acceptable. It shall be well-cleaned and free of dirt. A
superficial film or residual light lubricant is normally present
and is acceptable unless otherwise specified.

13.2 The surface finish and appearance shall be the normal
commercial quality for the alloy, thickness, and temper or-
dered. When application information is provided with purchase
order, the surface shall be that commercially producible for the
application. Superficial films of discoloration, or lubricants, or
tarnish inhibitors are permissible unless otherwise specified.

14. Sampling

14.1 Sampling—The lot size, portion size, and selection of

TABLE 1 Chemical Requirements

Element

Composition, %

Copper Alloy
UNS No. C15100

Copper (including Ag) 99.8 % min
Zirconium 0.05–0.15
Cu + sum of named elements 99.9 % min

TABLE 2 Tensile Strength and Grain Size Requirements

Temper DesignationA Tensile Strength, ksiB (MPa)C Grain Size,
mmD

Standard Former Min Max

OS015 annealed ... ... 0.030 max
H01 quarter hard 40 (275) 45 (310) ...
H02 half hard 43 (295) 51 (350) ...
H03 three-quarter

hard
47 (325) 56 (385) ...

H04 hard 53 (365) 62 (430) ...
H06 extra hard 59 (405) 65 (450) ...
H08 spring 64 (445) 71 (490) ...

A Standard designations defined in Practice B 601.
B ksi = 1000 psi.
C See Appendix X1.
D Although no minimum grain size is required, this material must be fully

recrystallized.

TABLE 3 Electrical Resistivity

Temper
Electrical Resistivity

at 20°C (68°F),
max, V·g/m2

Equivalent
Conductivity at 20°C

(68°F),
% IACS, min

Annealed (OS015) 0.16136 95
Rolled (H01, H02,

H03, H04, H06,
H08)

0.17031 90
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sample pieces shall be as follows:
14.1.1 Lot Size—40 000 lb (18 144 kg) or less material of

the same mill form, temper, and thickness, subject to inspection
at one time.

14.1.2 Portion Size—Sample pieces shall be selected from
eight individual pieces, and shall be taken so as to be
representative of those pieces. If the lot consists of less than
eight pieces, a sample shall be taken from each individual
piece.

14.2 Chenical Analysis:
14.2.1 The sample for chemical analysis shall be taken in

accordance with Practice E 255 for product in its final form
taken from the pieces selected in 14.1.2 and combined into one
composite sample. The minimum weight of the composite
sample shall be 150 g.

14.2.2 Instead of sampling as directed in 14.2.1, the manu-
facturer shall have the option of sampling at the time the
castings are poured or samples taken from the semifinished
product. If the manufacturer determines the chemical compo-
sition of the material during the course of manufacture, he shall
not be required to sample and analyze the finished product.

14.2.2.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken from each group of
castings poured from the same source of molten metal.

14.2.2.2 When samples are taken from semifinished prod-
uct, a sample shall be taken to represent each 10 000 lbs (5 000
kg) or fraction thereof, except that no more than one sample
shall be required per piece.

14.2.2.3 Only one sample need be taken from the semifin-
ished product of one cast bar from a single melt charge
continuously processed.

14.3 Samples for all Other Tests—Samples for all other tests
shall be taken from the sample portions selected in 14.1.2 and
be of an convenient size to accomodated the test and comply
with the requirements of the appropriate product specificatiion
and test method.

15. Number of Tests and Retests

15.1 Tests
15.1.1 Chemical Requirements:
15.1.2 When samples are taken at the time the castings are

poured, at least one sample shall be analyzed for each group of
castings poured simultaneously from the same source of
molten metal.

15.1.3 When samples are taken from the semifinished or
finished product, at least one sample representative of the
product of each cast bar from a single melt charge continuously
processed with heat identity maintained shall be analyzed.

15.2 Mechanical Properties and Grain Size—Unless other-
wise provided in the product specification, test specimens shall
be taken from two of the sample pieces selected in accordance
with 14.1.2. The required tests shall be made on each of the
specimens so selected.

15.3 Other Tests—For other tests, test specimens shall be
taken from four of the sample pieces selected in accordance
with 14.1.2. The required tests shall be made on each of the
specimens so selected.

15.4 Retests:
15.4.1 If the chemical analysis of the specimens prepared

from samples selected in accordance with 14.1.2 fails to
conform to the specified limits, analysis shall be made on a
new composite sample prepared from the pieces selected in
accordance with 14.1.2.

15.4.2 If one of the two tests made to determine any of the
mechanical or grain size requirementss fails to meet a specified
limit, this test shall be repeated on the remaining pieces,
maximum of two, selected in accordance with 14.1.2, and the
results of both of these tests shall comply with the specified
requirements.

15.4.3 If any test specimen shows defective machining or
develops flaws, it may be discarded and another specimen
substituted.

15.5 Chemical Analysis, shall be determined as the average
of at least two replicate determinations for each element
specified.

16. Specimen Preparation

16.1 In the grain size test, all specimens shall be prepared as
specified in Method E 3.

16.2 In the tension test, all strip less than3⁄4 in. wide shall be
pulled in full size when practicable. Machined test specimens
shall be as specified in Test Method E 8, Fig. 1 for sheet type
specimens.

16.3 Chemical Composition—The composite sample for
laboratory analysis shall, in case of disagreement, be prepared
in accordance with Practice E 255.

17. Test Methods

17.1 The properties and chemical compositions enumerated
in the specifications shall, in case of disagreement, be deter-
mined in accordance with the following ASTM test methods:

Test ASTM Designation

Chemical Analysis E 53, E 62, E 478
Tension E 8
Grain E 112
Electrical Resistivity B 193

18. Significance of Numerical Limits

18.1 For purposes of determining compliance with the
specified property limits for the properties listed in the follow-
ing table, an observed value of a calculated value shall be
rounded as indicated in accordance with the rounding method
of Practice E 29:

Property Rounded Unit for Observed
or Calculated Value

Chemical composition nearest unit in the last right-hand place
of figures of the specified limits.Hardness

Tensile strength nearest ksi (nearest 5 MPa)
Grain size:
Up to 0.055 mm, incl nearest multiple of 0.005 mm
Over 0.055 to 0.160 mm, incl nearest 0.01 mm
Elongation:
5 % and over nearest 1 %

19. Inspection

19.1 The manufacture shall inspect and make the test
necessary to verify that the product furnished conforms to the
requirements of this specification.

19.2 If, in addition, source inspection of the material by the
purchaser is agreed upon by the manufacturer and the pur-
chaser as part of the purchase contract, the nature of the

B 747
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facilities needed to satisfy the inspector representing the
purchaser that the product is being furnished in accordance
with this specification shall be included in the agreement. All
tests and the inspection shall be conducted so as not to interfere
unnecessarily with the operation of the works.

19.3 The manufacturer and the purchaser, by mutual agree-
ment, may accomplish the final inspection simultaneously.

20. Rejection and Rehearing

20.1 Rejection:
20.1.1 Product that fails to conform to the specified require-

ments when inspected or tested by the purchaser or his agent
may be rejected.

20.1.2 Rejection should be reported to the manufacturer or
supplier promptly and in writing.

20.1.3 In case of dissatisfaction with the results of the test,
the manufacturer or supplier may make claim for a rehearing.

20.2 Rehearing—A a result of product rejection, the manu-
facturer or supplier may make a claim for a retest to be
conducted by the manufacturer or supplier and the purchaser.
Samples of the rejected product shall be taken in accordance
with this product specification and subjected to test by both
parties using the test methods (s) specified in this product

specification, or alternatively, upon agreement of both parties,
an independent laboratory may be selected for the test(s) using
the test methods(s) specified in this product specification.

21. Certification

21.1 When specified in the purchase order or contract, the
purchaser shall be furnished certifications that samples repre-
sentimg each lot have been tested or inspected as directed in
this specification and the requirements have been met.

22. Test Report

22.1 When specified in the purchase order or contract, a
report of the test results shall be furnished.

23. Packing, Marking, Shipping, and Preservation

23.1 Packaging—The product shall be separated by size,
composition, and temper, and prepared for shipment in such a
manner as to ensure acceptance by common carrier for
transportation and to afford protection from the normal hazads
of transportation.

24. Keywords

24.1 copper-zirconium; sheet and strip

SUPPLEMENTARY REQUIREMENTS

An extensive five-year review was conducted. Most sections were revised in order to conform to
Society requirements and to improve clarity of product requirements.

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 747 – 96)
that may impact the use of this standard.

(1) Added many sections to this specification to meet current
outline of form.

(2) Table 1 was changed to match CDA chemical composition.

B 747
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
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Designation: B 754 – 89 (Reapproved 1999) e1

Standard Test Method for
Measuring and Recording the Deviations from Flatness in
Copper and Copper Alloy Strip 1

This standard is issued under the fixed designation B 754; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Editorial changes were made throughout this standard in March 2000.

1. Scope *

1.1 This test method describes a procedure for the measure-
ment of distortions in thin metal strip and the application of
these measurements to an equation that will indicate the
deviation from flatness.

1.2 The distortions to be measured in this test method are
dish, wavy edges, buckle, longitudinal corrugation, and her-
ringbone.

1.3 This test method is not intended to include the measure-
ment of coil set or longitudinal curl, camber or edgewise
curvature, or twist.

1.4 This test method is limited to metal strip 0.003 to 0.020
in. (0.08 to 0.50 mm) thick and not more than 6.0 in. (150.0
mm) wide.

1.5 The values stated in inch-pound units are the standard.
The values given in parentheses are for information only.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Terminology

2.1 Definitions of Terms Specific to This Standard:
2.1.1 buckle (center bulge or oil can)—alternate bulges and

hollows recurring along the length of a strip with the edges
remaining relatively flat.

2.1.2 dish (cross or transverse bow)—the departure from
flatness across the full width of the strip in the form of a single
arc, excluding burrs.

2.1.3 herringbone—a series of long continuous waves run-
ning at various angles to the rolling direction.

2.1.4 longitudinal corrugation—a condition similar to dish
except that the sense of curvature changes sign at least once
across the width of the strip.

2.1.5 wavy edges (waves—edge wave)—a continuous pat-
tern of waves or wrinkles along the edges of the strip, with a
relatively flat center portion.

3. Significance and Use

3.1 This test method is intended for measuring distortion in
strip used for making close tolerance parts. Since distortion in
this strip would influence the shape of the part being produced
and cause difficulties in feeding through close-fitting dies and
other manufacturing equipment, it is important that this mate-
rial be flat.

3.2 This test method provides a universal procedure for
measuring the irregularities that cause the deviation from
flatness.

3.3 This test method allows the purchaser and manufacturer
to inspect strip with a standard technique to a mutually agreed
upon and acceptable percentage deviation from flatness.

4. Apparatus

4.1 Surface Plate, to be used as a reference flat. It must have
a large enough surface area to accommodate the maximum size
test specimen. It shall be flat within 0.0002 in. (0.005 mm) per
1 in. (25 mm).

4.2 Micrometer, for measuring metal thickness. It shall be
graduated in 0.0001-in. (0.0025-mm) increments.

4.3 Height Gage, for measuring the height of irregularities.
The arm of this gage must be long enough to extend beyond the
center of the widest strip to be measured. It shall be graduated
in 0.001-in. (0.025-mm) increments.2

4.4 Steel Rule, for measuring the lengths of the irregulari-
ties. It shall be graduated in 0.02-in. (0.50-mm) increments.

5. Test Specimens

5.1 The test specimen shall be the full-finished slit width of
the strip and cut long enough so that measurement will not be
influenced by the distortions referred to in 1.3.

5.2 When cutting specimens, caution must be taken to
prevent additional distortion.

1 This test method is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.06 on
Methods of Test.

Current edition approved June 30, 1989. Published August 1989. Originally
published as B 754 – 86. Last previous edition B 754 – 89 (1994)e1.

2 An electronic touch sensitive system, which will not distort the sample, has
been found to be acceptable.

1

*A Summary of Changes section appears at the end of this standard.
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6. Procedure
6.1 Measure the thickness of the specimen at six locations,

near each corner and at midwidth at each end, to the nearest
0.001 in. (0.03 mm) using the micrometer. The average of these
six readings will be used asT.

6.2 Place the test strip unrestrained on the surface plate. If
the specimen is not flat, compare the irregularities observed
with the illustrations shown in Figs. 1-5 to determine the type
of distortion and how it should be measured.

6.3 Using the height gage, measure the highest pointH of
each of the irregularities to the nearest 0.001 in. (0.03 mm). See
Figs. 1-6.

6.4 Using the steel rule, measure the lengthL between the
points where the outer radii of the most significant irregularity
touches the surface plate, to the nearest 0.02 in. (0.50 mm). See
Figs. 1-7.

6.5 Repeat this procedure as often as necessary to satisfy
quality level requirements, recording each measurement.

7. Calculation or Interpretation of Results
7.1 Apply the values forT, H, and L obtained for each

irregularity to the following equation to determine the percent-
age of deviation from flat.

Deviation from flat, %5
H 2 T

L 3 100 (1)

Compare the results to the agreed upon limits. The larger the
percentage, the greater the deviation from flat.

8. Report

8.1 The nominal thickness, width, temper, alloy number,
and form of product should be reported.

8.2 The number and type of distortions measured and the
thickness, height, length, and percent deviation from flatness
for each should be reported.

9. Precision and Bias

9.1 The precision of this test method is dependent upon the
sensitivity of the measuring apparatus.

9.2 This test method has no bias because the values of
deviation from flatness are direct measurements based on the
accuracy of the test apparatus and the observations of the
inspector.

10. Keywords

10.1 flatness measurement; strip flatness

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue of B 754 - 89
(Reapproved 1994)e1 that may impact the use of this standard.

(1) No technical changes have been made to this standard.
Incidental wording changes have been inserted to comply with
the new Outline of Form.

FIG. 1 Dish
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FIG. 2 Wavy Edges

NOTE 1—For illustration only. Section to show measuring.
FIG. 3 Buckle

FIG. 4 Longitudinal Corrugation

B 754 – 89 (1999)e1
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FIG. 5 Herringbone

FIG. 6 Measuring Height of Irregularity With Height Gage

FIG. 7 Measuring Length of Irregularity With Steel Rule

B 754 – 89 (1999)e1
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 763 – 98

Standard Specification for
Copper Alloy Sand Castings for Valve Application 1

This standard is issued under the fixed designation B 763; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes requirements for copper
alloy sand castings for valve applications. Nominal composi-
tions of the alloys defined by this specification are shown in
Table 1.2

NOTE 1—This specification does not cover Copper Alloy UNS Nos.
C83600, C92200, C96200, and C96400. These alloys are also used in
valve applications. They are covered by the following specifications:

C83600, B 62
C92200, B 61
C96200, B 369
C96400, B 369

1.2 The castings produced under this specification are used
in products which may be manufactured in advance and
supplied for sale from stock by the manufacturer.

1.3 The values stated in inch-pound units are to be regarded
as the standard. SI values given in parentheses are for infor-
mation only.

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standards form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:
B 61 Specification for Steam or Valve Bronze Castings3

B 62 Specification for Composition Bronze or Ounce Metal
Castings3

B 208 Practice for Preparing Tension Test Specimens for
Copper-Base Alloys for Sand, Permanent Mold, Centrifu-
gal, and Continuous Castings3

B 369 Specification for Copper-Nickel Alloy Castings3

B 824 Specification for General Requirements for Copper
Alloy Castings3

E 10 Test Method for Brinell Hardness of Metallic Materi-
als4

E 527 Practice for Numbering Metals and Alloys (UNS)5

3. General Requirements

3.1 The following sections of Specification B 824 form a
part of this specification.

3.1.1 Terminology (Section 3),
3.1.2 Other Requirements (Section 6),
3.1.3 Dimensions, Mass, and Permissible Variations (Sec-

tion 7),
3.1.4 Workmanship, Finish, and Appearance (Section 8),
3.1.5 Sampling (Section 9),
3.1.6 Number of Tests and Retests (Section 10),
3.1.7 Specimen Preparation (Section 11),
3.1.8 Test Methods (Section 12),
3.1.9 Significance of Numerical Limits (Section 13),
3.1.10 Inspection (Section 14),
3.1.11 Rejection and Rehearing (Section 15),
3.1.12 Certification (Section 16),
3.1.13 Test Report (Section 17),
3.1.14 Product Marking (Section 18),
3.1.15 Packaging and Package Marking (Section 19),
3.1.16 Supplementary Requirements.

4. Ordering Information

4.1 Orders for castings under this specification should
include the following information:

4.1.1 Specification title, number, and year of issue,
4.1.2 Quantity of castings,
4.1.3 Copper Alloy UNS Number and temper (as-cast,

heat-treated, etc.),
4.1.4 Pattern or drawing number and condition (as-cast,

machined, etc.),
4.1.5 When castings are purchased for agencies of the U.S.

Government, the Supplementary Requirements of Specifica-
tion B 824 may be specified.

4.2 The following requirements are optional and should be
specified in the purchase order when required.

1 This specification is under the jurisdiction of ASTM Committee B-5 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.05 on
Castings and Ingots for Remelting.

Current edition approved May 10, 1998. Published January 1999. Originally
published as B 763 – 86. Last previous edition B 763 – 96.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00”. The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards,Vol 02.01.

4 Annual Book of ASTM Standards,Vol 03.01.
5 Annual Book of ASTM Standards,Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.
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4.2.1 Chemical analysis of residual elements (6.3),
4.2.2 Pressure test or soundness requirements (Specification

B 824),
4.2.3 Approval of weld repair and records of repair (Section

9),
4.2.4 Certification (Specification B 824),
4.2.5 Foundry test report (Specification B 824),
4.2.6 Witness inspection (Specification B 824),
4.2.7 Product marking (Specification B 824),
4.2.8 Castings for seawater service (5.1).

5. Materials and Manufacture

5.1 For better corrosion resistance in sea water applications,
castings in Copper Alloy UNS No. C95800 shall be given a
temper anneal heat treatment at 12506 50°F (6756 10°C) for
6-h minimum. Cooling shall be by the fastest means possible
that will not cause excessive distortion or cracking.

5.2 Copper Alloy UNS Nos. C94700, C95300, C95400,
C95410, and C95500 may be supplied in the heat-treated
condition to obtain the higher mechanical properties shown in
Table 4. Suggested heat treatments for these alloys and copper
alloy UNS No. C95520 are given in Table 5. Actual practice

may vary by manufacturer.

5.3 Separately cast test bar coupons representing castings
made in Copper Alloy UNS Nos. C94700HT, C95300HT,
C95400HT, C95410HT, and C95500HT shall be heat treated
with the castings.

6. Chemical Composition

6.1 The castings shall conform to the requirements for
major elements shown in Table 2.

6.2 These specification limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements agreed upon between the
manufacturer or supplier and the purchaser. Copper or zinc
may be given as remainder and may be taken as the difference
between the sum of all elements analyzed and 100 %. When all
named elements in Table 2 are analyzed, their sum shall be as
specified in Table 3.

6.3 It is recognized that residual elements may be present in
cast copper-base alloys. Analysis shall be made for residual
elements only when specified in the purchase order.

TABLE 1 Nominal Compositions

Classification Copper Alloy UNS No. Commercial Designation Copper Tin Lead Zinc Nickel Iron
Alumi-

num
Man-

ganese
Sili-
con

Bismuth

Leaded red brass C83450 88 21⁄2 2 61⁄2 1 . . . . . . . . . . . . . . .
C83800 83-4-6-7 or commercial red brass 83 4 6 7 . . . . . . . . . . . . . . . . . .

Leaded semi-red brass C84400 81-3-7-9 or valve composition 81 3 7 9 . . . . . . . . . . . . . . . . . .
C84800 76-21⁄2-61⁄2-15, or semi-red brass 76 21⁄2 61⁄2 15 . . . . . . . . . . . . . . . . . .

Leaded yellow brass C85200 high-copper yellow brass 72 1 3 24 . . . . . . . . . . . . . . . . . .
C85400 commercial No. 1 yellow brass 67 1 3 29 . . . . . . . . . . . . . . . . . .
C85700 leaded naval brass 61 1 1 37 . . . . . . . . . . . . . . . . . .

High-strength yellow brass C86200 high-strength manganese bronze 63 . . . . . . 27 . . . 3 4 3 . . . . . .
C86300 high-strength manganese bronze 61 . . . . . . 27 . . . 3 6 3 . . . . . .
C86400 leaded manganese bronze 58 1 1 38 . . . 1 1⁄2 1⁄2 . . . . . .
C86500 No. 1 manganese bronze 58 . . . . . . 39 . . . 1 1 1 . . . . . .
C86700 leaded manganese bronze 58 1 1 34 . . . 2 2 2 . . . . . .

Silicon bronze and silicon C87300 silicon bronze 95 . . . . . . . . . . . . . . . . . . 1 4 . . .
brass C87400 silicon brass 82 . . . 1⁄2 14 . . . . . . . . . . . . 31⁄2 . . .

C87500 silicon brass 82 . . . . . . 14 . . . . . . . . . . . . 4 . . .
C87600 silicon bronze 89 . . . . . . 6 . . . . . . . . . . . . 5 . . .
C87610 silicon bronze 92 . . . . . . 4 . . . . . . . . . . . . 4 . . .

Bismuth semi-red brass C89844 bismuth brass 841⁄2 4 . . . 8 . . . . . . . . . . . . . . . 3
Tin bronze and leaded tin C90300 88-8-0-4, or modified “G” bronze 88 8 . . . 4 . . . . . . . . . . . . . . . . . .

bronze
C90500 88-10-0-2, on “G” bronze 88 10 . . . 2 . . . . . . . . . . . . . . . . . .
C92300 87-8-1-4, or Navy PC 87 8 1 4 . . . . . . . . . . . . . . . . . .
C92600 87-10-1-2 87 10 1 2 . . . . . . . . . . . . . . . . . .

High-lead tin bronze C93200 83-7-7-3 83 7 7 3 . . . . . . . . . . . . . . . . . .
C93500 85-5-9-1 85 5 9 1 . . . . . . . . . . . . . . . . . .
C93700 80-10-10 80 10 10 . . . . . . . . . . . . . . . . . . . . .
C93800 78-7-15 78 7 15 . . . . . . . . . . . . . . . . . . . . .
C94300 71-5-24 71 5 24 . . . . . . . . . . . . . . . . . . . . .

Nickel-tin bronze and C94700 nickel-tin bronze grade “A” 88 5 . . . 2 5 . . . . . . . . . . . . . . .
leaded nickel-tin bronze C94800 leaded nickel-tin bronze grade “B” 87 5 1 2 5 . . . . . . . . . . . . . . .

C94900 leaded nickel-tin bronze grade “C” 80 5 5 5 5 . . . . . . . . . . . . . . .
Aluminum bronze C95200 Grade A 88 . . . . . . . . . . . . 3 9 . . . . . . . . .

C95300 Grade B 89 . . . . . . . . . . . . 1 10 . . . . . . . . .
C95400 Grade C 85 . . . . . . . . . . . . 4 11 . . . . . . . . .
C95410 84 . . . . . . . . . 2 4 10 . . . . . . . . .

Silicon aluminum bronze C95600 Grade E 91 . . . . . . . . . . . . . . . 7 . . . 2 . . .
Nickel aluminum bronze C95500 Grade D 81 . . . . . . . . . 4 4 11 . . . . . . . . .

C95800 81.3 . . . . . . . . . 4.5 4 9 1.2 . . . . . .
Leaded nickel bronze C97300 12 % leaded nickel silver 57 2 9 20 12 . . . . . . . . . . . . . . .

C97600 20 % leaded nickel silver 64 4 4 8 20 . . . . . . . . . . . . . . .
C97800 25 % leaded nickel silver 66 5 2 2 25 . . . . . . . . . . . . . . .

Special alloys C99400 87 . . . . . . 4.4 3.0 3.0 1.6 . . . 1.0 . . .
C99500 87 . . . . . . 1.5 4.5 4.0 1.7 . . . 1.3 . . .
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7. Mechanical Properties

7.1 Mechanical properties shall be determined from sepa-
rately cast test bars, and shall meet the requirements shown in
Table 4.

8. Sampling

8.1 Copper Alloy UNS Nos. C86200, C86300, C86400,
C86500, C86700, C95200, C95300, C95400, C95410,

C95500, C95600, C95800, C99400, and C99500 test bar
castings shall be cast to the form and dimensions shown in
Figs. 1 or 2 of Practice B 208. For all other alloys listed in this
specification test bars shall be cast to the form and dimensions
shown in Figs. 2, 3 or 4 of Practice B 208.

9. Test Methods

9.1 Analytical chemical methods are given in Specification
B 824 (Section 12).

9.2 Brinell hardness readings, if specified on the purchase
order, shall be taken in the grip end of the tension test bar and
shall be made in accordance with Test Method E 10, with the
exception that a 3000-kg load shall be used.

10. Casting Repair

10.1 Copper Alloy UNS Nos. C95200, C95300, C95400,
C95410, C95500, C95600, and C95800 included in this speci-
fication are generally weldable. Weld repairs may be made at
the manufacturer’s discretion provided each excavation does
not exceed 20 % of the casting section or wall thickness or 4 %
of the casting surface area.

10.2 Excavations that exceed those described in 10.1 may
be made at the manufacturer’s discretion except that when
specified in the purchase order (4.1.8) the weld procedure shall
be approved by the purchaser and the following records shall
be maintained:

10.2.1 A sketch or drawing showing the dimensions, depth,
and location of excavations,

10.2.2 Post-weld heat treatment, when applicable,
10.2.3 Weld repair inspection results,
10.2.4 Casting identification number,
10.2.5 Weld procedure identification number,
10.2.6 Welder identification, and
10.2.7 Name of inspector.
10.3 The casting shall not be impregnated without approval

of the purchaser.
10.4 The castings shall not be plugged.
10.5 Other Copper Alloy UNS Numbers in this specification

are not weldable.

11. Keywords

11.1 copper alloy castings; copper-base alloy castings; valve
castings

TABLE 3 Sum of all Known Elements Analyzed

Copper Alloy UNS No. Copper Plus Known Elements, % min

C83450 99.3
C83800 99.3
C84400 99.3
C84800 99.3
C85200 99.1
C85400 98.9
C85700 98.7
C86200 99.0
C86300 99.0
C86400 99.0
C86500 99.0
C86700 99.0
C87300 99.5
C87400 99.2
C87500 99.5
C87600 99.5
C87610 99.5
C89844 99.3
C90300 99.4
C90500 99.7
C92300 99.3
C92600 99.3
C93200 99.2
C93500 99.4
C93700 99.0
C93800 98.9
C94300 99.0
C94700 99.3
C94800 99.3
C94900 99.2
C95200 99.0
C95300 99.0
C95400 99.5
C95410 99.5
C95500 99.5
C95600 99.0
C95800 99.5
C97300 99.0
C97600 99.7
C97800 99.6
C99400 99.7
C99500 99.7
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TABLE 4 Mechanical Requirements

Copper Alloy
UNS No.

Tensile Strength, min Yield Strength,A min Elongation in 2 in. or
50 mm, min, %

Brinell Hardness
No.B (3000-kg

Load), minksiC MPaD ksiC MPaD

C83450 30 207 14 97 25 . . .
C83800 30 207 13 90 20 . . .
C84400 29 200 13 90 18 . . .
C84800 28 193 12 83 16 . . .
C85200 35 241 12 83 25 . . .
C85400 30 207 11 76 20 . . .
C85700 40 276 14 97 15 . . .
C86200 90 621 45 310 18 . . .
C86300 110 758 60 414 12 . . .
C86400 60 414 20 138 15 . . .
C86500 65 448 25 172 20 . . .
C86700 80 552 32 221 15 . . .
C87300 45 310 18 124 20 . . .
C87400 50 345 21 145 18 . . .
C87500 60 414 24 165 16 . . .
C87600 60 414 30 207 16 . . .
C87610 45 310 18 124 20 . . .
C89844 28 193 13 90 15 . . .
C90300 40 276 18 124 20 . . .
C90500 40 276 18 124 20 . . .
C92300 36 248 16 110 18 . . .
C92600 40 276 18 124 20 . . .
C93200 30 207 14 97 15 . . .
C93500 28 193 12 83 15 . . .
C93700 30 207 12 83 15 . . .
C93800 26 179 14 97 12 . . .
C94300 24 165 . . . . . . 10 . . .
C94700 45 310 20 138 25 . . .
C94700(HT) 75 517 50 345 5 . . .
C94800 40 276 20 138 20 . . .
C94900 38 262 15 103 15 . . .
C95200 65 450 25 170 20 110
C95300 65 450 25 170 20 110
C95300(HT) 80 550 40 275 12 160
C95400 75 515 30 205 12 150
C95400(HT) 90 620 45 310 6 190
C95410 75 515 30 205 12 150
C95410(HT) 90 620 45 310 6 190
C95500 90 620 40 275 6 190
C95500(HT) 110 760 60 415 5 200
C95600 60 415 28 195 10 . . .
C95800E 85 585 35 240 15 . . .
C97300 30 207 15 103 8 . . .
C97600 40 276 17 117 10 . . .
C97800 50 345 22 152 10 . . .
C99400 60 414 30 207 20 . . .
C99500 70 483 40 276 12 . . .

A Yield strength shall be determined as the stress producing an elongation under load of 0.5 %, that is 0.01 in. (0.254 mm) in a gage length of 2 in. (50.8 mm).
B For information only.
C ksi 5 1000 psi.
D See appendix.
E As cast or temper annealed.
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N5 kg · m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi5 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa) which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B-5 has identified the location of selected changes to this standard since the last issue (B 763 – 96)
that may impact the use of this standard.

(1) Added Alloy C89844, bismuth semi-red brass, to Table 1,
Table 2, Table 3, and Table 4.

(2) Added “Bismuth” column to Table 1.
(3) Added “Bismuth” and “Lead” columns to Table 2.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).

TABLE 5 Suggested Heat Treatments Copper Alloy

Copper Alloy
UNS No.

Solution Treatment
(not less than 1 h followed

by water quench), °F (°C)

Annealing Treatment
(not less than 2 h followed by

air cool), °F (°C)

C95300 1585–1635 1150–1225
(860–890) (620–660)

C95400
C95410 1600–1675 1150–1225
C95500 (870–910) (620–660)

Solution Treatment (not
less than 2 h followed
by water quench)

Precipitation Hardening
(5 h)

C94700 1425–1475 580–620
(775–800) (305–325)
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Designation: B 768 – 99 (Reapproved 2004)

Standard Specification for
Copper-Cobalt-Beryllium Alloy and Copper-Nickel-Beryllium
Alloy Strip and Sheet 1

This standard is issued under the fixed designation B 768; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes the requirements for
copper-cobalt-beryllium and copper-nickel-beryllium strip and
sheet. The following alloys are covered:

Nominal Composition, %
Copper Alloy UNS No.2 Beryllium Cobalt Nickel

C17410 0.3 0.5 . . .
C17450 0.3 . . . 0.8
C17460 0.3 . . . 1.2

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following safety hazard caveat pertains only to the
test methods described in this specification:

1.3.1 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:3

B 194 Specification for Copper-Beryllium Alloy Plate,
Sheet, Strip and Rolled Bar

B 248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast

B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials
E 255 Practice for Sampling Copper and Copper Alloys for

Determination of Chemical Composition
E 527 Practice for Numbering Metals and Alloys (UNS)

3. Terminology

3.1 For terms related to copper and copper alloys, refer to
Terminology B 846.

4. General Requirements

4.1 The following sections of Specification B 248 consti-
tutes a part of this specification

4.1.1 Terminology.
4.1.2 Materials and Manufacture.
4.1.3 Workmanship, Finish, and Appearance.
4.1.4 Sampling.
4.1.5 Number of Tests and Retests.
4.1.6 Specimen Preparation.
4.1.7 Test Methods.
4.1.8 Significance of Numerical Limits.
4.1.9 Inspection.
4.1.10 Rejection and Rehearing.
4.1.11 Certification.
4.1.12 Test Report.
4.1.13 Packaging and Marking.
4.1.14 Supplementary Requirements.
4.2 In addition, when a section with a title identical to that

referenced in 5.1 appears in this specification, it contains
additional requirements which supplement those appearing in
Specification B 248.

5. Ordering Information

5.1 Orders for material under this specification should
include the following information:

5.1.1 Quantity,
5.1.2 Copper alloy UNS numbers (1.1),
5.1.3 Form of material: strip or sheet,
5.1.4 Temper (Section 8),
5.1.5 Tension test, if required (Section 9),

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1987. Last previous edition approved in 1999 as B 768 – 99.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



5.1.6 Dimensions: thickness and width, and length as appli-
cable (Section 11),

5.1.7 How furnished: rolls, stock lengths with or without
ends, specific lengths with or without ends (Section 11),

5.1.8 Type of edge, if required: slit, sheared, sawed, square
corners, rounded corners, rounded edges, or full rounded edges
(see 11.6),

5.1.9 Special thickness tolerances, if required (Section 11),
5.1.10 Specification number and year of issue,
5.1.11 Hardness test, if required,
5.1.12 Special marking or packaging, if required,
5.1.13 Mill test report, if required,
5.1.14 Special tests or exceptions, if any, and
5.1.15 Certification, if required.
5.2 When material is purchased for agencies of the U.S.

Government, this shall be specified in the contract or purchase
order, and the material shall conform to the Supplementary
Requirements as defined in the current issue of Specification
B 248.

6. Materials and Manufacture

6.1 Materials—The material of manufacture shall be cast
billets or slabs of one of the alloys cited in Section 1 of this
specification. The cast material shall be of such soundness and
purity as to be suitable to product the product as described in
6.2.

6.2 Manufacture:
6.2.1 The product shall be manufactured by such hot work-

ing, cold working, and annealing processes as to produce a
uniform wrought structure in the finished product.

6.2.2 The product shall be rolled to finish size and heat
treated when required to meet the temper properties.

7. Chemical Composition

7.1 The material shall conform to the requirements specified
in Table 1.

7.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements may be established by agree-
ment between the manufacturer or supplier and the purchaser.

7.3 For copper alloys in which copper is given as remainder,
copper may be taken as the difference between the sum of all
the elements analyzed and 100 %. When all the elements in the
table are analyzed, their sum shall be 99.5 % minimum.

8. Temper

8.1 The product is offered in the following tempers in
accordance with Classification B 601.

8.1.1 Copper Alloy UNS No. C17410 Strip and Sheet is
offered in the TH02 (1⁄2 HT) and TH04 (HT) tempers.

8.1.2 Copper Alloy UNS No. C17450 Strip and Sheet is
offered in TH02 (1⁄2 HT) Temper.

8.1.3 Copper Alloy UNS No. C17460 Strip and Sheet is
offered in the TH03 (3⁄4 HT) and TH04 (HT) tempers.

9. Physical Properties

9.1 Electrical Conductivity—The electrical conductivity of
the product shall conform to the applicable requirement given
in Table 2.

10. Mechanical Properties

10.1 Tensile Requirements:
10.1.1 Tension tests are required for material under 0.075 in.

(1.905 mm) in thickness and shall conform to the mechanical
properties in Table 3.

10.1.2 Tension test specimens shall be taken so that their
longitudinal axis is parallel to the direction of rolling.

10.2 Rockwell Hardness—Rockwell hardness measure-
ments are required for material 0.075 in. (1.905 mm) and over
and shall conform to the Rockwell Hardness number in Table
3.

11. Dimensions and Permissible Variations

11.1 The dimensions and tolerances for material covered by
this specification shall be in accordance with the current edition
of Specification B 248, with particular reference to Section 5
and the following tables of that specification:

11.2 Thickness—See 5.2.2, Table 2, and for special toler-
ances, Table 3.

11.3 Width:
11.3.1 Slit Metal and Slit Metal With Rolled Edges—See

5.3.1 and Table 4.
11.4 Length:
11.4.1 Specific and Stock Lengths With and Without Ends—

See 5.4.1.
11.4.2 Schedule of Lengths (Specific and Stock) With

Ends—See 5.4.2 and Table 8.
11.5 Straightness:
11.5.1 Slit Metal or Edge-Rolled Metal—See 5.5.1 and

Table 11.
11.6 Edges—See 5.6.
11.6.1 Square Edges—See 5.6.1 and Table 15.
11.6.2 Rounded Corners—See 5.6.2 and Table 16.
11.6.3 Rounded Edges—See 5.6.3 and Table 17.
11.6.4 Full-Rounded Edges—See 5.6.4 and Table 18.

TABLE 1 Chemical Requirements

Element

Composition, %

Copper Alloy UNS Number

C17410 C17450 C17460

Beryllium 0.15–0.50 0.15–0.50 0.15–0.50
Cobalt 0.35–0.6
Nickel 0.50–1.0 1.0–1.4
Iron, max 0.20 0.20 0.20
Zirconium, max 0.50 0.50
Tin, max 0.25 0.25
Silicon, max 0.20 0.20 0.20
Aluminum, max 0.20 0.20 0.20
Copper + sum of

named elements
99.5 % min 99.5 % min 99.5 % min

TABLE 2 Electrical Conductivity

Copper Alloy UNS No. Temper Percent IACS, min

C17410 TH02, TH04 45
C17450 TH02 50
C17460 TH03, TH04 50

B 768 – 99 (2004)
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12. Workmanship, Finish and Appearance

12.1 The product shall be free of defects, but blemishes of
a nature that do not interfere with the intended application are
acceptable.

13. Sampling

13.1 Sampling—The heat, lot, portion size, and selection of
samples should be as follows:

13.1.1 Heat—A heat shall be the result of castings poured
simultaneously from the same source of molten metal.

13.1.2 Lot Size—The lot size shall be a heat or fraction
thereof.

13.1.3 Portion Size—Sample pieces for physical and me-
chanical testing shall be taken from each lot. Sample pieces for
chemistry shall be in accordance with A7.1.2.1 of Specification
B 248.

14. Number of Tests and Retests

14.1 The number of tests and retests shall be in accordance
with Section 8 of Specification B 248.

15. Specimen Preparation

15.1 Chemical Analysis—Sample preparation shall be in
accordance with Practice E 255.

15.2 Tension Tests—Sample preparation shall be in accor-
dance with Test Methods E 8.

15.3 Rockwell Hardness—The test specimens shall be of a
size and shape to permit testing by the available test equipment

and shall be taken to permit testing in a plane parallel to the
direction of deformation given to the product.

15.3.1 The surface of the test specimens shall be sufficiently
smooth and even to permit the accurate determination of
hardness.

15.3.2 The specimen shall be free of scale and foreign
matter and care shall be taken to avoid any change in condition,
that is, heating or cold working.

16. Test Methods

16.1 The test methods for determining the mechanical and
physical properties are detailed in Specification B 248.

16.2 The test method for determining chemical analysis for
compliance and preparation to certifications and test reports
shall be at the discretion of the reporting laboratory.

16.2.1 In case of dispute, the test method in the Annex of
Specification B 194 shall be used for determining chemical
requirements in Table 1.

16.3 When analysis for unnamed or residual elements is
required in the purchase order, the method of analysis shall be
mutually agreed upon between the manufacturer or supplier
and the purchaser.

17. Keywords

17.1 beryllium copper strip; copper UNS number C17410;
copper UNS number C17450; copper UNS number C17460

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this specification since the last issue
(B 768 – 94).

(1) This specification received an editorial five-year update.
Rewording and additions were made in accordance with the
new “Outline of Form.”

(2) Alloys C17450 and C17460 were added.

(3) Title was changed to incorporate C17450 and C17460.

TABLE 3 Mechanical Property Requirements for Strip and Sheet Precipitation Heat Treated

Copper Alloy
UNS No.

Temper Designation Tensile Strength, ksi
(MPA)

Yield Strength, ksi (MPA),
0.2 % offset

Elongation, 2 in. (50
mm), %

Rockwell Hardness

Standard Former B 30T

C17410 TH02 1⁄2 HT 95-115 80-100 10-20 89-98 76-81
(655-790) (550-690)

TH04 HT 110-130 100-120 7-17 95-100 79-86
(760-895) (690-830)

C17450 TH02 1⁄2 HT 95-115 80-100 12 min 88-99 75-82
(655-790) (550-690)

C17460 TH03 3⁄4 HT 115-135 95-115 11 min 98-105 81-88
(790-930) (655-790)

TH04 HT 120-140 105-125 10 min 99-106 82-89
(825-965) (720-860)

B 768 – 99 (2004)
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 770 – 02

Standard Specification for
Copper-Beryllium Alloy Sand Castings for General
Applications 1

This standard is issued under the fixed designation B 770; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes requirements for copper-
beryllium alloy sand castings for general applications and
nominal compositions alloys defined by this specification are
shown in Table 1.2

1.2 Units—The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units, which are provided for
information only.

1.3 The following safety hazard caveat pertains only to the
test methods described in this specification.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standards form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:
B 30 Specification for Copper-Base Alloys in Ingot Form3

B 208 Practice for Preparing Tension Test Specimens for
Copper-Base Alloys for Sand, Permanent Mold, Centrifu-
gal and Continuous Castings3

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast3

B 824 Specification for General Requirements for Copper
Alloy Castings3

B 846 Terminology for Copper and Copper Alloys3

E 527 Practice for Numbering Metals and Alloys (UNS)4

3. General Requirements

3.1 The following sections of Specification B 824 constitute
a part of this specification:

3.1.1 Terminology,
3.1.2 Material and Manufacture,
3.1.3 Chemical Composition,
3.1.4 Dimensions and Permissible Variations,
3.1.5 Workmanship, Finish and Appearance,
3.1.6 Sampling,
3.1.7 Number of Tests and Retests,
3.1.8 Specimen Preparation,
3.1.9 Test Methods,
3.1.10 Significance of of Numerical Limits,
3.1.11 Inspection,
3.1.12 Rejection and Rehearing,
3.1.13 Certification,
3.1.14 Mill Test Report, and
3.1.15 Packaging and Package Marking.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements which supplement those appearing in
Specification B 824.

4. Terminology

4.1 For definitions of terms relating to copper and copper
alloys, refer to Terminology B 846.

5. Ordering Information

5.1 Include the following information for orders for prod-
uct:

5.1.1 ASTM designation number, title, and year of issue,
5.1.2 Copper Alloy UNS Number designation,
5.1.3 Temper,
5.1.4 Quantity of castings required,
5.1.5 Pattern or drawing number, and condition (cast, ma-

chined, and so forth),
5.1.6 When material is purchased for agencies of the U.S.

government, the Supplementary Requirements of Specification

1 This practice is under the jurisdiction of ASTM Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.05 on Castings
and Ingots for Remelting.

Current edition approved April 10, 2002. Published June 2002. Originally
published as B 770 – 87. Last previous edition B 770 – 96.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00”. The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



B 824 may be specified.
5.2 The following options are available and should be

specified in the contract or purchase order when required.
5.2.1 Chemical analysis of residual elements, if specified in

the purchase order (Specification B 824),
5.2.2 Mechanical requirements, if specified in the purchase

order (Section 10),
5.2.3 Pressure test requirements, if specified in the purchase

order (Specification B 824),
5.2.4 Soundness requirements, if specified in the purchase

order (Specification B 824),
5.2.5 Repair of castings (Section 12),
5.2.6 Certification, if specified in the purchase order (Speci-

fication B 824),
5.2.7 Foundry test report, if specified in the purchase order

(Specification B 824),
5.2.8 Witness inspection, if specified in the purchase order

(Specification B 824), and
5.2.9 Product marking, if specified in the purchase order

(Specification B 824).

6. Materials and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be castings of the

copper alloys listed in Table 1, as specified in the purchase
order or contract, and of such purity and soundness as to be
suitable for the products prescribed herein.

6.2 Manufacture:
6.2.1 The product shall be manufactured by casting and

thermal treatment to meet the properties specified.

7. Chemical Composition

7.1 The castings shall conform to the chemical composition
requirements prescribed in Table 2 for the Copper Alloy UNS
Number designations specified in the ordering information.

7.2 These composition limits do not preclude the presence
of other elements. Limits may be established for unnamed
elements by agreement between manufacturer or supplier and
purchaser.

7.3 Copper is customarily given as remainder but may be
taken as the difference between the sum of all elements
analyzed and 100 %.

7.4 When all elements in Table 2 are analyzed, their sum
shall be 99.5 % minimum.

7.5 It is recognized that residual elements may be present in
cast copper-base alloys. Analysis shall be made for residual
elements only when specified in the purchase order (Specifi-
cation B 824).

8. Temper

8.1 The standard tempers are listed as follows:
8.1.1 TF00—Cast, solution heat treated and precipitation

heat treated.
8.1.2 M01—As sand cast.
8.1.3 Special or non-standard tempers are subject to nego-

tiation between the supplier and purchaser. Standard temper
designations are in accordance with Practice B 601.

9. Precipitation Heat Treatment

9.1 For the purpose of determining conformance to the
appropriate requirement in Table 3, the castings and test
specimens shall be precipitation heat-treated at a uniform
temperature from the solution heat-treated condition. Solution
heat-treatment and precipitation heat-treatments are listed in
Table 4. Other treatment times and temperatures may be
preferable for end products made from this material.

9.2 Special combinations of properties such as increased
ductility, electrical conductivity, dimensional accuracy, and
endurance life may be obtained by special precipitation heat-
treatments. The mechanical requirements of Table 3 do not
apply to such special heat-treatments. Specific test require-
ments as needed shall be agreed upon between the manufac-
turer or supplier and purchaser of the end product.

10. Mechanical Property Requirements

10.1 When tension tests are required, separately cast test-bar
specimens shall be used to determine mechanical properties
and shall meet the requirements shown in Table 3 in the as cast
or solution heat-treated and precipitation heat-treated condi-
tion.

11. Purchases for U. S. Government

11.1 When specified in the contract or purchase order,
product purchased for an agency of the U. S. government shall
conform to the special government regulations specified in the
Special Requirements.

12. Casting Repair

12.1 The castings shall not be weld repaired without ap-
proval of the purchaser.

12.2 The castings shall not be impregnated without approval
of the purchaser.

13. Sampling

13.1 Lot Size:
13.1.1 A lot shall consist of all castings produced from one

furnace melt or crucible melt.

TABLE 1 Nominal Compositions

Copper Alloy
UNS No.

Previous
Designation

Copper Nickel Silicon Beryllium Cobalt Chromium Iron Zirconium Tin Manganese

C81400 70C 99.1 ... ... 0.06 ... 0.8 ... ... ... ...
C82000 10C 97 ... ... 0.5 2.5 ... ... ... ... ...
C82200 3C, 14C 98 1.5 ... 0.5 ... ... ... ... ... ...
C82400A 165C, 165CTA 97.8 ... ... 1.7 0.5 ... ... ... ... ...
C82500A 20C, 20CTA 97.2 ... 0.3 2.0 0.5 ... ... ... ... ...
C82510 21C 96.6 ... 0.3 2.0 1.1 ... ... ... ... ...
C82600A 245C, 245CTA 96.8 ... 0.3 2.4 0.5 ... ... ... ... ...
C82800A 275C, 275CTA 96.6 ... 0.3 2.6 0.5 ... ... ... ... ...
C96700 72C 67.2 31.0 ... 1.2 ... ... 0.6 0.3 0.3 0.6

A When fine-grained castings are specified, 0.02 to 0.12 Ti is added for grain refinement, usually in the remelt ingot. See Specification B 30.
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13.1.2 When two or more furnace melts or crucible melts, or
both, are used to charge a ladle for pouring, the castings
produced therefrom shall constitute a lot.

13.1.3 A lot may consist of such groups of melts as agreed
upon by the manufacturer and purchaser and in such case a lot
shall consist of not more than 1000 lb (455 kg) of castings
(gates and risers removed).

13.1.4 Test bar specimens for the Copper Alloy UNS

Numbers in this specification shall be cast to the form and
dimensions shown in Figs. 1, Figs. 2, Figs. 3, or Figs. 4 in
Practice B 208.

14. Keywords

14.1 copper alloy castings; copper-base alloy castings; cop-
per beryllium castings

TABLE 3 Mechanical Requirements

NOTE 1—“TF00” property values denote product in the standard solution heat-treated and precipitation heat-treated condition.
NOTE 2—“M01” property values denote product in the as sand cast condition.

Copper Alloy
UNS No.

Temper
Designation

Tensile Strength, min Yield Strength 0.2 % Offset Elongation in 2 in.,
or 50 mm, min,%ksiA MPaB ksiA MPaB

C81400 TF00 53 366 36 248 11
C81400 M01 45 311 15 104 15
C82000 TF00 90 621 70 483 3
C82000 M01 45 311 15 104 15
C82200 TF00 90 621 70 483 5
C82200 M01 55 380 25 173 15
C82400 TF00 145 1001 135 932 1
C82400 M01 70 483 35 242 15
C82500 TF00 150 1035 120 828 1
C82500 M01 75 518 40 276 15
C82510 TF00 160 1104 150 1035 1
C82510 M01 80 552 45 311 10
C82600 TF00 165 1139 155 1070 1
C82600 M01 80 552 45 311 10
C82800 TF00 165 1139 155 1070 1/2
C96700 TF00 125 863 80 552 10

A ksi = 1000 psi.
B See Appendix.

TABLE 4 Thermal Treatments

NOTE 1—The values given for solution heat treatment, precipitation temperature, and heat treatment time are the same for UNS Nos. C82400, C82500,
C82510, C82600, and C82800.

Copper Alloy
UNS No.

Solution Heat Treatment
Precipitation Temperature

Heat Treatment
Time, hTemperature Time, h/in.

{
C81400
C96700

1800–1850°F
(982–1010°C) 1 h/in. of cross section and water quench

900–950°F
(482–510°C)

2

{
C82000
C82200

1675-1700°F
(913–927°C) 1 h/in. of cross section and water quench

850–900°F
(454–482°C)

3

{

C82400
C82500
C82510
C82600
C82800

1400–1475°F
(760–802°C) 1 h/in. of cross section and water quench

625–650°F
(330–343°C) 3
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 770 - 96)
that may impact the use of this standard.

(1) A comprehensive 5-year review was conducted. No techin-
cal changes were made as far as alloy temper and property
requirements. Some sections were rearranged, renumbered,
and, in some cases, reworded to conform to the newOutline of
Form and Style and the Form and Style for ASTM Standards
(Blue Book).
(2) The safety caveat was added.

(3) The Terminology section was added.
(4) The General Requirements section was expanded as di-
rected in theOutline of Form and Style.
(5) The composition of alloy C96700 was adjusted to match
the CDA UNS registered composition. A Ni+Co footnote was
added to Cobalt entry for alloys C82000, C82500, and C82800
for the same reason.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 806 – 02

Standard Specification for
Copper Alloy Permanent Mold Castings for General
Applications 1

This standard is issued under the fixed designation B 806; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification establishes requirements for copper
alloy2 permanent mold castings for general applications.
Nominal compositions of the alloys under this specification are
shown in Table 1.

1.2 The values stated in inch-pound units are to be regarded
as the standard. Metric values given in parentheses are for
information only.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form part of this specification to the extent
referenced herein:

2.2 ASTM Standards:
B 208 Practice for Preparing Tension Test Specimens for

Copper-Base Alloys for Sand, Permanent Mold, Centrifu-
gal, and Continuous Castings3

B 824 Specification for General Requirements for Copper
Alloy Castings3

E 527 Practice for Numbering Metals and Alloys (UNS)4

3. Ordering Information

3.1 Orders for casting under this specification shall include
the following information:

3.1.1 Quantity of castings required,
3.1.2 Copper alloy UNS number (Table 2) and temper

(as-cast, heat-treated, and so forth), (4.2),
3.1.3 Specification number, title, and year of issue.

3.1.4 Pattern or drawing number, and condition (cast, ma-
chined, and so forth),

3.1.5 Pressure test requirements, if specified in the purchase
order (Specification B 824),

3.1.6 Soundness requirements, if specified in the purchase
order (Specification B 824),

3.1.7 Repair of castings (Section 7),
3.1.8 Certification, if specified in the purchase order (Speci-

fication B 824),
3.1.9 Foundry test report, if specified in the purchase order

(Specification B 824),
3.1.10 Witness inspection, if specified in the purchase order

(Specification B 824),
3.1.11 Product marking, if specified in the purchase order

(Specification B 824), and
3.1.12 Castings for Seawater Service (Section 4).
3.2 When material is purchased for agencies of the U.S.

Government, the Supplementary Requirements of Specifica-
tion B 824 may be specified.

4. Materials and Manufacture

4.1 For better corrosion resistance in sea water applications,
castings in Copper Alloy UNS No. C95800 shall be given a
temper anneal heat treatment at 12506 50°F (6756 10°C) for
6 h minimum. Cooling shall be the fastest means possible that
will not cause excess distortion or cracking. Propeller castings
shall be exempt from this requirement.

5. Chemical Composition

5.1 The castings shall conform to the chemical requirements
specified in Table 2.

5.2 These specification limits do not preclude the presence
of other elements. Limits may be established for unnamed
elements by agreement between the manufacturer and the
supplier and the purchaser. Copper or zinc may be given as the
remainder and may be taken as the difference between the sum
of all the elements analysed and 100 %.

1 This practice is under the jurisdiction of ASTM Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.05 on Castings
and Ingots for Remelting.

Current edition approved Dec. 10, 2002. Published February 2003. Originally
approved in 1990. Discontinued June 2002 and reinstated as B 806 – 02. Last
previous edition approved in 1993 as B 806 – 93a.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix“ 00”. The suffix can be used to accommodate
composition variations of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



6. Mechanical Properties

6.1 Mechanical properties shall be determined from sepa-
rately cast test bar castings and shall meet the requirements
shown in Table 3.

7. Casting Repair

7.1 Alloys included in this specification are generally weld-
able. Weld repairs may be made at the manufacturer’s discre-
tion.

7.2 The castings shall not be impregnated without approval
of the purchaser (3.1.7).

8. General Requirements

8.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 824.

9. Sampling

9.1 A lot shall be as defined in Specification B 824 with the
exception that a lot shall consist of not more than 1000 lbs (455
kg) of castings (gates and risers removed).

9.2 Test bar castings shall be cast to the form and dimen-
sions shown in Fig. 7 of Practice B 208.

10. Keywords

10.1 copper alloy castings; copper-base alloy castings; per-
manent mold castings

TABLE 1 Nominal Composition

Classification
Copper
Alloy

UNS No.

Nominal Composition

Copper Aluminum Iron Manganese
Nickel (incl

Cobalt)
Silicon Lead Zinc Tin

Aluminum bronze C95300
C95400
C95410

89.0
85.0
84.0

10.0
11.0
10.0

1.0
4.0
4.0

...

...

...

...

...
2.0

...

...

...

...

...

...

...

...

...

...

...

...
Nickel aluminum bronze C95500

C95800
81.0
81.3

11.0
9.0

4.0
4.0

...
1.2

4.0
4.5

...

...
...
...

...

...
...
...

Silicon brass C87500
C87800

82.0
82.0

...

...
...
...

...

...
...
...

4.0
4.0

...

...
14.0
14.0

...

...

TABLE 2 Chemical Requirements

Classification
Copper
Alloy

UNS No.

Composition, % max except as indicated

Copper Aluminum Iron Manganese
Nickel (incl

Cobalt)
Silicon Lead Zinc Tin

Copper + Sum
of named
elements,

min

Aluminum bronze C95300 86.0 min 9.0–11.0 0.75–1.5 ... ... ... ... ... ... 99.0
C95400 83.0 min 10.0–11.5 3.0–5.0 0.25 1.5 ... ... ... ... 99.5
C95410 83.0 min 10.0–11.5 3.0–5.0 0.25 1.5–2.5 ... ... ... ... 99.5

Nickel aluminum
bronze

C95500 78.0 min 10.0–11.5 3.0–5.0 1.0 3.0–5.5 ... ... ... ... 99.5

C95800 79.0 min 8.5–9.5 3.5–4.5A 0.8–1.5 4.0–5.0A 0.10 0.03 ... ... 99.5
Silicon brass C87500 79.0 min 0.5 ... ... ... 3.0–5.0 0.50 12.0–16.0 ... 99.5

C87800 80.0 min 0.15 0.25 0.15 0.20 3.8–4.2 0.15 12.0–16.0 0.25 99.8
A Iron content shall not exceed the nickel content.

TABLE 3 Mechanical Requirements

Copper Alloy UNS
No.

Tensile Strength, min
ksiA (MPa)B

Yield Strength,
minC ksi (MPa)

Elongation in 2 in.
(50.8 mm) min, %

C95300 80 (550) 30 (205) 20
C95400 100 (690) 40 (275) 10
C95410 100 (690) 40 (275) 10
C95500 110 (760) 60 (415) 5
C95800D 90 (620) 40 (275) 15
C87500 80 (550) 30 (205) 15
C87800 80 (550) 30 (205) 15

A ksi = 1000 psi.
B See Appendix X1.
C Yield strength shall be determined as the stress producing an elongation under

lead of 0.5 %, that is, 0.01 in. in a gage length of 2 in.
D As cast or temper annealed.

B 806 – 02
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue that may
impact the use of this standard.

(1) Paragraph 1.1 was rewritten
(2) The entire specification was revised to comply with
Specification B 824.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 813 – 00 e1

Standard Specification for
Liquid and Paste Fluxes for Soldering of Copper and
Copper Alloy Tube 1

This standard is issued under the fixed designation B 813; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Paragraph 11.5 was editorially corrected in December 2001.

INTRODUCTION

This specification covers a series of specific requirements for liquid and paste fluxes. It also
incorporates a series of test methods that establish the procedures on how to measure these properties.
The format of this specification initially defines the specification requirements followed by the specific
test methods in the order in which they are to be performed.

1. Scope

1.1 This specification establishes the requirements and test
methods for liquid and paste fluxes for joining by soldering of
copper and copper alloy tube and fittings in plumbing, heating,
air conditioning, mechanical, fire sprinkler, and other similar
systems.

NOTE 1—This specification does not apply to fluxes intended for
electronic applications.

1.2 Solder fluxes are to be tested in accordance with the
requirements of this specification by an independent testing
laboratory. Testing, measuring equipment, and inspection fa-
cilities shall be of sufficient accuracy and quality to comply
with the requirements of this specification.

1.3 Units—The values stated in SI units are to be regarded
as standard. No other units of measurement are included in this
standard.

1.4 The following hazard caveat pertains to Sections 11-19.
This standard does not purport to address the safety problems,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on the
date of materials purchase form a part of this specification to
the extent referenced herein:

2.2 ASTM Standards:

B 32 Specification for Solder Metal2

B 88 Specification for Seamless Copper Water Tube3

B 88M Specification for Seamless Copper Water Tube
[Metric]3

B 152/B 152M Specification for Copper Sheet, Strip, Plate,
and Rolled Bar3

B 280 Specification for Seamless Copper Tube for Air
Conditioning and Refrigeration Field Service3

B 846 Terminology for Copper and Copper Alloys3

D 130 Test Method for Detection of Copper Corrosion from
Petroleum Products by the Copper Strip Tarnish Test4

D 1200 Test Method for Viscosity by Ford Viscosity Cup5

2.3 Other:
1986 Amendments to the Safe Drinking Water Act6

3. General Requirements

3.1 The flux shall be suitable for joining copper tube and
fittings by soldering in the size ranges shown in Table 1 of
Specifications B 88 and B 88M and Tables 4 and 5 of Speci-
fication B 280.

3.2 The flux shall remain active over the temperature range
of the soldering operation, removing and excluding oxides
from the metal surfaces in the joint.

3.3 The flux shall be suitable for use with all solders listed
in Table 5 of Specification B 32 as well as the more recently
developed solder alloys suitable for the applications in the
scope of this specification.

3.4 The flux shall allow the solder to adequately wet and
spread on the surfaces being soldered.

1 This specification is under the jurisdiction of Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe and
Tube.

Current edition approved March 10, 2000. Published May 2000. Originally
published as B 813 – 91. Last previous edition B 813 – 93.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 05.01.
5 Annual Book of ASTM Standards, Vol 06.01.
6 Available from the Superintendent of Documents, Government Printing Office,

Washington, DC 20402.
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3.5 The flux residue shall be water flushable after soldering.
3.6 The flux residue shall not be corrosive after soldering.
3.7 The flux shall not release toxic fumes during the

soldering operation or toxic substances into the water in the
completed system.

3.8 The flux shall adhere to the copper and copper alloys
under anticipated temperature, joint geometry, joint position,
job site, and weather conditions.

3.9 The flux shall not contain more than 0.2 % lead in
accordance with the 1986 Amendments to the Safe Drinking
Water Act.

4. Terminology

4.1 For terms related to copper and copper alloys, refer to
Terminology B 846 for terms specific to this standard.

4.2 Definition:
4.2.1 flux, n—a chemically active substance that is used to

remove and exclude oxides from the joint area during heating
and that ensures that the melted solder will wet the surfaces to
be joined.

5. Spreading Factor

5.1 Spreading of the solder is determined by measuring the
height (h) of a solder bead on a standard test sheet following
the specified heating cycle. Spread factor (SF) is calculated as
follows:

SF5 100~1.02 h! (1)

where:
h = the maximum height of the solder bead, mm.

5.2 A flux is considered to have acceptably influenced the
spreading of solder on the copper surfaces when the average
spreading factor is at least 50 (see Section 13).

5.3 The spreading test shall show a balanced action by
forming a regular and even solder layer.

6. Aggressiveness Requirements

6.1 From a standard test sheet on which a specimen has
been prepared with solder (see Section 15), the resistivity of
the aqueous solution shall be more than 100 000V cm.

6.2 From a standard test sheet on which a specimen has
been prepared without solder (see Section 16), the resistivity of
the aqueous solution shall be more than 85 000V cm.

7. Corrosiveness Requirements

7.1 There shall be a clear indication that in the areas of flux
reaction, the sheets shall show a corrosion and residue-free
surface comparable with the unwetted areas as determined by
visual inspection in accordance with Section 17.

7.2 Corrosiveness shall be reported in accordance with one
of the classifications listed as follows (see Test Method D 130):

Classification Description

1 Slight tarnish
2 Moderate tarnish
3 Dark tarnish

8. Viscosity Requirements

8.1 The viscosity of liquid fluxes shall be less than 180 s as
determined using a No. 2 Ford flow cup in accordance with
Section 18.

9. Residue Flushing Requirements

9.1 Flushing of the residue shall be determined by weight
loss.

9.2 The loss of weight of each sheet shall be determined by
comparing the average weight before and after the test proce-
dure. The weight loss of the flux residue shall be more than
99 % in accordance with Section 19.

% Weight Loss~d! 5 1002
~c 2 a!

~b 2 a!
3 100 (2)

where:
a = weight of degreased, flushing-test sheet, g;
b = weight of degreased, flushing-test sheet plus the

weight of applied flux, g; and
c = weight of dried, flushing-test sheet after flushing, g.

10. Sampling

10.1 Samples of flux taken for the purpose of the tests listed
in this specification shall be selected from the stock of the
manufacturer and shall be representative of the material being
evaluated.

11. Specimen Preparation

11.1 Standard Quantity of Solder Metal—A standard quan-
tity of solder metal shall be a sample of 60:40 tin-lead (Alloy
Grade Sn60), measuring 6.0 mm in diameter by 0.86 mm in
thickness, weighing approximately 0.21 g, that has been
degreased with trichloroethylene.

11.2 Standard Quantity of Flux—A standard quantity of flux
shall be 0.003 mL as measured by a precision pipet or other
volumetric measuring devices with equivalent precision.

11.3 Standard Test Sheet—A standard test sheet shall be a
piece of copper 35 by 35 by 1 mm thick of Copper UNS No.
C12200 (deoxidized high residual phosphorus) produced in
accordance with Specifications B 152/B 152M.

11.3.1 Preparation:
11.3.1.1 The sheet is abraded three times with a waterproof

sand or emery paper (Grit No. 360), each time perpendicular to
the previous direction. One corner of each test sheet shall be
bent upwards to permit handling. It is degreased with calcium
carbonate mixed with water to a paste consistency with which
the test sheet is rubbed using a wad of cotton. The residue is
flushed off by a strong jet of tap water. The test sheet is
considered to be degreased when it is completely moistened by
water when flushed.

11.3.1.2 In any of the following steps in which the test
sheets must be handled, use forceps or laboratory tongs. The
sheet is then etched for 15 s in an etching solution formulated
as follows:

(a) Etching Solution—(1-L etching solution contains 200-g
chromic acid anhydride (CrO3) and 125-mL sulfuric acid
(specific gravity 1.84) reagent grade, balance distilled water,
diluted to 1 L.)

(b) Finally, the sheet is rinsed thoroughly with distilled water
(60 to 70°C), immersed in ethanol (ACS Grade), and allowed
to dry.

11.4 Resistivity Test Specimen—The resistivity test speci-
men is the condition of the standard test sheet on which have
been deposited standard quantities of flux and solder metal
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before they are placed in the oven.
11.4.1 Preparation:
11.4.1.1 Remove test sheet from the liquid ethanol, allow to

dry, and apply a standard quantity of flux. With a standard
quantity of solder metal, spread the flux to an area of about 15
mm in diameter.

11.4.1.2 Place the test sheet with flux and solder metal in the
oven where it remains for 3 min at a temperature of 275°C
from the time the solder melts. Remove the specimen and
allow to cool to room temperature.

11.5 Flushing-Test Sheet—The flushing-test sheet is a piece
of copper 100 by 100 by 1.0 mm thick of Copper UNS No.
C12200 (deoxidized high residual phosphorus) produced in
accordance with Specifications B 152/ B 152M.

11.5.1 Preparation:
11.5.1.1 The copper sheets shall have raised edges of 3 or 4

mm to avoid loss of flux. The sheets shall be degreased with
trichloroethylene, flushed with water, and dried at a tempera-
ture of 50°C. Every sheet shall be weighed to 10-mg accuracy
using a standard laboratory balance.

12. Test Methods

12.1 The properties enumerated in this specification shall be
determined in accordance with the test methods given in
Sections 13-19.

13. Spreading Test

13.1 Scope—The influence of the flux on the spreading of
the fluid solder is indicated by the spreading factor obtained by
the conditions detailed in Section 17.

13.2 Apparatus:
13.2.1 Oven—The performance characteristics of the oven

shall be such that the temperature has an accuracy of62.5°C.
The oven shall be equipped with a sight glass for visible
control of the melting of the solder. It shall be possible to
measure the oven temperature in close proximity to the test
sheet. The test sheet shall be capable of being placed in the
oven and removed from it exactly horizontally. To reduce
cooling when the preheated test sheet is removed from the
oven, it is placed on a plate in an exact horizontal position so
as to be pushed in and out. The oven must be easy to heat to the
preset temperature.

13.2.2 Gilson Precision Pipet, 3 to 25 µL.
13.3 Spreading Factor Procedure:
13.3.1 The spreading factor test specimen is the condition of

the standard test sheet with a standard quantity of flux having
been heated to 275°C for 30 s in the oven. Immediately
afterwards, a standard quantity of solder metal is placed over
the liquid flux and the test specimen is replaced in the oven.

13.3.2 The period for which the test sheet shall be outside
the oven for application of the solder metal shall not exceed 10
s.

13.3.3 Remove test sheet from the ethanol, allow to dry, and
apply a standard quantity of flux. Spread the flux with a
standard quantity of solder metal to an area of about 15 mm in
diameter and then remove the solder metal.

13.3.4 Heat the test sheet with flux for 30 s in an oven at
275°C. Afterwards, replace the standard quantity of solder
metal that was used to spread the flux on the test sheet and heat

the assembly for 3 min at a temperature of 275°C in the oven.
13.3.5 After the test specimen has cooled to room tempera-

ture and been cleaned, measure the solder height by means of
a flat micrometer three times, average the values, and calculate
the spreading factor as in 5.1.

13.4 Calculation—After five tests, the highest and lowest
figures are excluded. Calculate the average of the remaining
three.

14. Aggressiveness Test

14.1 Scope—The aggressiveness of the flux is determined
by means of a resistivity test by measuring the resistivity inV
cm of an aqueous solution of the flux residue. The conductivity
cell to be used shall be kept immersed in distilled water at
ambient temperature for a minimum of 24 h before use.

14.2 Apparatus:
14.2.1 Ohmmeter (Must Be Suitable for Use with Liquids)—

Cell constant shall be specified.
14.2.2 Beakers—100 mL—for this test shall be acid/alkali

resistant, cleaned, and degreased. Finally, they shall be rinsed
thoroughly with distilled water.

14.2.3 Thermometers—The temperatures shall be measured
with cleaned thermometers having a scale that will accurately
register the temperatures. The thermometer shall be immersed
in a clean graduate measuring cylinder, filled with distilled
water for a minimum of 24 h before use.

14.3 Calculation—After five tests, the highest and lowest
figures are excluded and the average of the other three is used.

15. Resistivity Test—Soldered(see 6.1)

15.1 Procedure:
15.1.1 Clean seven watch glasses and seven graduated

beakers thoroughly by washing in hot water detergent solution,
rinsing several times with tap water followed by rinsing three
times with distilled water. Then add approximately 50 mL of
distilled water to each beaker, cover with a watch glass, and
boil for 2 min. Discard the water and repeat this boiling with
fresh distilled water. Place each clean beaker upside down on
tissue paper until they are needed. Fill each beaker to the
75-mL mark with distilled water. Immerse the beakers in a
water bath maintained at 25°C. When this temperature is
reached, measure the resistivity of the distilled water in each
beaker. Make sure that the resistivity of the distilled water in
each beaker is not less than 500 000V cm. If the resistivity of
the water in any beaker is less than 500 000V cm, repeat the
complete process just described. Retain two of these beakers as
controls.

15.1.2 For determination of the resistivity, five of the test
specimens indicated in 11.4 are used. After cooling the last
sheet, five of the sheets (see 13.3.5) are placed in separate
beakers filled with 75-mL distilled water. The test sheets are
placed with the soldered surface down. The beakers are then
covered with watch glasses. Heat all seven beakers simulta-
neously. As the contents of each beaker comes to a boil, time
the boiling for 1 min. The beakers are then allowed to cool for
10 min. They are then cooled rapidly until a temperature of
25°C has been reached. When this temperature is reached, the
test sheets are removed. Determine the resistivity of the
aqueous solution in each of the seven beakers as follows:
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15.1.2.1 Thoroughly rinse the conductivity cell in distilled
water and immerse in a water control. Make ohmmeter reading.

15.1.2.2 Thoroughly rinse the conductivity cell with dis-
tilled water and immerse it in the aqueous solution of one
sample. Make ohmmeter reading.

15.1.2.3 Thoroughly rinse conductivity cell in distilled wa-
ter and immerse in the aqueous solution of the second water
control. Make ohmmeter reading.

15.1.2.4 Thoroughly rinse the conductivity cell in distilled
water. Measure resistivities of the remaining control and
aqueous solutions.

15.1.2.5 Make sure that the resistivity of each of the
controls is not less than 500 000V cm. If the control value is
less than 500 000V cm, it indicates that the water was
contaminated with water-soluble ionized materials; repeat the
entire test. Calculate the average of the resistivities of the
aqueous solutions of the flux residues in accordance with 14.3.

16. Resistivity Test—No Solder(see 6.2)

16.1 Procedure—Prepare seven watch glasses and seven
graduated beakers as indicated in 15.1.1. For determination of
the resistivity, five standard test sheets are used. The test sheets
are heated for 2 min to 150°C after application of a standard
quantity of liquid flux. After cooling, the test sheets are placed
in separate beakers, filled with 75-mL distilled water. The test
sheets are then placed with the surface down. The test then
proceeds in accordance with 15.1.2.

17. Corrosiveness Test

17.1 Apparatus:
17.1.1 Desiccator.
17.2 Procedure:
17.2.1 Remove the test sheet from the ethanol, allow to dry,

and apply five times the standard quantity of flux (in accor-
dance with 11.2). Heat the test sheet with the flux in an oven at
275°C for 3 min. From the moment the test sheet is taken out
of the oven, no cleaning is permitted. Place the sheet in a
desiccator on a stand over the water level. The flux residue
must be removed as follows:

17.2.1.1 Use three standard test sheets. After 24 h, take the
test sheets from the desiccator to judge the extent of corrosion,
and

17.2.1.2 Thoroughly clean each test sheet by washing in a
hot (75°C) detergent solution. Use only a soft brush, if
necessary.

18. Viscosity Test

18.1 Apparatus:
18.1.1 Flow Cup, No. 2 Ford Cup (see Test Method

D 1200).
18.2 Procedure:
18.2.1 Make viscosity determinations in a room free of

drafts and rapid changes in temperature.
18.2.2 Level the instrument so that a cup will be filled level

without a meniscus or overflow at one side.

18.2.3 Determine the time in seconds of viscosity as fol-
lows:

18.2.3.1 Close the orifice, for example, by holding a rubber
stopper against it.

18.2.3.2 Fill the cup with the prepared specimen by over-
filling the cup and scraping off the excess with a straight edge.

18.2.3.3 Pull the stopper away and simultaneously start the
timing device, and

18.2.3.4 Measure the time until the first break in the stream.

19. Residue Flushing Test

19.1 Procedure:
19.1.1 On every copper sheet apply a quantity of 5.0 g of

flux. Heat the sheets to 300°C within 30 s, as measured by a
temperature indicator.

19.1.2 After cooling to room temperature, flush every sheet
in a horizontal position for 30 s in a cold-water jet. The
cold-water jet (#25°C) of 1 L/min must be pressureless in free
fall from 50 cm difference in level and equal over the entire
surface of the sheet.

19.1.3 Dry the sheet at a temperature of 50°C. Each sheet
must be weighed. Calculate loss of weight (see Section 9).

20. Retest and Rejection

20.1 If the results of any test(s) do not meet the require-
ments of this specification, the test(s) shall be conducted again
in accordance with an agreement between the purchaser and
the seller. There shall be no agreement to lower the minimum
requirement of the specification by such means as omitting
tests that are a part of the specification, substituting or
modifying a test method, or by changing the specification
limits. In retesting, the product requirements of this specifica-
tion shall be met, and the test methods designated in the
specification shall be followed. If, upon retest, failure occurs,
the quantity of product represented by the test(s) shall be
rejected.

21. Certification

21.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met. Also
when requested, it shall include a copy of the Flux Evaluation
and Certification Form (Fig. 1).

22. Package and Package Marking

22.1 The flux container shall be marked with: Trademark(s)
or brand name(s) applicable to product batch code.

23. Keywords

23.1 aggressiveness test; copper and copper alloys; corro-
siveness; flushing; liquid and paste fluxes; resistivity; solder-
ing; spreading factor; tarnish; viscosity
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FIG. 1 Flux Evaluation and Certification Form
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
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Designation: B 819 – 00

Standard Specification for
Seamless Copper Tube for Medical Gas Systems 1

This standard is issued under the fixed designation B 819; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification establishes the rquirements for two
wall thickness schedules of specially cleaned, straight lengths
of seamless copper tube, identified as Types K and L, suitable
for medical gas systems. The tube shall be installed in
conformance with the requirements of the National Fire
Protection Association (NFPA) Standard 99, Gas and Vacuum
Systems (NFPA) Standard 99C, Standard for Hypobaric Facili-
ties (NFPA) Standard 99B, and Canadian Standards Associa-
tion (CSA) Standard Z 305.1/Z 7396.1, Nonflammable Medi-
cal Gas Piping Systems.

NOTE 1—Types K and L tube are defined in Specification B 88.
NOTE 2—Drawn temper tube is suitable for use with capillary (solder

joint) fittings for brazing.

1.2 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units, which are provided for information
only and are not considered standard.

1.3 The following safety hazard caveat pertains only to the
test method portion of Section 12 of this specification.This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.2

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standards in effect on date of material purchase form
a part of this specification to the extent referenced herein:

2.2 ASTM Standards:
B 88 Specification for Seamless Copper Water Tube3

B 251 Specification for General Requirements for Wrought
Seamless Copper and Copper-Alloy Tube3

B 280 Specification for Seamless Copper Tube for Air
Conditioning and Refrigeration Field Service3

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast3

B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 53 Methods for Chemical Analysis of Copper6

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)6

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes7

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition6

E 527 Practice for Numbering Metals and Alloys (UNS)8

2.3 Other Standards:
National Fire Protection Association (NFPA) 99, Gas and

Vacuum Systems (NFPA) 99C and Standard for Hy-
pobaric Facilities (NFPA) 99B9

Compressed Gas Association (CGA) G-4.1, Cleaning
Equipment for Oxygen Service10

Canadian Standards Association (CSA) Z 305.1/Z 7396.1,
Nonflammable Medical Gas Piping Systems11

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 lengths—straight pieces of the product.
3.2.2 standard—uniform lengths established as commercial

standards.
3.2.3 tube, copper water—a seamless copper tube conform-

ing to the particular dimensions commercially known as
Copper Water Tube and designated as Types K and L (see Table
1).

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Sept. 10, 2000. Published November 2000. Originally
published as B 819 – 92. Last previous edition B 819 – 95.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard system accomplished by the addition of a prefix
“C” and a suffix “00”. The suffix can be used to accommodate composition variation
of the base alloy.

3 Annual Book of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.03.
8 Annual Book of ASTM Standards, Vol 01.01.
9 Available from National Fire Protection Association, Batterymarch Park,

Quincy, MA 02269.
10 Available from Compressed Gas Association Inc., 1725 Jefferson Davis

Highway, Suite 1004, Arlington, VA 22202–4102.
11 Available from Canadian Standards Association, 178 Rexdale Blvd., Rexdale,

Ontario, Canada M9W 1R3.
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3.2.4 tube, seamless—a tube produced with a continuous
periphery in all stages of the operations.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 Specification B 819–00.
4.1.2 Nominal or standard size (Column 1 of Table 1) and

whether Type K or L (Sections 3 and 10),
4.1.3 Temper (Sections 7 and 8),
4.1.4 Length (see 10.5),
4.1.5 Quantity (pieces) of each size and type,
4.2 The following options are available and should be

specified at the time of placing the order when required.
4.2.1 Whether tension test determinations are required (Sec-

tion 8),
4.2.2 Whether the tube shall be charged with dry, oil-free

nitrogen during capping, closing, or plugging (see 11.8),
4.2.3 Certification, if required (see Section 20), and
4.2.4 Mill Test Report, if required, (see Section 21).
4.2.5 In addition, when material is purchased for agencies of

the U.S. Government, it shall conform to the Supplementary
Requirements as defined herein when specified in the contract
or purchase order.

5. Materials and Manufacture

5.1 Material—The materials of manufacture shall be a cast
billet of Copper Alloy UNS C12200 of such purity and
soundness as to be suitable for processing into the products
prescribed herein.

5.2 Manufacture—The product shall be manufactured by
such hot working necessary to convert the billet to a tubular
shape and cold worked to the finished size.

6. Chemical Composition

6.1 The material shall conform to the following chemical
requirements of Copper UNS No. C12200:

Copper (incl silver), % 99.9 minimum
Phosphorous, % 0.015 to 0.040

6.2 These specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between the manufacturer or supplier
and the purchaser.

7. Temper

7.1 Seamless copper tube for medical gas systems shall be
furnished in the H58 (Drawn General Purpose) temper, as
defined in Practice B 601.

8. Mechanical Properties

8.1 The tube shall conform to the mechanical property
requirements specified in Table 2 when tested in accordance
with Test Methods E 18 and E 8, respectively. Tension test
determinations need not be made except when indicated by the
purchaser at the time of placing the order. A convenient method
of indicating that these tests are to be made is to state that “Test
Procedure T” is required (see 4.2.1). Where agreement on the
Rockwell hardness tests cannot be reached, the tensile strength
requirements of Table 2 shall be the basis for acceptance or
rejection.

9. Nondestructive Testing

9.1 Each tube up to and including 3-in. (76.2-mm) standard

TABLE 1 Dimensions, Mass, and Tolerances in Diameter and Wall Thickness for Nominal or Standard Copper Water Tube Sizes.
(All tolerances are plus and minus except as otherwise indicated)

Nominal
or

Standard
Size.

in.

Outside
Diameter,
in. (mm)

Average
Outside

DiameterA

Tolerances,
in. (mm)

Wall Thickness and Tolerances, in.

Type K Type L Theoretical Mass, lb/ft (kg/m)

Wall Thickness Wall Tolerance Thickness Tolerance Type K Type L

1⁄4 0.375 (9.52) 0.001 (0.025) 0.035 (0.889) 0.0035 (0.089) 0.030 (0.762) 0.003 (0.076) 0.145 (0.216) 0.126 (0.187)
3⁄8 0.500 (12.7) 0.001 (0.025) 0.049 (1.24) 0.005 (0.13) 0.035 (0.889) 0.004 (0.10) 0.269 (0.400) 0.198 (0.295)
1⁄2 0.625 (15.9) 0.001 (0.025) 0.049 (1.24) 0.005 (0.13) 0.040 (1.02) 0.004 (0.10) 0.344 (0.512) 0.285 (0.424)
5⁄8 0.750 (19.1) 0.001 (0.025) 0.049 (1.24) 0.005 (0.13) 0.042 (1.07) 0.004 (0.10) 0.418 (0.622) 0.362 (0.539)
3⁄4 0.875 (22.3) 0.001 (0.025) 0.065 (1.65) 0.006 (0.15) 0.045 (1.14) 0.004 (0.10) 0.641 (0.954) 0.455 (0.677)
1 1.125 (28.6) 0.0015 (0.038) 0.065 (1.65) 0.006 (0.15) 0.050 (1.27) 0.005 (0.13) 0.839 (1.25) 0.655 (0.975)
11⁄4 1.375 (34.9) 0.0015 (0.038) 0.065 (1.65) 0.006 (0.15) 0.055 (1.40) 0.006 (0.15) 1.040 (1.55) 0.884 (1.32)
11⁄2 1.625 (41.3) 0.002 (0.051) 0.072 (1.83) 0.007 (0.18) 0.060 (1.52) 0.006 (0.15) 1.360 (2.02) 1.140 (1.70)
2 2.125 (54.0) 0.002 (0.051) 0.083 (2.11) 0.008 (0.20) 0.070 (1.78) 0.007 (0.18) 2.060 (3.07) 1.750 (2.60)
21⁄2 2.625 (66.7) 0.002 (0.051) 0.095 (2.41) 0.010 (0.25) 0.080 (2.03) 0.008 (0.20) 2.930 (4.36) 2.480 (3.69)
3 3.125 (79.4) 0.002 (0.510) 0.109 (2.77) 0.011 (0.28) 0.090 (2.29) 0.009 (0.23) 4.000 (5.95) 3.330 (4.96)
31⁄2 3.625 (92.1) 0.002 (0.051) 0.120 (3.05) 0.012 (0.30) 0.100 (2.54) 0.010 (0.25) 5.120 (7.62) 4.290 (6.38)
4 4.125 (105) 0.002 (0.051) 0.134 (3.40) 0.013 (0.33) 0.110 (2.79) 0.011 (0.28) 6.510 (9.69) 5.380 (8.01)
5 5.125 (130) 0.002 (0.051) 0.160 (4.06) 0.016 (0.41) 0.125 (3.18) 0.012 (0.30) 9.670 (14.4) 7.610 (11.3)
6 6.125 (156) 0.002 (0.051) 0.192 (4.88) 0.019 (0.48) 0.140 (3.56) 0.014 (0.36) 13.900 (20.7) 10.200 (15.2)
8 8.125 (206) H +0.002

−0.006
(0.051)
(0.150)

0.271 (6.88) 0.027 (0.69) 0.200 (5.08) 0.020 (0.51) 25.900 (38.5) 19.300 (28.7)

AThe average outside diameter of a tube is the average of the maximum and minimum outside diameter, as determined at any one cross section of the tube.

TABLE 2 Mechanical Properties

Temper Designation
Form

Rockwell HardnessA Tensile Strength
Standard Former Scale Value min, ksiB (MPa)C

H58 drawn straight 30T 30 min 36 (250)
general lengths
purpose

ARockwell hardness tests shall be made on the inside surfaces of the tube.
When suitable equipment is not available for determining the specified Rockwell
hardness, other Rockwell scales and values may be specified subject to between
the purchaser and the supplier.

Bksi = 1000 psi.
CMPa = pascal 3 106.
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size, 31⁄8-in. (79.4-mm) outside diameter, shall be subjected to
an eddy-current test. Testing shall follow the procedures of
Practice E 243, except for the determination of “end effect.”
Tubes shall be passed through an eddy-current test unit
adjusted to provide information on the suitability of the tube
for the intended application.

9.1.1 Either notch depth or drilled hole standards shall be
used.

9.1.1.1 Notch-depth standards, rounded to the nearest 0.001
in. (0.025 mm) shall be 22 % of the wall thickness. The
notch-depth tolerance shall be plus and minus 0.0005 in. (0.013
mm). Alternatively at the option of the manufacturer using
speed-insensitive eddy-current units that are equipped so that a
fraction of the maximum imbalance signal can be selected, the
following percent maximum imbalance signals may be used:

Standard Tube Size, in.
Maximum Percent Imbalance

Signal Magnitude

Up to 3⁄8, incl 0.2
1⁄2 to 2, incl 0.3
Over 2 to 3, incl 0.4

9.1.1.2 Drilled holes shall be drilled radially through the
wall using a suitable drill jig that has a bushing to guide the
drill, care being taken to avoid distortion of the tube while
drilling. The diameter of the drilled hole shall be in accordance
with the following and shall not vary by more than +0.001 in.
(+0.026 mm), −0.000 in. (−0.000 mm) of the hole diameter
specified.

Tube Outside
Diameter, in.

Diameter of Drilled
Holes, in. Drill Number

1⁄4 to 3⁄4, incl 0.025 72
Over 3⁄4 to 1, incl 0.031 68
Over 1 to 11⁄4, incl 0.036 64
Over 11⁄4 to 11⁄2, incl 0.042 58
Over 11⁄2 to 13⁄4, incl 0.046 58
Over 13⁄4 to 2, incl 0.052 55

9.1.2 Tubes that do not activate the signalling device of the
eddy-current testers shall be considered as conforming to the
requirements of this test. Tubes with discontinuities indicated
by the testing unit may at the option of the manufacturer be
reexamined or retested to determine whether the discontinuing
is cause for rejection. Signals that are found to have been
caused by minor mechanical damage, soil or moisture, shall not
be cause for rejection of the tubes provided the tube dimen-
sions are still within prescribed limits and the tube is suitable
for its intended application.

9.2 Tube made to this specification shall be capable of
withstanding the pressure test of 9.2.1 or 9.2.2. Should subse-
quent testing by the purchaser establish that the material does
not meet these requirements, the material may be rejected.

9.2.1 The tube shall stand without showing evidence of
leakage, and an internal hydrostatic pressure sufficient to
subject the material to a fiber stress of 6000 psi (41 MPa)
calculated from the following equation for thin hollow cylin-
ders under tension:

P 5
2 St

D 2 0.8t (1)

where:
P = hydrostatic pressure, psi (MPa);

S = allowable stress of the material, psi (MPa);
t = wall thickness, in. (mm); and
D = outside diameter of the tube, in. (mm).

9.2.2 The tube shall stand an internal air pressure of 60 psig
(415 kPa) for 5 s without showing evidence of leakage. The test
method used shall permit easy visual detection of any leakage,
such as by having the tube under water or by the pressure
differential method.

10. Dimensions, Mass and Permissible Variations

10.1 For the purpose of determining conformance with the
dimensional requirements specified in this specification, any
measured value outside the specified limiting values for any
dimensions may be cause for rejection.

10.2 Standard Dimensions, Wall Thickness, and Diameter
Tolerancesshall be in accordance with Table 1.

10.3 Theoretical Weightsfor purposes of calculating
weights, cross sections, and so forth, the density of the copper
shall be taken as 0.323 lb/in.3 (8.94 g/cm3).

10.4 Roundness Toleranceshall be as specified in Table 3.
The deviation from roundness is measured as the difference
between major and minor diameters as determined at any one
cross section of the tube.

10.5 Standard Lengths and Tolerances—The standard
length and tolerances shall be as specified in Table 4.

10.6 Squareness of Cut—The departure from squareness of
the end of any tube shall not exceed more than 0.010 in. (0.25
mm) for tube up to and including1⁄2-in. (12.7-mm) standard
size; and not more than 0.016 in./in. (0.40 mm/mm) of outside
diameter for tube larger than1⁄2-in. (12.7-mm) standard size.

11. Tube Cleaned for Medical Gas Systems

11.1 Tube for medical gas systems shall be cleaned to meet
the requirements of Section 12. The following are recom-
mended practices for cleaning, but the producer is not limited
to these procedures.

NOTE 3—Some cleaning techniques are found in CGA G-4.1.

11.2 Alkaline Washing—Washing in a solution of approxi-
mately 4 oz of commercial alkaline cleaner per gallon (30 g/L)
of hot water at approximately 180°F (82°C), followed by
rinsing thoroughly first with cold then with clean hot water and
drying. The cleaner may contain but is not restricted to tri or
tetra sodium phosphate, sodium carbonate, sodium hydroxide,
sodium metasilicate, or sodium orthosilicate plus a wetting
agent or any combination of the foregoing.

11.3 Steam Solvent Washing—Washing by flushing with
steam containing Stoddard Solvent or its equivalent, rinsing
thoroughly with clean steam, and purging with hot or dry air.

11.4 Steam Detergent Washing—Washing by flushing with
steam containing a detergent, rinsing thoroughly with clean

TABLE 3 Roundness Tolerance

t/D (Ratio of Wall Thickness
to Outside Diameter)

Roundness Tolerance %
of Outside Diameter

(Expressed to Nearest
0.001 in. or 0.010 mm)

0.01 to 0.03, incl 1.5
Over 0.03 to 0.05, incl 1.0
Over 0.05 to 0.10, incl 0.8
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steam, and purging with hot or dry air.
11.5 Steam Washing—Washing by flushing with clean

steam and purging with hot or dry air.
11.6 Vapor Degreasing—Washing thoroughly with trichlo-

roethylene or 1,1,1 trichloroethane (methyl chloroform) sol-
vent by “vapor-immersion” or “vapor-flushing-vapor” tech-
niques and then purging with dry air.

11.7 Refrigerant Degreasing—Vapor flushing with refriger-
ant and purging with hot or dry air.

11.8 After washing and drying, the tube shall be immedi-
ately capped, plugged, or otherwise sealed or closed at both
ends. In addition, and as an option, the tube may be charged
with dry, oil-free nitrogen before or following capping or
plugging.

12. Cleanness Requirements

12.1 The tube shall be capable of passing the following
cleanness test, although actual performance of this test is not
mandatory under the terms of this specification unless speci-
fied. Cleanness requirements in addition to those of this
specification are the responsibility of the user.

12.1.1 The inside of tube with sealed or closed ends shall be
sufficiently clean so that when the interior of the tube is washed
with trichloroethylene, or other suitable solvent such as methyl
chloroform or redistilled trichloroethylene, the residue remain-

ing upon evaporation of the solvent shall not exceed 0.0035
g/ft2(0.038 g/m2) of interior surface. The maximum amount of
residue in grams per tube shall not exceed the requirements
specified in Table 5 or Table 6.

12.1.2 To perform the test, cap (or plug) one end of the tube
and fill with solvent to one eighth of its capacity. Cap (or plug)
the opposite end and roll tubes on horizontal supports to wash
the inside surfaces thoroughly (Note 4). Remove cap or plug
and pour solvent into a suitable clean weighed container. The
solvent in the container shall be evaporated to dryness on a
low-temperature hot plate or sand bath. Overheating of the
container should be avoided to prevent charring of the residue.
The container shall then be dried in an oven at 100 to 110°C for
10 min, cooled in a desiccator, and weighed. A blank determi-
nation shall be run on the determined quantity of solvent and
the gain in weight for the blank shall be subtracted from the
weighing of the residue sample. The corrected weight shall
then be calculated to grams of residue per internal area of tube.

12.1.3 The quantity of the solvent used may vary with the
size of the tube being examined. A minimum quantity of 100
mL should be used for standard sizes up to1⁄2in. (12.7 mm) and
should be increased proportionately for the larger size. The
quantity of solvent used for the blank run shall be the same as
that used for the actual examination of the tube sample.

12.1.4 In performing the test, care must be exercised to
clean the outside surface of the end of the sample to be
immersed in the solvent. The sample must be prepared in such
a manner as to prevent the inclusion in the residue of copper
chips or dust, resulting from the cutting of the sample.

NOTE 4—Because of limitations of test, it is not required that straight
tubes 11⁄4-in. (31.8-mm) standard size and over be tested in full length. For
such tubes, a shorter length to a minimum of 5 ft. (1.52 m) may be tested

TABLE 4 Standard Lengths and Tolerances

Nominal or
Standard Size,

in.
Type Standard Length, ft (m)

Tolerance (All Plus),
in. (mm)

Tubes Furnished in Straight Lengths
Up to 8 incl K,L 20 (6.1) 1 in. (25)

TABLE 5 Interior Surface Residue Limits of Straight Lengths, Type K

NOTE 1—The conversion of square feet to square metres is; square ft2 3 0.092 903 = m2.

Nominal or
Standard Size, in.

Outside Diam-
eter, in.

Wall Thickness, in. (mm)

Internal Area per Length of Tube, ft2(m2)A
Residue LimitB/

20
ft (6.10 m),

Straight Length,
g

1 ft (0.305 m) 20 ft (6.10 mmC)

1⁄4 0.375 0.035 (0.889) 0.0798 (0.0074) 1.596 (0.1483) 0.0056
3⁄8 0.500 0.049 (1.2) 0.1052 (0.0098) 2.104 (0.1955) 0.0074
1⁄2 0.625 0.049 (1.2) 0.1380 (0.0128) 2.760 (0.2564) 0.0097
5⁄8 0.750 0.049 (1.2) 0.1707 (0.0159) 3.414 (0.3172) 0.0120
3⁄4 0.875 0.065 (1.6) 0.1950 (0.0181) 3.900 (0.3623) 0.0137
1 1.125 0.065 (1.6) 0.2605 (0.0242) 5.210 (0.4840) 0.0182
11⁄4 1.375 0.065 (1.6) 0.3260 (0.0303) 6.520 (0.6057) 0.0228
11⁄2 1.625 0.072 (1.8) 0.3877 (0.0360) 7.754 (0.7204) 0.0271
2 2.125 0.083 (2.1) 0.5219 (0.0476) 10.258 (0.9530) 0.0359
21⁄2 2.625 0.095 (2.4) 0.6375 (0.0592) 12.750 (1.1845) 0.0446
3 3.125 0.109 (2.8) 0.7611 (0.0707) 15.222 (1.4142) 0.0533
31⁄2 3.625 0.120 (3.0) 0.8862 (0.0823) 17.724 (1.6466) 0.0620
4 4.125 0.134 (3.4) 1.0098 (0.0938) 20.196 (1.8763) 0.0707
5 5.125 0.160 (4.0) 1.2580 (0.1169) 25.160 (2.3374) 0.0881
6 6.125 0.192 (4.8) 1.5030 (0.1396) 30.060 (2.7927) 0.1052
8 8.125 0.271 (6.8) 1.9852 (0.1844) 39.704 (3.6887) 0.1390

AInternal area per length of tube ft2 = (p)(ID)(12)/144
where:
p = 3.1416, and
ID = inside diameter of tube.
BResidue limit = (c) (0.0035 g/ft2 or 0.038 g/m2)
where:
Cis the numerical value for 20 ft of internal area per size, and

(0.0035 g/ft2 or 0.038 gm2) is the standard limit.
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with a correspondingly reduced maximum permissible residue limit based
upon 0.0035 g/ft2(0.038 g/m2) of sample interior surface.

13. Workmanship, Finish, and Appearance

13.1 The finished tube shall be smooth, free of internal and
external mechanical imperfections, but blemishes of a nature
that do not interfere with the intended application are accept-
able, and shall have a clean, bright appearance.

14. Sampling

14.1 The lot size, portion size, and selection of sample
pieces shall be as follows:

14.1.1 Lot Size—An inspection lot shall be 10 000 lbs or
less of the same mill form, alloy, temper, and nominal
dimensions subject to inspection at one time.

14.1.2 Portion Size—The portion size shall be in accor-
dance with the schedule of Table 7. Each sample shall be taken
from a separate tube.

14.2 Sample pieces shall be selected for test purposes from
each lot of 10 000 lbs (4550 kg) or fraction thereof, of each size
and type, according to the schedule of Table 7. Each sample
shall be taken from a separate tube.

14.3 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings,
millings, and so forth shall be taken in approximately equal

weight from each of the sample pieces selected in accordance
with 14.2 and combined into one composite sample. The
minimum weight of the composite sample that is to be divided
into three equal parts shall be 150 g.

14.3.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: (1) conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semifinished product and (2) the number of
samples taken for determination of chemical composition shall
be as follows:

14.3.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

14.3.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent 10 000 lbs (4550
kg) or fraction thereof, except that not more than one sample
shall be required per piece.

14.3.1.3 Because of the discontinuous nature of the process-
ing of castings into wrought products, it is not practical to
identify specific casting analysis with a specific quantity of
finished material.

14.3.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

15. Number of Tests and Retests

15.1 Chemical Analysis—At least two replicate analyses of
each element with a limiting value shall be conducted.

15.2 Mechanical Tests—For the mechanical tests, a speci-
men shall be taken from each of the sample pieces selected in
accordance with 14.2. The required mechanical test shall be

TABLE 6 Interior Surface Residue Limits of Straight Lengths, Type L

NOTE 1—The conversion of square foot to square metre is ft2 3 0.092 903 = m2.

Nominal or
Standard
Size, in.

Outside
Diameter,

in.
Wall Thickness, in. (mm)

Internal Area Per Length of Tube, ft2(m2)A Residue LimitB/20
ft (6.10 m),

Straight
Length, g1 ft (0.305) 20 ft (6.10 mmC)

1⁄4 0.375 0.030 (0.762) 0.0825 (0.0077) 1.65 (0.153) 0.0058
3⁄8 0.500 0.035 (0.889) 0.1126 (0.0105) 2.25 (0.209) 0.0079
1⁄2 0.625 0.040 (1.016) 0.1427 (0.0133) 2.85 (0.265) 0.0100
5⁄8 0.750 0.042 (1.07) 0.1744 (0.0162) 3.49 (0.324) 0.0122
3⁄4 0.875 0.045 (1.14) 0.2055 (0.0191) 4.11 (0.382) 0.0144
1 1.125 0.050 (1.27) 0.2683 (0.0249) 5.37 (0.499) 0.0188
11⁄4 1.375 0.055 (1.40) 0.3312 (0.0308) 6.62 (0.615) 0.0232
11⁄2 1.625 0.060 (1.52) 0.3940 (0.0366) 7.88 (0.732) 0.0276
2 2.125 0.070 (1.78) 0.5197 (0.0423) 10.39 (0.846) 0.0364
21⁄2 2.625 0.080 (2.03) 0.6453 (0.0599) 12.91 (1.199) 0.0453
3 3.125 0.090 (2.77) 0.7611 (0.0707) 15.42 (1.432) 0.0540
31⁄2 3.625 0.100 (2.54) 0.8966 (0.0833) 17.93 (1.666) 0.0628
4 4.125 0.110 (2.80) 1.0220 (0.0949) 20.44 (1.898) 0.0717
5 5.125 0.125 (3.18) 1.2763 (0.1186) 25.53 (2.372) 0.0894
6 6.125 0.140 (3.56) 1.5302 (0.1422) 30.60 (2.843) 0.1071
8 8.125 0.200 (5.08) 2.0224 (0.1879) 40.45 (3.758) 0.1416

AInternal area per length of tube ft2 = (p)(ID)(12)/144
where:
p = 3.1416, and
ID = inside diameter of tube.
BResidue limit = (c) (0.0035 g/ft2 or 0.038 g/m2)
where:
Cis the numerical value for 20 ft of internal area per size, and

0.0035 g/ft2 of 0.038 gm2) is the standard limit.

TABLE 7 Sampling Schedule

Number of Pieces in Lot Number of Sample Pieces to be TakenA

1 to 50 1
51 to 200 2

201 to 1500 3
Over 1500 0.2 % of total number pieces in the lot

but not more than 10 sample pieces
AEach sample piece shall be taken from a separate tube.
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made on each of the specimens so selected. The value for the
Rockwell hardness number of each specimen shall be estab-
lished by taking the arithmetical average of at least three
readings.

15.3 Retests:
15.3.1 If the chemical analysis fails to conform to the

specified limits, analysis shall be made on a new composite
sample prepared from additional pieces selected in accordance
with 14.2. The results of this retest shall comply with the
specified requirements.

15.3.2 If any results of any test made to determine the
mechanical properties fails to meet the specified requirements,
two additional specimens shall be taken from different sample
pieces and tested. The results of the tests on both of these
specimens shall meet the specified requirements. Failure of
more than one specimen to meet the specified requirements for
a particular property shall be the cause for rejection of the
entire lot.

15.3.2.1 If any test specimen shows defective machining or
develops flaws, it may be discarded and another specimen
substituted.

16. Test Methods

16.1 The properties enumerated in this specification shall, in
case of disagreement, be determined in accordance with the
ASTM test methods listed in Table 8.

16.2 Tension test specimens shall be of the full section of
the tube and shall conform to the requirements of 6.9 of Test
Methods E 8, unless the limitations of the testing machine
preclude the use of such a specimen. Test specimens conform-
ing to type No. 1 of Fig. 12 of Test Methods E 8 may be used
when a full-section specimen cannot be tested.

16.3 Whenever different tension test results are obtained
from both full-size and from machined test specimens, the
results obtained from full-size test specimens shall be used to
determine conformance to the requirements of this specifica-
tion.

16.4 Tension test results on material covered by this speci-
fication are not seriously affected by variations in speed of
testing. A considerable range of testing speed is permissible;
however, the rate of stressing to the yield strength should not
exceed 100 ksi/min (690 MPa/min). Above the yield strength,
the movement per minute of the testing machine head under
load should not exceed 0.5 in./in. (0.5 mm/mm) of gage length
(or distance between grips for full-section specimens).

17. Significance of Numerical Limits

17.1 For purpose of determining compliance with the speci-
fied limits for requirements of the properties listed in Table 9,
an observed value or calculated value shall be rounded as
indicated in accordance with the rounding of Practice E 29.

18. Inspection

18.1 The manufacturer or supplier shall inspect and make
tests necessary to verify the product furnished conforms to the
requirements of this specification.

18.2 Source inspection of the product by the purchaser may
be agreed upon between the manufacturer or supplier and the
purchaser as part of the purchase order. In such cases, the
nature of facilities needed to satisfy the inspector representing
the purchaser that the product is bieng furnished in accordance
with specification shall be included in the agreement. All tests
and the inspection shall be conducted so as not to interfere
unnecessarily with the operation of the works.

18.3 The manufacturer or supplier and the purchaser may
conduct the final inspeciton simultaneously by mutual agree-
ment.

19. Rejection and Rehearing

19.1 Rejection:
19.1.1 Product that fails to conform to the requirements of

this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing.

19.1.2 In case of dissatisfaction with results of the test, the
producer or supplier may make claim for a rehearing.

19.2 Rehearing—As a result of product rejection, the manu-
facturer or supplier may make claim for a retest to be
conducted by the manufactuer or supplier and the purchaser.
Samples of the rejected product shall be taken in accordance
with Section 14 of this specification and subjected to test by
both parties using the test methods specified in this standard or,
alternatively, upon agreement of both parties, an independent
laboratory may be selected for the test(s) using the test
method(s) specified in the standard.

20. Certification

20.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been tested or inspected as directed in this
specification and requirements have been met. When specified
in the purchase order or contract, a report of the test results
shall be furnished.

21. Mill Test Report

21.1 When specified in the contract or purchase order, the
manufacturer or supplier shall furnish to the purchaser a test
report showing the results of tests required by this specifica-
tion.

22. Packaging and Package Marking

22.1 Packaging—The product shall be separated by size,

TABLE 8 Test Methods

Test ASTM Designation

Chemical analysis E 53, E62
Tension E 8 (see also Sections 17.2, 17.3, and 17.4)
Rockwell hardness E 18
Eddy current E 243

TABLE 9 Rounding Units

Property
Rounded Unit for Observed for Calculated

Value

Chemical composition nearest unit in the last right-hand place
figures of the specified limit

Hardness values nearest unit in the last right-hand place
figures of the specified limit

Tensile strength nearest ksi
Expansion nearest 1 %
Grain size:

Up to 0.055 mm, incl nearest multiple of 0.005 mm
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composition, and temper and prepared for shipment in such a
manner as to ensure acceptance by common carrier for
transportation at the lowest rate applicable and to afford
protection from the normal hazards of transportation.

22.2 Package Marking—Each shipping unit shall be legibly
marked with the purchase order number, metal or alloy
designation, size, gross and net weight, and name of supplier.
The specification number shall be shown when specified.

23. Product Marking

23.1 The name or trademark of the manufacturer and the
mark indicative of Type K or L shall be permanently (incised)
marked on each tube at intervals not greater than 11⁄2ft (0.46
m).

23.2 The tube shall be further identified throughout its
length by means of a continuous colored stripe, symbol, or logo

not less than3⁄16 in. (4.76 mm) in height, including a legend
repeated at intervals not greater than 3 ft (0.91 m). The legend
shall include the type of tube, name or trademark of the
manufacturer or both, and the country of origin. Other infor-
mation may be included at the option of the manufacturer.

23.3 The tube shall be marked with any of the following in
the color appropriate to the tube type: “OXY,”,“MED,” “OXY/
MED,” “OXY/ACR,” or “ACR/MED.” Colors used are green
for Type K and blue for Type L.

24. Keywords

24.1 ACR medical gas tube; copper tube; seamless; MED
medical gas tube; medical gas systems; OXY medical gas tube;
Type K medical gas tube; Type L medical gas tube

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue of B 819 - 95
that may impact the use of this standard.

(1) General revision throughout to comply with the Form and
Style for ASTM Standards, 10th edition.

(2) Sampling—Lot size has been changed to be consistent
with Specification B 251.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Designation: B 820 – 04

Standard Test Method for
Bend Test for Determining the Formability of Copper and
Copper Alloy Strip 1

This standard is issued under the fixed designation B 820; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This test method describes the technique of bend testing
copper and copper alloy strip samples to determine product
formability or the ability to resist cracking when forming a
bend around a specific radius. The criterion for failure is the
occurrence of cracks on the outer radius of curvature (convex).

1.2 This bend test is limited to strip from 0.003 to and
including 0.031 in. thick. (0.076 to and including 0.79 mm).

1.3 The size of the forming radii used in this test shall be
0.005 to 0.250 in. (0.127 to and including 6.35 mm).

1.4 Units—The values stated in inch-pounds are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units that are provided for
information only and are not considered standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standards form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:2

B 846 Terminology for Copper and Copper Alloys
E 6 Terminology Relating to Methods of Mechanical Test-

ing
E 290 Test Method for Semi-Guided Bend Test for Ductility

of Metallic Materials

3. Terminology

3.1 Definitions—For definitions of terms related to copper
and copper alloys, refer to Terminology B 846, and for
definitions of terms relating to mechanical testing, refer to
Terminology E 6.

3.2 Description of Terms Specific to This Standard:
3.2.1 bend, longitudinal (or good way bend)—a bend with

an axis perpendicular to the direction of rolling, drawing or
extrusion (see Fig. 1).

3.2.2 bend, transverse (or bad way bend)—a bend with an
axis on a plane parallel to the direction of rolling, drawing or
extrusion (see Fig. 1).

NOTE 1—The usage of these two terms is consistent with Test Method
E 290.

4. Summary of Test Method

4.1 The bend test is made by applying a force transversely
to the length of the specimen in the portion being bent, usually
at midlength. The 90° bending forces are applied through an
arrangement illustrated in Fig. 2, while 180° bending forces are
applied through an arrangement illustrated in Fig. 3. When
complete fracture does not occur, the convex surface of the
specimen is examined for cracks. In general, the test using a
180° bend angle is a more severe test than the test using a 90°
bend angle.

5. Significance and Use

5.1 This bend test provides information as to the formability
or the ability of copper and copper alloy strip to resist cracking
when being formed.

5.2 This test method can be used as a quality control tool to
determine if material will form to a given radius.

5.3 This test method is also useful in research and develop-
ment to provide data for use in selecting a spring material that
will safely form to the geometry of a given part.

5.4 The results are suitable for direct application in design
and manufacturing, only when all factors such as the geometry
of the part, punch and die design, lubrication, stamping speed,
and other material properties are known.

1 This test method is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.06 on
Methods of Test.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1992. Last previous edition approved in 1998 as B 820 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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*A Summary of Changes section appears at the end of this standard.
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6. Apparatus

6.1 Various devices are suitable for 90° or 180° bend
testing. The apparatus shall provide these features:

6.1.1 90° Bend Test Fixture—An illustration of this test
fixture is shown in Fig. 2. A specimen rests on a pair of pins,
rollers, or radiused flat supports; a pin, mandrel, or 90° V-block
punch of a given bend radius for applying the bending force
directly at the mid-length.

6.1.2 180° Bend Test Fixture—An illustration of this test
fixture is shown in Fig. 3. A specimen rests on a pair of pins,
rollers, or radiused flat supports; a pin, mandrel, or 180° punch
of a given bend radius for applying the bending force directly
at the mid-length. Dial indicators with a precision of 0.0005 in.
(0.013 mm) or better are necessary to accurately position the
two supports.

6.2 The radius of the single pin, mandrel, or punch applying
the bend force at the mid-length shall differ not more than
+5 % from the nominal value.

6.3 The length of all pins, rolls, mandrels, and radius flats
must exceed the width of the specimen; they must be strong
enough and sufficiently rigid to resist significant deformation.

7. Test Specimens

7.1 Five specimens are required for this test.

7.2 The test specimens may be prepared by cutting, shear-
ing, or stamping.

7.3 The test specimens shall have a width of1⁄2 6 1⁄16 in.
(12.76 1.57 mm) and of any convenient length greater than1⁄2
in. (12.7 mm) unless specified otherwise by purchaser.

7.4 Direction of Specimen:
7.4.1 The bending characteristics of a metal vary with the

orientation of the bends to the direction of rolling. A longitu-
dinal or good way bend will take a sharper bend radius than a
transverse bend. This characteristic becomes more pronounced
as the metal thickness increases.

7.4.2 In a longitudinal (good way bend) specimen, its length
shall be parallel to the direction of rolling as indicated in Fig.
1.

7.4.3 In a transverse bend (bad way bend) specimen, its
length shall be perpendicular to the direction of rolling as
indicated in Fig. 1.

7.4.4 Unless stated otherwise, the length and width of
rectangular specimens shall be in the plane of the two major
dimensions of the product.

7.5 The specimen thickness shall be measured using a
micrometer with a precision of 0.0001 in. (0.00254 mm).

8. Procedure

8.1 Direction of Test—All tests shall be performed with the
axis of the bend at 90° to the specimen length.

8.2 90° Bend Test:
8.2.1 Place the specimen between the supports and apply

the bend force until the angle of bend reaches 90°. Release the
force and examine the specimen.

8.3 180° Bend Test:
8.3.1 Adjust the specimen supports using the dial indicators.

Move each support away from the test punch center line (fully
closed position) by a distance equal to twice the strip thickness
plus the punch radius, plus 0.0005 in. (0.013 mm).

8.3.2 Place the specimen between the supports and apply
the bend force until an the angle of bend reaches 180°. Release
the force and examine the specimen.

8.4 Pass/Fail Criterion—To pass either the 90° or 180°
bend test, all five specimens shall not exhibit any cracks when
examined at a magnification of 303. (The appearance of
orange peel or roughened surface does not constitute a crack.)
Metallographic cross-section shall be used as a referee method,
examining at 1503 magnification.

9. Report

9.1 The results shall be reported as a minimum bend ratio
(smallest passing bend test radius/strip thickness). It shall be
referenced with the degree of bend (90° or 180°) and test
direction (longitudinal or transverse).

10. Retest

10.1 If one out of the five test specimens fails, a retest is
permitted. If more than one specimen fails, no retesting is
permitted.

10.2 A retest requires an additional five test specimens. All
of these specimens must pass the bend test.

FIG. 1 Direction of Bending

FIG. 2 V-Block and Punch for 90° Bend Test

FIG. 3 Fixture for 180° Bend Test
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11. Precision and Bias

11.1 No information is presented about either precision or
bias of Test Method B 820 for measuring formability of copper
alloy spring material since the test result is nonquantitative.

12. Keywords

12.1 bend radius; bend test; copper and copper alloy strip;
formability test; fracture; longitudinal bend; mandrel; trans-
verse bend

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 820 – 98)
that may impact the use of this standard. (Approved May 1, 2004.)

(1) Changed title and scope.
(2) Increased the microscope’s magnification from 10 to 303
when examining the test specimens.

(3) Added more keywords.

(4) Made editorial changes consistent with a 5-year review.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 824 – 04

Standard Specification for
General Requirements for Copper Alloy Castings 1

This standard is issued under the fixed designation B 824; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification establishes general requirements com-
mon to ASTM copper alloy casting specifications B 22, B 61,
B 62, B 66, B 67, B 148, B 176, B 271, B 369, B 427, B 505,
B 584, B 763, B 770, and B 806. These requirements apply to
the casting specifications to the extent referenced therein.

1.1.1 In the event of conflict between this specification and
a casting specification, the requirements of the casting speci-
fication shall take precedence.

1.2 The chemical composition and other requirements not
included in this specification shall be prescribed in the casting
product specifications.

1.3 Units—The values stated in inch-pound units are the
standard. The values given in parentheses are mathematical
conversions to SI units, which are provided for information
only and not considered standard.

1.4 No precise quantitative relationship can be stated be-
tween the properties of the metal in various locations of the
same casting or between the properties of castings and those of
a test bar casting from the same metal. (See Appendix X1.)2

2. Referenced Documents

2.1 The following documents, of the issue in effect on date
of casting purchase, form, part of this specification to the extent
referenced herein:

2.2 ASTM Standards:3

B 22 Specification for Bronze Castings for Bridges and
Turntables

B 61 Specification for Steam or Valve Bronze Castings
B 62 Specification for Composition Bronze or Ounce Metal

Castings

B 66 Specification for Bronze Castings for Steam Locomo-
tive Wearing Parts

B 67 Specification for Car and Tender Journal Bearings,
Lined4

B 148 Specification for Aluminum-Bronze Sand Castings
B 176 Specification for Copper-Alloy Die Castings4

B 194 Specification for Copper-Beryllium Alloy Plate,
Sheet, Strip, and Rolled Bar

B 208 Practice for Preparing Tension Test Specimens for
Copper-Base Alloys for Sand, Permanent Mold, Centrifu-
gal, and Continuous Castings

B 271 Specification for Copper-Base Alloy Centrifugal
Castings

B 369 Specification for Copper-Nickel Alloy Castings
B 427 Specification for Gear Bronze Alloy Castings
B 505/B 505M Specification for Copper Alloy Continuous

Castings
B 584 Specification for Copper Alloy Sand Castings for

General Applications
B 763 Specification for Copper Alloy Sand Castings for

Valve Application
B 770 Specification for Copper-Beryllium Alloy Sand Cast-

ings for General Applications
B 806 Specification for Copper Alloy Permanent Mold

Castings for General Applications
B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 54 Test Methods for Chemical Analysis of Special

Brasses and Bronzes4

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Method)

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys4

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition

E 478 Test Methods for Chemical Analysis of Copper
Alloys

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.05 on
Castings and Ingots for Remelting.

Current edition approved May 1, 2004. Published June 2004. Originally
approved in 1992. Last previous edition approved in 2002 as B 824 – 02.

2 ForASME Boiler and Pressure Vessel Codeapplication see related specification
in Section II of that code.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website. 4 Withdrawn.

1

*A Summary of Changes section appears at the end of this standard.
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E 581 Test Methods for Chemical Analysis of Manganese-
Copper Alloys

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

4. Materials and Manufacture

4.1 Manufacture—Mechanical properties of Copper Alloy
UNS Nos. C94700, C95300, C95400, C95410, C95500,
C95520, and C96800 can be changed by heat treatment.
Suggested heat treatments are given in the casting specifica-
tions containing these alloys.

5. Chemical Composition

5.1 The casting material shall conform to the chemical
requirements of the casting product specification involved.

5.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

6. Mechanical Property Requirements

6.1 When tension testing is required by the casting product
specification, the results shall conform to the requirements of
that specification, when tested in accordance with Test Meth-
ods E 8.

7. Other Requirements

7.1 Hydrostatic Test—When specified in the purchase order,
a hydrostatic test shall be performed on the castings. The
details of the test and acceptance criteria shall be established by
agreement between the manufacturer and the purchaser.

7.2 Soundness—When specified in the purchase order, cast-
ings shall meet soundness requirements furnished or referenced
by the purchaser. In the absence of standards for soundness, the
requirement shall be as agreed upon between the manufacturer
and the purchaser.

8. Dimensions, Mass, and Permissible Variations

8.1 The manufacturer shall be responsible for conforming to
the dimensional requirements of the castings as related to the
drawing when the pattern equipment is produced by the
manufacturer.

8.2 When the pattern equipment is provided by the pur-
chaser, the manufacturer shall be responsible for conforming to
the dimensional requirements of the castings, but with any
mutually agreed to exceptions relating to the provided pattern
equipment.

8.3 Where thick and thin sections of the casting adjoin, the
manufacturer shall be permitted to add fillets of adequate size,
where not previously provided, subject to approval of the
purchaser.

9. Workmanship, Finish, and Appearance

9.1 The surface of the casting shall be free of adhering sand,
cracks, and hot tears. Other surface discontinuities shall meet
visual acceptance standards agreed upon between the manu-
facturer and the purchaser.

10. Sampling

10.1 Lot—A lot shall consist of: (1) all of the metal poured
from a single furnace or crucible melt, or (2) all the metal
poured from two or more furnaces into a single ladle, or (3) all
of the metal poured from a continuous melting furnace between
charges, or (4) all of the metal poured from an individual
melting furnace or group of melting furnaces having a uniform
melting stock, operating during the course of one-half shift, not
to exceed 5 h.

10.2 Chemical Analysis:
10.2.1 The sample for chemical analysis shall be taken in

accordance with Practice E 255 for product in the final form
from the pieces selected in 10.1 and combined into one
composite sample. The minimum weight of the composite
sample shall be 150 g.

10.2.2 Instead of sampling as directed in 10.2.1, the manu-
facturer shall have the option of sampling at the time castings
are poured or from the semifinished product. When samples are
taken during the course of manufacture, sampling of the
finished product by the manufacturer is not required. The
number of samples taken for the determination of composition
shall be as follows:

10.2.2.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured from the same source of molten metal.

10.3 Tension-test bars used in meeting the requirements of
6.1 shall be separately cast for the sand, permanent mold, and
centrifugal casting processes. The results represent the proper-
ties of the metal going into castings poured from the same heat.
The mechanical properties may not be the same as the
properties of the corresponding castings because of the solidi-
fication effects of varying size, section, and design. Test bars
for continuous castings are taken from the castings and
therefore represent the properties of the casting.

10.3.1 When the requirements of 6.1 have been complied
with using separately cast test bars, additional tests may be
performed using test bars removed from the casting with test
bar location and mechanical properties agreed upon between
the manufacturer and the purchaser. It should be noted that the
minimum requirements, listed in applicable specifications,
were obtained using data from separately cast coupons. Test
specimens machined from castings may not achieve these
results.

11. Number of Tests and Retests

11.1 Tests:
11.1.1 A chemical analysis of each element with a specified

limiting value shall be made on each lot. Chemical analysis for
residual elements is not required unless specified in the
purchase order.

11.1.2 One tension test shall be performed on each lot.
11.1.3 Should the percent elongation of any tensile-test

specimen be less than that specified and any part of the fracture
is outside the middle two-thirds of the gage length or in a
punched or scribed mark within the reduced section, the
specimen may be discarded and replaced by another from the
same lot.

B 824 – 04

2



11.1.4 If the result of any test fails to conform to the
specified requirements, two retests shall be performed. If either
retest fails to meet the specified requirements, the lot shall be
rejected.

11.1.5 Should any of the properties be less than that
specified and there is a discontinuity in the cross-sectional area
of the fracture, the specimen may be discarded and replaced by
another of the same lot.

11.2 Retests:
11.2.1 When requested by the manufacturer, a retest shall be

permitted when test results obtained by the purchaser fail to
conform to the casting specification requirements.

11.2.2 Retesting shall be as prescribed in the casting speci-
fication for the initial test, except the number of test specimens
shall be twice that normally required for the test. Test results
for all specimens shall comply with the casting specification
requirements. Failure to comply shall be cause for rejection.

11.2.3 Chemical Analysis—If one or more of the elements
with specified limits fail to meet the compositional requirement
of the product specification when determined from the sample
prepared in accordance with Practice E 255, one retest cycle
shall be permitted with a second composite sample prepared in
accordance with Practice E 255.

12. Specimen Preparation

12.1 The specimen for chemical analysis shall be taken
from the lot in such a manner as to avoid contamination and be
representative of the molten metal. Sample preparation shall be
in accordance with Practice E 255. Analytical specimen prepa-
ration shall be the responsibility of the reporting laboratory.

12.2 Tension-test specimens shall be prepared in accordance
with Practice B 208.

12.2.1 If any specimen is machined improperly or if flaws
are revealed by machining or during testing, the specimen shall
be discarded and replaced by another from the same lot.

13. Test Methods

13.1 Chemical Composition:
13.1.1 The chemical analysis methods used for the routine

determination of specification compliance and preparation of
test reports shall be at the discretion of the laboratory perform-
ing the analysis.

13.1.2 In case of disagreement on chemical composition,
referee analytical methods for copper alloys other than copper-
beryllium alloys (Specification B 770) are given in Table 1.
Referee analytical methods for copper-beryllium alloys are
given in the Annex of Specification B 194.

13.1.3 The determination of magnesium, niobium, zirco-
nium, and titanium, for which no recognized test method is
known to be published, shall be subject to agreement between
the manufacturer and the purchaser.

13.1.4 Analytical methods for elements with ranges beyond
those given in Table 1 shall be subject to agreement between
the manufacturer and the purchaser.

13.1.5 Anayltical methods for the determination of elements
required by the purchase order agreement shall be as agreed
upon between the manufacturer and the purchaser.

13.2 Mechanical Properties:

13.2.1 Tension testing shall be performed in accordance
with Test Methods E 8.

14. Significance of Numerical Limits

14.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Property Rounded Limit for Observed or
Calculated Value

Chemical Composition
Hardness
Electrical Resistivity
Electrical Conductivity

nearest unit in the last right-hand
significance digit used in expressing
the limiting value

Tensile Strength
nearest ksi (5 MPa)

Yield Strength

Elongation nearest 1 %

Grain Size:
Under 0.060 mm nearest multiple of 0.005 mm
0.060 mm and over nearest 0.01 mm

15. Inspection

15.1 The manufacturer shall inspect and make tests neces-
sary to verify that the product furnished conforms to the
specified requirements.

15.2 The purchaser may have a representative inspect or
witness the inspection and testing of the material prior to
shipment. Such an arrangement shall be made by the purchaser
and the manufacturer as part of the purchase order. When such
inspection or witness of inspection and testing is agreed upon,
the manufacturer shall afford the purchaser’s representative all
reasonable facilities necessary to confirm that the product
meets the requirements of the purchase order. The purchaser’s

TABLE 1 Referee Chemical Analytical Methods

Element Range or % max Test Methods

Aluminum (Al) 0.005–13.5 E 478
Antimony (Sb) 0.05-0.70 E 62
Arsenic (As) 0.0-0.50 E 62
Carbon (C) 0.0-0.50 E 76
Copper (Cu) 50.0-99.75 E 478
Iron (Fe) 0.003-1.25

0.0-5.0
E 478
E 54

Lead (Pb) 0.002-15.0
2.0-30.0

E 478;
Atomic Absorption

E 478; Titrimetric
Manganese (Mn) 0.10-12.0

12.0-23.0
E 62
E 581

Nickel (Ni)
(incl Colbalt (Co))

0.0-5.0 E 478; Photometric

Phosphorus (P) 0.01-1.0 E 62
Silicon (Si) 0.005-5.50 E 54;

Perchloric Acid
Dehydration

Sulfur (S) 0.05-0.08 E 76: Direct
Combustion

Tin (Sn) 0.01-1.0
0.50-20.0

E 478; Photometric
E 478; Titrimetric

Zinc (Zn) 0.02-2.0
2.0-40.0

E 478; Atomic
Absorption

E 478; Titrimetric
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inspection and tests shall be conducted in such a manner that
they will not interfere unnecessarily with the manufacturer’s
operation.

16. Rejection and Rehearing

16.1 Rejection:
16.1.1 Castings that fail to comply with the requirements of

the casting product specification, when tested by the purchaser,
may be rejected.

16.1.2 Rejection shall be reported to the manufacturer
promptly and in writing.

16.1.3 In case of disagreement or dissatisfaction with the
results of the test upon which rejection was based, the
manufacturer or supplier may make claim for a rehearing.

16.2 Rehearing:
16.2.1 As a result of casting rejection, the manufacturer or

supplier may make claim for retesting to be conducted by the
manufacturer or supplier and the purchaser. Samples of the
rejected castings shall be taken in accordance with the casting
specification and Practice E 255 and tested by both parties in
accordance with the casting specification, or alternatively, upon
agreement between the manufacturer or supplier and the
purchaser, an independent laboratory may be selected to
perform the test prescribed in the casting specification. The
number of specimens to be retested shall be as given in 11.2.

17. Certification

17.1 When specified in the purchase order, a manufacturer’s
certificate of compliance shall be furnished to the purchaser
stating that samples representing each lot have been tested and
inspected in accordance with the material specification and that
the requirements have been met.

18. Test Report

18.1 When specified in the purchase order, the manufacturer
or supplier shall furnish to the purchaser a manufacturer’s test
report showing the results of the required tests, including
chemical analysis.

19. Product Marking

19.1 Castings shall be marked as shown on the drawing or
as prescribed in the purchase order.

19.2 When specified in the purchase order, the castings shall
be marked with the manufacturer’s name or identifying mark
and pattern number or mark at a location on the casting where
it will not be removed in machining to finished dimensions.

19.3 The marking of lot identification numbers shall be
agreed upon between the manufacturer and the purchaser.

19.4 Castings containing bismuth or bismuth-selenium ad-
ditives shall be marked with the identification BI or B
depending on available space. This marking shall be at a
location on the casting so as not to affect the usefulness of the
casting and where it will not be removed during machining
while concurrently enabling scrap castings to be segregated
and prevented from entering the unregulated scrap metal
stream.

20. Packaging and Package Marking

20.1 The material shall be separated by size, composition,
and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation.

20.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, gross and net weight, and name of supplier. The specifi-
cation number shall be shown, when specified in the purchase
order.

21. Keywords

21.1 copper alloy castings; copper-base alloy castings; UNS
No. C94700; UNS No. C95300; UNS No. C95400; UNS No.
C95410; UNS No. C95500; UNS No. C95520; UNS No.
C96800

SUPPLEMENTARY REQUIREMENTS

Supplementary requirements S1 to S4 shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 ASTM Standard:
B 900 Practice for Packaging of Copper and Copper Alloy

Mill Products for U.S. Government Agencies
S1.1.2 Federal Standards:5

Fed. Std. No. 102 Preservation, Packaging, and Packaging
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.3 Military Standard:5

MIL-STD-129 Marking for Shipment and Storage
S1.1.4 Military Specification:5

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the

5 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to ensure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:

S4.1.1 Military Agencies—The material shall be separated
by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, packed Level A, B or C, as specified
in the contract or purchase order, in accordance with the
requirements of Practice B 900.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIXES

(Nonmandatory Information)

X1. MECHANICAL PROPERTIES OF COPPER ALLOY CASTINGS

X1.1 The mechanical properties of copper alloy castings
are influenced by the cooling rate during and after solidifica-
tion, by chemical composition, by heat treatment, by the design
and nature of the mold, by the location and effectiveness of
gates and risers, and by certain other factors.

X1.2 The cooling rate in the mold and, therefore, the
properties developed in any particular casting section are

influenced by the presence of cores, chills, and chaplets;
changes in section thickness; and the existence of bosses,
projections, and intersections, such as junctions of ribs and
bosses. Because of the interactions of these factors, no precise
quantitative relationship can be stated between the properties
of the metal in various locations of the same casting or between
the properties of a casting and those of a separately cast test
bar.

X2. METRIC EQUIVALENTS

X2.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which, when applied to a body having a mass of one
kilogram, gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 824 – 02)
that may impact the use of this standard. (Approved May 1, 2004.)

(1) Revised Sections 10 and 11 to agree with Practice B 208.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
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United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
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Designation: B 828 – 02

Standard Practice for
Making Capillary Joints by Soldering of Copper and Copper
Alloy Tube and Fittings 1

This standard is issued under the fixed designation B 828; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This practice describes a procedure for making capillary
joints by soldering of copper and copper alloy tube and fittings.

1.2 This procedure is applicable to pressurized systems such
as plumbing, heating, air conditioning, refrigeration, mechani-
cal, fire sprinkler, and other similar systems. ASME B31.5 and
B31.9 reference the techniques used for satisfactory joint
preparation. It is also used in the assembly of nonpressurized
systems such as drainage, waste, and vent.

1.3 It is not applicable to the assembly of electrical or
electronic systems.

1.4 Tube and fittings are manufactured within certain toler-
ances to provide for the small variations in dimensions
associated with manufacturing practice. Applicable specifica-
tions are listed in Appendix X1.

1.5 A variety of solders are available that will produce
sound, leak-tight joints. Choice of solder will depend upon the
type of application and on local codes. For potable water
systems, only lead-free solders shall be used, some of which
are described in Specification B 32.

1.6 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information purposes only.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.For hazard state-
ments, see the warning statements in 6.4.1, 6.6.1, and 6.6.3.

2. Referenced Documents

2.1 ASTM Standards:
B 32 Specification for Solder Metal2

B 68 Specification for Seamless Copper Tube, Bright An-
nealed3

B 68M Specification for Seamless Copper Tube, Bright
Annealed [Metric]3

B 75 Specification for Seamless Copper Tube3

B 75M Specification for Seamless Copper Tube [Metric]3

B 88 Specification for Seamless Copper Water Tube3

B 88M Specification for Seamless Copper Water Tube
[Metric]3

B 280 Specification for Seamless Copper Tube for Air
Conditioning and Refrigeration Field Service3

B 306 Specification for Copper Drainage Tube (DWV)3

B 447 Specification for Welded Copper Tube3

B 640 Specification for Welded Copper and Copper Alloy
Tube for Air Conditioning and Refrigeration Service3

B 641 Specification for Seamless and Welded Copper Dis-
tribution Tube (Type D)4

B 716 Specification for Welded Copper Water Tube5

B 716M Specification for Welded Copper Water Tube [Met-
ric]5

B 813 Specification for Liquid and Paste Fluxes for Solder-
ing Applications of Copper and Copper Alloy Tube3

B 846 Terminology for Copper and Copper Alloys3

2.2 Other Documents:
ASME B31.5 Refrigeration Piping6

ASME B31.9 Building Services Piping6

ASME B16.18 Cast Copper Alloy Solder Joint Pressure
Fittings6

ASME B16.22 Wrought Copper and Copper Alloy Solder
Joint Pressure Fittings6

ASME B16.23 Cast Copper Alloy Solder Joint Drainage
Fittings—DWV6

ASME B16.29 Wrought Copper and Copper Alloy Solder
Joint Drainage Fittings—DWV6

ANSI/ASC Z49.1 Safety in Welding and Cutting7

3. Terminology

3.1 For terms related to copper and copper alloys, refer to
Terminology B 846 for terms specific to this practice.

1 This practice is under the jurisdiction of ASTM Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe and
Tube.

Current edition approved Oct. 10, 2002. Published November 2002. Originally
approved as B 828 – 92. Last previous edition B 828 – 00.

2 Annual Book of ASTM Standards,Vol 02.04.
3 Annual Book of ASTM Standards,Vol 02.01.

4 Discontinued—see1996 Annual Book of ASTM Standards, Vol 02.01.
5 Discontinued—see1993 Annual Book of ASTM Standards, Vol 02.01.
6 Available from American Society of Mechanical Engineers (ASME), ASME

International Headquarters, Three Park Ave., New York, NY 10016-5990.
7 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,

4th Floor, New York, NY 10036.

1

*A Summary of Changes section appears at the end of this standard.
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3.2 Definition:
3.2.1 soldering—a group of joining processes that produce

coalescence of materials by heating them to the soldering
temperature and by using a filler metal (solder) having a
liquidus not exceeding 840°F (450°C) and below the solidus of
the base metals.8

3.2.1.1 Discussion—In actual practice, most soldering is
done at temperatures from about 350 to 660°F (177 to 349°C).

4. Summary of Practice

4.1 To consistently make satisfactory joints, the following
sequence of joint preparation and operations shall be followed:

(1) measuring and cutting,
(2) reaming,
(3) cleaning,
(4) fluxing,
(5) assembly and support,
(6) heating,
(7) applying the solder, and
(8) cooling and cleaning.

5. Significance and Use

5.1 The techniques described herein are used to produce
leak-tight soldered joints between copper and copper alloy tube
and fittings, either in shop operations or in the field. Skill and
knowledge on the part of the operator or mechanic are required
to obtain a satisfactorily soldered joint.

6. Procedure

6.1 Measuring and Cutting:
6.1.1 Accurately measure the length of each tube segment

(Fig. 1) to ensure joint quality. If the tube is too short, it will not
reach all the way into the cup of the fitting and a proper joint
cannot be made. If the tube segment is too long, the possibility
exists that system strain that negatively affects service life will
be introduced.

6.1.2 Cut the tube to the measured lengths using tools that
provide a square cut, for example, a disk-type tube cutter (Fig.
2), a hacksaw, an abrasive wheel, or with a stationary or
portable band saw. Avoid deforming the tube during cutting.
Regardless of method, the cut shall be made square with the
run of the tube, so that the tube will seat properly in the fitting
cup.

6.2 Reaming:
6.2.1 Ream all cut tube ends to the full inside diameter of

the tube to remove the small burr created by the cutting
operation. Failure to remove this rough edge by reaming is a
leading cause of erosion-corrosion that occurs as a result of
local turbulence and increased local flow velocity in the tube.
A properly reamed piece of tube provides a smooth surface for
better flow.

6.2.2 Remove any burrs on the outside of the tube ends
created by the cutting operation to ensure proper entrance of
the tube into the fitting cup.

6.2.3 Tools used to ream tube ends include the reaming
blade on the tube cutter, half-round or round files (Fig. 3), a
pocket knife (Fig. 4), and a suitable deburring tool (Fig. 5).
With soft (annealed) tube, care must be taken not to deform the
tube end by applying too much pressure.

6.2.4 Soft temper tube, if deformed, shall be brought back to
its proper roundness and dimensions with a sizing tool. This
tool consists of a plug and sizing ring.

6.3 Cleaning:
6.3.1 Clean all oxides and surface soil from the tube ends

and fitting cups. The removal of all oxides and surface soil is
crucial to proper flow of solder metal into the joint. Unremoved
oxides, surface soil, and oils will interfere with capillary
action, lessen the strength of the joint, and cause failure.

6.3.2 Lightly abrade the tube ends using sand cloth (Fig. 6)
or nylon abrasive pads (Fig. 7) for a distance slightly more than
the depth of the fitting cups.

6.3.3 Clean the fitting cups by using abrasive cloth, abrasive
pads (Fig. 8), or a properly sized fitting brush (Fig. 9).

6.3.4 The capillary space between tube and fitting is ap-
proximately 0.004 in. (0.1 mm). Solder metal fills this gap by
capillary action. This spacing is critical for the solder metal to8 American Welding Society Welding Handbook, Welding Processes, 8th ed., Vol

2, American Welding Society, 550 N.W. LeJeune Rd., Miami, FL 33126.

FIG. 1 Measuring FIG. 2 Cutting
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flow into the gap and form a strong joint. Copper is a relatively
soft metal. Removal of too much material from the tube end or
fitting cup will result in a loose fit and interfere with satisfac-
tory capillary action in making the joint.

6.3.5 If chemical cleaning is used, the tube ends and fittings
shall be thoroughly rinsed after cleaning in accordance with the
recommended procedure furnished by the manufacturer of the

FIG. 3 Reaming: File

FIG. 4 Reaming: Pocket Knife

FIG. 5 Reaming: Deburring Tool

FIG. 6 Cleaning: Sand Cloth

FIG. 7 Cleaning: Abrasive Pad

FIG. 8 Cleaning: Abrasive Pad
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cleaner. Do not touch the cleaned surface with bare hands or
oily gloves. Skin oils, lubricating oils, and grease impair solder
metal.

6.4 Applying Flux:
6.4.1 Use a flux that will dissolve and remove traces of

oxide from the cleaned surfaces to be joined, protect the
cleaned surfaces from reoxidation during heating, and promote
wetting of the surfaces by the solder metal, as recommended in
the general requirements of Specification B 813. Apply a thin
even coating of flux with a brush to both tube and fitting as
soon as possible after cleaning (Figs. 10 and 11).
(Warning—Do not apply with fingers. Chemicals in the flux
are potentially harmful if carried to the eyes or open cuts.)

6.4.2 Use care in applying flux. Flux residue inside the tube
has been known to cause corrosion and perforation of the tube
and/or fitting wall long after the system has been installed.

6.5 Assembly and Support:
6.5.1 Insert tube end into fitting cup, making sure that the

tube seats against the base of the fitting cup (Fig. 12). A slight
twisting motion ensures even coverage by the flux. Remove
excess flux from the exterior of the joint with a cotton rag (Fig.
13).

6.5.2 Support the tube and fitting assembly to ensure a
uniform capillary space around the entire circumference of the
joint. Uniformity of capillary space will ensure good molten
solder metal capillary flow (Fig. 14). Susceptibility to solder

FIG. 9 Cleaning: Fitting Brush

FIG. 10 Fluxing: Tube

FIG. 11 Fluxing: Fitting

FIG. 12 Assembly

FIG. 13 Removing Excess Flux
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metal cracking under conditions of stress or vibration is
increased in joints with excessive joint clearance.

6.5.3 The joint is now ready for soldering. Joints prepared
and ready for soldering shall be completed the same day and
not left unfinished overnight.

6.6 Heating:
6.6.1 (Warning—When dealing with an open flame, high

temperatures and flammable gases, safety precautions must be
observed as described in ANSI/AWS Z49.1.) Begin heating
with the flame perpendicular to the tube (Fig. 15). The copper
tube conducts the initial heat into the fitting cup for even
distribution of heat in the joint area. The extent of this
preheating depends upon the size of the joint. Experience will
indicate the amount of time needed.

6.6.2 Next, move the flame onto the fitting cup (Fig. 16).
6.6.3 Then alternate the flame from the fitting cup back onto

the tube a distance equal to the depth of the fitting cup. With
the torch at the base of the fitting cup touch the solder to the
joint. If the solder does not melt, remove it and continue the
heating process. (Warning—Care must be taken not to over-
heat the joint or to direct the flame into the face of the fitting
cup. Overheating the flux will destroy its effectiveness and not
allow the solder to enter the joint properly.)

6.6.4 When the melting temperature of the solder has been
reached, apply heat to the base of the cup to aid capillary action
in drawing the molten solder into the cup towards the heat
source.

6.6.5 Heat is generally applied using an air/fuel torch (Fig.
17). Such torches use acetylene or liquefied petroleum (LP)
gas. Electric resistance soldering tools (Fig. 18), which use
heating electrodes are an alternative when use of an open flame
is a concern (see 6.6.1).

6.7 Applying Solder:
6.7.1 For joints in a horizontal position, start applying the

solder metal slightly off-center at the bottom of the joint (Figs.
19 and 20). Proceed across the bottom of the fitting and up to
the top center position. Return to the point of beginning,
overlap the starting point, and then proceed up the incompleted
side to the top, again, overlapping the solder metal.

6.7.2 For joints in the vertical position, make a similar
sequence of overlapping passes starting wherever it is conve-
nient.

FIG. 14 Desirable Joint Configuration

FIG. 15 Preheating: Tube

FIG. 16 Preheating: Fitting

FIG. 17 Heating: Air/Fuel Torch
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6.7.3 Solder joints depend on capillary action drawing
free-flowing molten solder into the narrow clearance between
the fitting and the tube. Molten solder metal is drawn into the
joint by capillary action regardless of whether the solder metal
is being fed upward, downward, or horizontally.

6.7.4 Flux, applied first, acts as a cleaning and wetting agent
and, when properly applied, permits uniform spreading of the
molten solder over the surfaces to be joined. Capillary action is
most effective when the space between the surfaces to be
joined is between 0.002 and 0.005 in. (0.05 to 0.125 mm).

6.8 Cooling and Cleaning:
6.8.1 Allow the completed joint to cool naturally. Shock

cooling with water will cause unnecessary stress on the joint.
When cool, clean off any remaining flux residue with a wet rag
(Fig. 21).

7. Testing

7.1 Test all completed assemblies for joint integrity. Follow
testing procedure prescribed by applicable codes governing the
intended service.

8. Keywords

8.1 assembly; capillary; cleaning; cooling; copper; corrosiv-
ity; fittings; flux; heating; reaming; soldering

FIG. 18 Electric Resistance Hand Tools Suitable for Soldering
Copper Tube

FIG. 19 Soldering

FIG. 20 Schematic of Solder Joint in Horizontal Position

FIG. 21 Cleaning
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APPENDIX

(Nonmandatory Information)

X1. TUBE AND FITTINGS DIMENSIONS AND TOLERANCES

X1.1 For dimensions and tolerances for tube and fittings for
plumbing, heating, air conditioning, refrigeration, mechanical,
fire sprinkler and drainage, waste and vent systems, refer to the
specifications listed in Table X1.1 and Table X1.2.

TABLE X1.1 Tube Specifications

ASTM Specifications Size Range Application

B 68 1⁄32–10 in., incl General engineering
B 68M 0.8–250 mm, incl General engineering
B 75 1⁄32–10 in., incl General engineering
B 75M 0.8–250 mm, incl General engineering
B 88 1⁄4–12 in., incl General plumbing/water
B 88M 6–308 mm, incl General plumbing/water
B 280 1⁄8–41⁄8 in., incl Air conditioning and refrigeration
B 306 11⁄4–8 in., incl Drainage, waste and vent
B 447 1⁄4–31⁄2 in., incl General engineering
B 640 1⁄8–41⁄8 in., incl Air conditioning and refrigeration
B 641 1⁄4–3 in., incl General engineering
B 716 1⁄4–12 in., incl General plumbing/water
B 716M 6–308 mm, incl General plumbing/water

TABLE X1.2 Fitting Specifications

ASME/ANSI Size Range Application

B16.18 1⁄4–12 in., incl General plumbing/water
B16.22 1⁄8–8 in., incl General plumbing/water

Air conditioning and refrigeration, sprinkler
B16.23 11⁄4–8 in., incl Drainage, waste and vent
B16.29 11⁄4–4 in., incl Drainage, waste and vent
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 828 – 00)
that may impact the use of this standard.

(1) Sections 6.1.1, 6.2.1, and 6.3.1 have been modified to
replace nonmandatory language with mandatory language.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 837 – 01

Standard Specification for
Seamless Copper Tube for Natural Gas and Liquified
Petroleum (LP) Gas Fuel Distribution Systems 1

This standard is issued under the fixed designation B 837; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification establishes the requirements for Type
GAS seamless Copper UNS No. C12200 tube for use in above
ground natural gas and liquified petroleum (LP) gas fuel
distribution systems, commonly assembled with flared fittings
or brazed joints.

1.2 O60 (soft annealed) temper gas tube is produced in the
range of standard sizes3⁄8– to 7⁄8–in. outside diameter; H58
(drawn general purpose) temper gas tube is produced in the
range of standard sizes3⁄8– to 11⁄8–in. outside diameter.

1.3 O60 (soft annealed) temper gas tube systems are nor-
mally assembled with single 45° flared fittings, although
brazed connections using wrought or cast fittings may be
permitted by local or code requirements. H58 (drawn general
purpose) temper gas tube systems are assembled with brazed
connections.

NOTE 1—Tube temper and applicable size are determined by installa-
tion code requirements.

1.4 Flared fittings used with seamless copper tube for
natural gas and liquified petroleum (LP) gas fuel distribution
systems shall be free of residual stresses.

1.5 The values stated in inch-pound units are standard. SI
values given in parentheses are for information only.

2. Referenced Documents

2.1 ASTM Standards:
B 153 Test Method for Expansion (Pin Test) of Copper and

Copper-Alloy Pipe and Tubing2

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 3 Practice for Preparation of Metallographic Specimens3

E 8 Test Methods for Tension Testing of Metallic Materials3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry5

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)5

E 112 Test Methods for Determining Average Grain Size3

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes6

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition5

3. Terminology

3.1 For general definitions of terms relating to copper and
copper alloys, refer to Terminology B 846.

3.2 Definitions:
3.2.1 coil, n—a length of tube formed into a series of

connected turns. The unqualified term “coil” as applied to tube
usually refers to a bunch coil.

3.2.1.1 coil, bunched, n—a coil in which turns are bunched
and held together such that a cross section of the bunched turns
is approximately circular.

3.2.1.2 coil, double-layer flat, n—a coil in which the prod-
uct is spirally wound into two connected disk-like layers such
that one layer is on top of the other (a double-layer pancake
coil or a double-layer spirally wound coil).

3.2.1.3 coil, level or traverse wound, n—a coil in which the
turns are wound into layers parallel to the axis of the coil such
that successive turns in a given layer are adjoining one another
(sometimes called a helical coil).

3.2.1.4 coil, single-layer flat, n—a coil in which the product
is spirally wound into a single disk-like layer (a pancake coil or
a single-layer spirally wound coil).

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 10, 2001. Published December 2001. Originally
published as B 837 – 93. Last previous edition B 837 – 95.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.

4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.03.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



3.2.2 liquified petroleum (LP) gas, n—any of the following
hydrocarbons or mixtures of them: propane, propylene, butane
(normal butane or isobutane) and butylene.

3.2.3 tube, gas, n—tube specifically intended for use in
above ground and natural gas and liquified petroleum gas fuel
distribution systems and conforming to the particular dimen-
sions known as Type GAS.

3.3 Definitions of Terms Specific to This Standard:
3.3.1 “capable of”, adj—as used in this specification the

test need not be performed by the producer of the material to
confirm capability. However, should subsequent testing by the
purchaser establish that the material did not conform to the
requirements of this specification, the material shall be subject
to rejection.

4. Ordering Information

4.1 Include the following information in orders for product.
4.1.1 Type GAS tube (Table 1),
4.1.2 Standard size (Table 1),
4.1.3 Temper (Sections 5 and 7),
4.1.4 Whether tension tests, Rockwell Hardness tests, and

grain size determinations are required (Section 8),
4.1.5 Whether an expansion test is required (Section 9),
4.1.6 Length (11.5—Table 2),
4.1.7 Whether the tube is to be furnished in straight lengths

or coils,
4.1.8 Quantity: number of straight lengths or coils required,
4.1.9 Certification, if required (Section 20), and
4.1.10 Mill test report, if required (Section 21).
4.2 In addition, when material is purchased for agencies of

the U.S. government, it shall conform to the Supplementary
Requirements as defined herein, when specified in the contract
or purchase order.

5. Materials and Manufacture

5.1 The material shall be of such quality and purity that the
finished tube shall have the properties and characteristics
prescribed in this specification and shall be cold drawn to size.

5.2 The tube shall be finished by such cold-working and
annealing operations as are necessary to produce the required
temper and surface finish.

5.3 Tubes furnished in coils shall be annealed after coiling.

5.4 Tubes in straight lengths shall be furnished in the H58
(Drawn General Purpose) temper, except when the O60 (Soft
Anneal) temper is specified in the purchase order or contract.

6. Chemical Composition

6.1 The material shall conform to the following chemical
requirements of Copper UNS No. C12200:

Copper (incl. silver) 99.9 % min.
Phosphorus 0.015 to 0.040 %

6.2 These composition limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between the manufacturer or supplier
and the purchaser.

7. Temper

7.1 Type GAS copper tube shall be furnished in either of the
following tempers as defined in Classification B 601.

Soft anneal O60
Drawn general purpose H58

8. Mechanical Property Requirements

8.1 The tube shall conform to the mechanical property
requirements specified in Table 3. Tension tests and grain size
determination need not be made except when requested by the
purchaser in the ordering document. Where agreement on
Rockwell Hardness tests cannot be reached, the tensile strength
and grain size requirements of Table 3 shall be the basis for
acceptance or rejection.

TABLE 1 Dimensions, Mass and Tolerances in Diameter and Wall Thickness for Standard Sizes of Type GAS Seamless Copper Tube
for Natural Gas and Propane Fuel Distribution Systems (All Tolerances in This Table Are Plus and Minus)

Standard
Size, in.

Actual Outside
Diameter

Average Outside DiameterA Tolerances Wall Thickness and Tolerance Theoretical Mass

in. (mm) Annealed Drawn Wall Thickness ToleranceB

lbs/ft (kg/m)
in. (mm) in. (mm) in. (mm) in. (mm)

3⁄8 0.375 (9.52) 0.002 (0.051) 0.001 (0.025) 0.030 (0.762) 0.003 (0.076) 0.126 (0.187)
1⁄2 0.500 (12.7) 0.0025 (0.064) 0.001 (0.025) 0.035 (0.889) 0.004 (0.10) 0.198 (0.146)
5⁄8 0.625 (15.9) 0.0025 (0.064) 0.001 (0.025) 0.040 (1.02) 0.004 (0.10) 0.285 (0.424)
3⁄4 0.750 (19.1) 0.0025 (0.064) 0.001 (0.025) 0.042 (1.07) 0.004 (0.10) 0.362 (0.539)
7⁄8 0.875 (22.3) 0.003 (0.076) 0.001 (0.025) 0.045 (1.14) 0.004 (0.10) 0.455 (0.677)
11⁄8 1.125 (29) ... ... 0.0015 (0.038) 0.050 (1.27) 0.005 (0.13) 0.655 (0.975)

AThe average outside diameter of a tube is the average of the maximum and minimum outside diameter, as determined at any one cross section of the tube.
B Maximum permissible deviation at any one point.

TABLE 2 Standard Lengths A and Tolerances

Standard Size,
in.

Standard Length Tolerance, all plus

ft. (m) in. (mm)

Tubes Furnished in Straight Lengths
3⁄8–11⁄8 12

20
(3.7)
(6.1)

1
1

(25)
(25)

Tubes Furnished in Coils
3⁄8–7⁄8 60

100
(18)

(30.5)
24
24

(600)
(600)

ALonger lengths are subject to agreement between the manufacturer or supplier
and purchaser.
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9. Expansion Test

9.1 The soft anneal (O60) temper tube shall be capable of
being expanded in accordance with Test Method B 153 with
expansion of the outside diameter in the following amount:

Standard Size Expansion of
(Actual Outside Diameter) Outside Diameter

in. (mm) %

0.625 (15.9) and under 40
Over 0.625 (15.9) 30

The expanded tube shall show no cracking or rupture visible
to the unaided eye.

10. Nondestructive Testing

10.1 Each tube up to and including 1.125-in. (28.6-mm)
outside diameter shall be subjected to an eddy-current test.
Testing shall follow the procedures of Practice E 243, except
for the determination of “end effect”. Tubes shall be passed
through an eddy-current test unit adjusted to provide informa-
tion on the suitability of the tube for the intended application.

10.1.1 Either notch depth or drilled hole standards shall be
used.

10.1.1.1 Notch depth standards, rounded to the nearest
0.001 in. (0.025 mm), shall be 22 % of the standard wall
thickness. The notch depth tolerance shall be plus and minus
0.0005 in. (0.013 mm). Alternatively, at the option of the
manufacturer, using speed insensitive eddy-current units that
are equipped so that a fraction of the maximum unbalance
signal can be selected, the following percent maximum unbal-
ance signals may be used:

Standard Size, in. (mm)
Unbalanced Signal
Magnitude, max. %

Up to 0.500 (12.7) incl. 0.2
0.625 (15.9) to 1.125 (29) incl. 0.3

10.1.1.2 Drilled holes shall be drilled radially through the
wall using a suitable drill jig that has a bushing to guide the
drill, care being taken to avoid distortion of the tube while
drilling. The diameter of the drilled hole shall be in accordance
with the following Table and shall not vary by either more
than +0.001 in. ( +0.026 mm) or −0.000 in. (−0.000 mm) of the
hole diameter specified.

Tube Outside
Diameter, in.

Diameter of Drilled
Holes, in. Drill No.

3⁄8 to 3⁄4, incl 0.025 72
Over 3⁄4 to 1, incl 0.031 68
Over 1 to 11⁄8, incl 0.036 64

Tube Outside
Diameter, mm

Diameter of Drilled
Holes, mm Drill No.

9.0 to 19.0, incl 0.64 72
Over 19.0 to 25, incl 0.79 68
Over 25 to 29, incl 0.92 64

10.1.2 Tubes that do not actuate the signalling device of the
eddy-current tester shall be considered in conformance with the
requirements of this test. Tubes with discontinuities indicated
by the testing unit, may, at the option of the manufacturer, be
re-examined or retested to determine whether the discontinuity
is cause for rejection. Signals that are found to have been
caused by minor mechanical damage shall not be cause for
rejection of the tubes, provided the tube dimensions are still
within the specified limits and the tube is suitable for its
intended application.

11. Dimensions, Mass, and Permissible Variations

11.1 For the purpose of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the specified limiting values for any
dimension may be cause for rejection.

11.2 Standard Dimensions, Wall Thickness, and Diameter
Tolerances—The standard dimensions, wall thickness, and
diameter tolerances shall be in accordance with Table 1.

11.3 Mass—For purposes of calculating mass, cross sec-
tions, etc., the density of copper will be 0.323 lbs/in.3 (8.94
g/cm3). The theoretical mass per foot is given in Table 1.

11.4 Roundness—For drawn tube in straight lengths, the
roundness tolerance shall be as specified in Table 4. The
deviation from roundness is measured as the difference be-
tween major and minor diameters as determined at any one
cross section of the tube. No roundness tolerance has been
established for annealed tube in straight lengths or for tube
furnished in coils.

11.5 Standard Lengths and Tolerances—The standard
lengths and tolerances shall be as specified in Table 2.

11.6 Squareness of Cut—For tubes in straight lengths, the
departure from squareness of the end of any tube shall not
exceed 0.010 in. (0.25 mm) for tube up to and including
0.625-in. (15.9-mm) standard size; and not more than 0.016
in./in. (0.016 mm/mm) of outside diameter for tube larger than
0.625-in. (15.9-mm) standard size.

TABLE 3 Mechanical Property Requirements

Temper Designation Tensile Strength Average
Grain

Size, mm

Rockwell HardnessA

Standard Former
ksi,B

min.
MPa
min.

Scale
Hardness

Value
O60 Soft

anneal
30 (205) 0.035

min.
F 50 max

H58 Drawn
general
purpose

36 (250) ... 30T 30 min

ARockwell Hardness tests shall be made on the inside surface of the tube.
Bksi = 1000 psi.

TABLE 4 Roundness Tolerance

t/d (Ratio of Wall Thickness
to Outside Diameter)

Roundness Tolerance—% of Outside
Diameter (Expressed to Nearest

0.001 in. or 0.025 mm)

0.01 to 0.03, incl 1.5
Over 0.03 to 0.05, incl 1.0
Over 0.05 to 0.10, incl 0.8
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12. Workmanship, Finish, and Appearance

12.1 The tubes shall be clean and free from scale, adherent
dirt, and defects of a nature that interfere with the intended
purpose of the tubes.

13. Sampling

13.1 The lot size, portion size, and selection of pieces shall
be as follows:

13.1.1 Lot size shall be 5000 lb (2275 kg) or fraction
thereof.

13.1.2 Sample pieces shall be selected according to the
following schedule:

Number of Pieces
in the Lot

Number of Pieces
to be Selected

1 to 50 1
51 to 200 2
201 to 1500 3
Over 1500 0.2 % of total number pieces

but not to exceed 10

13.1.3 Coiled Tube—A length sufficient for all necessary
tests shall be cut from each coil. The remaining portion of these
coils shall be identified and included in the shipment. The
permissible variation in lengths of such coils shall be waived.

13.2 Sampling for Chemical Analysis:
13.2.1 The sample shall be taken in approximately equal

weight from each portion piece selected in 13.1.2 and in
accordance with Practice E 255. The minimum weight of the
composite sample shall be 150 g.

13.2.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of sampling at
the time castings are poured or from the semi-finished product.

13.2.3 The number of samples taken during the course of
manufacture shall be as follows:

13.2.3.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

13.2.3.2 When samples are taken from the semi-finished
product, a sample shall be taken to represent each 10 000 lb
(4550 kg) or fraction thereof, except that not more than one
sample per piece shall be required.

13.2.4 When the material is sampled during the course of
manufacture, sampling of the finished product is not required.

13.3 Sampling for Other Tests:
13.3.1 Specimens for all other tests shall be taken from two

of the sample pieces taken in 13.1.2. In the event only one
sample piece is required, all specimens shall be taken from the
piece selected.

14. Number of Tests and Retests

14.1 Tests:
14.1.1 Chemical composition shall be determined as the

average of at least two replicate determinations for each
specified element.

14.1.2 Mechanical properties shall be determined as the
average of results from two test specimens; one taken from
each of the two sample pieces selected in 13.1.2.

14.2 Retests:
14.2.1 Chemical Composition—Should one or more of the

determinations fail to conform with the requirements of this
specification a retest may be made on a new composite made
up from the pieces originally selected.

14.2.2 Mechanical Properties—Should the results of tests
on any specimen fail to meet the prescribed requirements, two
additional specimens shall be taken from different sample
pieces and tested and the results of both of these tests shall
comply with the specified requirements.

14.2.3 Eddy Current Test—Tubes with discontinuities indi-
cated by the testing unit may, at the option of the manufacturer,
be reexamined or retested to determine whether the disconti-
nuity is cause for rejection.

14.2.4 Failure to conform with the prescribed requirements
upon retesting shall be cause for rejection.

15. Specimen Preparation

15.1 Chemical Composition—Preparation of the analytical
specimen shall be the responsibility of the reporting laboratory.

15.2 Tensile Test—The test specimen shall be of the full
section of the tube and shall conform to the requirements
specified in the Specimens for Pipe and Tube section in Test
Methods E 8, unless the limitations of the testing machine
preclude the use of such specimens.

15.2.1 Test specimens conforming to Specimen No. 1 in
Fig. 13, Tension Test Specimens for Large-Diameter Tubular
Products, of Test Methods E 8 may be used when a full-section
specimen cannot be used.

15.3 Rockwell Hardness—The test specimen shall be of a
size and shape to permit testing by the available test equipment
and shall be taken to permit testing in a plane parallel or
perpendicular to the direction of deformation given to the
product.

15.3.1 The surface of the test specimen shall be sufficiently
smooth and even to permit the accurate determination of
hardness.

15.3.2 The specimen shall be free from scale and foreign
matter and care shall be taken to avoid any change in condition,
that is, heating or cold working.

15.4 Grain Size—The test specimen shall be prepared in
accordance with Practice E 3.

16. Test Methods

16.1 Test methods used for quality control shall be discre-
tionary.

16.2 Chemical Composition—Shall be determined as fol-
lows:

Element ASTM Test Methods

Copper E 53
Phosphorus E 62
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16.3 The material furnished shall be capable of conforming
with the mechanical properties and other test requirements
prescribed in this specification when tested in accordance with
the following methods:

Test ASTM Designation

Tension E 8
Rockwell Hardness E 18
Expansion (pin test) B 153
Eddy current E 243

16.3.1 Yield strength, in case of dispute, shall be determined
by the extension-under-load method.

16.3.1.1 Whenever test results are obtained from both full
size and machined specimens and they differ, the test results
from the full size specimens shall prevail.

16.3.1.2 Test results are not seriously affected by variations
in speed of testing. A considerable range of testing speed is
permitted; however, the rate of stressing to the yield strength
should not exceed 100 ksi (690 MPa)/min. Above the yield
strength, the movement per minute of the testing machine head
under load should not exceed 0.5 in./in. (0.5 mm/mm) of gage
length (or distance between grips for full section specimens).

16.3.2 Rockwell Hardness—A minimum of three readings
shall be taken on each specimen.

16.3.3 Grain Size—The intercept method of Test Methods
E 112 shall be used in case of dispute.

17. Significance of Numerical Limits

17.1 For purpose of determining compliance with the speci-
fied limits for requirements of the properties listed in Table 5,
an observed value or calculated value shall be rounded as
indicated in accordance with the rounding method of Practice
E 29.

18. Inspection

18.1 The manufacturer shall provide to the inspector repre-
senting the purchaser, all reasonable facilities without charge,
to satisfy the inspector that the tubes are being furnished in
accordance with the specified requirements.

19. Rejection and Rehearing
19.1 Material which fails to conform to the requirements of

this specification shall be cause for rejection. Rejection shall be
reported promptly to the manufacturer or supplier. Written
notification of rejection shall follow. In case of dissatisfaction
with the results of any test, the manufacturer or supplier may
make claim for rehearing.

20. Certification
20.1 When specified on the purchase order, the manufac-

turer shall furnish to the purchaser a certificate of compliance
or conformance stating that each lot has been sampled, tested,
and inspected in accordance with this specification, and has
met the requirements of this specification.

21. Mill Test Report
21.1 When specified on the purchase order, the manufac-

turer or supplier shall furnish to the purchaser a test report
showing the results of tests required by this specification.

22. Packaging and Package Marking
22.1 The material shall be separated by size and temper, and

prepared for shipment in a manner to ensure acceptance by
common carrier for transportation, and to provide protection
from the normal hazards of transportation.

22.2 Each shipping unit shall be legibly marked with the
purchase order number, temper, size, gross and net mass, and
name of supplier. The specification number shall also be
shown.

23. Product Identification
23.1 The name or trademark of the manufacturer and the

mark “Type GAS” tube shall be permanently marked (incised)
on each tube at intervals not greater than 18 in. (0.46 m). Tubes
in drawn temper straight lengths shall be further identified
throughout their lengths by a continuous yellow colored stripe,
symbol, or logo not less than3⁄16 in. (4.70 mm) in height,
including a legend repeated at intervals not greater than 36 in.
(910 mm). The legend shall include the type of the tube, name
or trademark of the manufacturer or both, and the country of
origin. Other information may be included at the option of the
manufacturer.

23.2 The color used is “YELLOW” for Type GAS. Such
color marking is not applicable to tube furnished in annealed
straight lengths or coils.

24. Keywords
24.1 brazed joints; C12200; flared fittings; fuel distribution

systems; liquified petroleum (LP) gas; natural gas; seamless
copper tube

TABLE 5 Rounding Units

Property
Rounded Unit for Observed or

Calculated Value

Chemical composition
Hardness values

Nearest unit in the last right-hand
place figures of the specified limit

Tensile strength nearest ksi (nearest 5 MPa)
Expansion nearest 1 %
Grain size:

up to 0.055 mm incl. nearest multiple of 0.005 mm
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract or order, for agencies of the U.S. government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on the
date of material purchase form part of this specification to the
extent referenced herein:

S1.1.1 ASTM Standard B 900, Packaging of Copper and
Copper-Alloy Mill Products for the U.S. Government2

S1.1.2 Federal Standards:
Fed. Std. No. 102—Preservation, Packaging and Packing

Levels
Fed. Std. No. 123—Marking for Shipment (Civil Agencies)
Fed. Std. No. 185—Identification Marking of Copper and

Copper-Base Alloy Mill Products
S1.1.3 Military Standard:
MIL-Std. 129—Marking for Shipment and Storage

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements,
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the

inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation and Delivery

S4.1 Preservation, Packaging, and Packing:
S4.1.1 Military Agencies—The material shall be separated

by size and shall be preserved and packaged, Level A or C,
Packed Level A, B or C, as specified in the contract or purchase
order, in accordance with the requirements of ASTM B 900.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking

S4.2.1 Military Agencies—In addition to any special mark-
ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-Std. 129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment will be in accordance with Fed. Std. No. 123.

SUMMARY OF CHANGES

This section identifies principle changes to this specification that have been incorporated since the 1995 issue
as follows:

(1) Document was revised to meet the requirements of Form
and Style for ASTM Standards and the Committee B05 Outline
of Form of Specifications (OFS).
(2) References to Canadian and American installation codes
were deleted.

(3) References to specifications for fittings were deleted.

(4) Reference to Terminology B 846 was added.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 846 – 01 e1

Standard Terminology for
Copper and Copper Alloys 1

This standard is issued under the fixed designation B 846; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Editorial changes were made throughout in November 2002.

1. Scope

1.1 The terms defined in this terminology standard are
applicable to copper and copper alloy products specifications,
test methods, practices, and other documents within the juris-
diction of Committee B05 on Copper and Copper Alloys.

2. Referenced Documents

2.1 ASTM Standards:
B 170 Specification for Oxygen-Free Electrolytic Copper—

Refinery Shapes2

B 379 Specification for Phosphorized Coppers—Refinery
Shapes2

3. Significance and Use

3.1 This terminology is not intended to apply to any
standard, test method, practice, or other document not within
the jurisdiction of Committee B05 on Copper and Copper
Alloys.

4. Terminology

anneal (annealing)—a thermal treatment to change the prop-
erties or grain structure of the product. When applied to a
cold-worked product having a single phase: to produce
softening by recrystallization or recrystallization and grain
growth, with the accompanying changes in properties. When
applied to a product having two or more phases: to produce
softening by changes in the phase relationship which may
include recrystallization and grain growth.

arc welding—a group of welding processes wherein coales-
cence is produced by heating with an arc or arcs, with or
without the application of pressure and with or without the
use of filler metal.

as-welded condition—a condition created as a result of
forming annealed sheet or plate into tubular form and
welding without subsequent heat treatment or cold work.

average diameter (for round tubes only)— the average of the
maximum and minimum outside diameters or the maximum
and minimum inside diameters, whichever is applicable, as
determined at any one cross section of the tube.

base metal—the sheet or plate from which the pipe is formed.
billet—refinery shape used for piercing or extrusion into

tubular products or for extrusion into rods, bars, and shapes.
Circular in cross section, usually 3 to 16 in. (76 to 406 mm)
in diameter, normally ranging in weight from 100 to 4200 lb
(45 to 1905 kg).

blank—a piece of flat product intended for subsequent fabri-
cation by forming, bending, cupping, drawing, hot pressing,
and so forth.

buckle (centre bulge or oil can)—alternate bulges and hol-
lows recurring along the length of a strip with the edges
remaining relatively flat.

bus bar—includes material of solid rectangular or square cross
section or a solid section with two plane parallel surfaces and
round or other simple regular-shaped edges.

bus conductor stock—a bar, rod, or shape of high-
conductivity copper used to make bus conductors.

cake—refinery shape used for rolling into plate, sheet, strip, or
shape. Rectangular in cross section and of various sizes,
normally ranging in weight from 140 to 62 000 lb (63 to
28 123 kg).

casting—a general term for a metal object produced at or
near-finished shape by pouring or otherwise introducing
molten metal into a mold and allowing it to solidify.

casting, centrifugal—a casting produced in a cylindrical mold
rotating on its axis with the major axis of the product
coinciding with the axis of rotation. The axis of rotation may
be horizontal, vertical, or any angle in between.

casting, centrifuged—a casting produced in a mold, a number
of which may be mounted around a central sprue. The molds
are rotated, in a vertical position, about a central axis
concentric with the central sprue.

casting, continuous—a casting produced by the continuous
pouring and solidification of molten metal through a water-
cooled mold which determines the cross-sectional shape.
The length of the product is not restricted by mold dimen-
sions.

casting, permanent mold—a product produced in a reusable

1 This terminology is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.93 on
Terminology.

Current edition approved May 10, 2001. Published September 2001. Originally
published as B 846 – 93. Last previous edition B 846 – 99.
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mold constructed of a durable material, usually iron or steel,
with the molten metal being introduced by gravity, low-
pressure or vacuum.

casting, sand—a casting produced in a sand mold.
casting, semicentrifugal—a casting produced in a manner

similar to the centrifugal casting except that a central core is
used to allow the formation of other than a cylindrical inside
surface. The axis of rotation is always vertical.

cathode—unmelted, electrodeposited, and somewhat rough
flat plate normally used for melting. The customary size is
about 3 ft (0.914 m) square, about1⁄2 to 7⁄8 in. (12.7 to 22.2
mm) thick, weighing up to about 300 lb (136 kg) and may
have hanging loops attached. Cathodes may also be cut to
smaller dimensions.

chemically refined copper—copper recovered from an aque-
ous solution by other than electrolytic means. Usually when
this term is used alone it refers to chemically refined tough
pitch copper. This designation applies to the following:
—copper cast in refinery shapes suitable for hot or cold
working, or both, and by extension, to fabricators products
made therefrom,
—ingots or ingot bars suitable for remelting.

cladding ratio—ratio by percent thickness of the component
layers, for example.

close nipple—a nipple with no shoulder or unthreaded portion
between two threads; the shortest possible pipe nipple with
complete threads.

coil—a length of the product wound into a series of connected
turns. The unqualified term “coil” as applied to tube usually
refers to a bunched coil.

coil, bunched—a coil in which the turns are bunched and held
together such that the cross section of the bunched turns is
approximately circular.

coil, double layer flat—a coil in which the product is spirally
wound into two connected disk-like layers such that one
layer is on top of the other. (Sometimes called “double layer
pancake coil” or “double layer spirally wound coil.”)

coil, helical—Seecoil, level or traverse wound.
coil, level or traverse wound—a coil in which the turns are

wound into layers parallel to the axis of the coil such that
successive turns in a given layer are next to one another.
(Sometimes called a “helical coil.”)

coil, level or traverse wound on a reel or spool—a coil in
which the turns are positioned into layers on a reel or spool
parallel to the axis of the reel or spool such that successive
turns in a given layer are next to one another.

coil, single layer flat—a coil in which the product is spirally
wound into a single disk-like layer. (Sometimes called
“pancake coil” or “single layer spirally wound coil.”)

coil, stagger wound—a coil in which the turns are positioned
into layers approximately parallel to the axis of the coil, but
not necessarily with the fixed regularity of a level or traverse
wound coil.

cold work—controlled mechanical operations for changing the
form or cross section of a product and for producing a
strain-hardened product at temperatures below the recrystal-
lization temperature.

corner radius on square or rectangular wire—any configu-

ration on the corner between a chamfer and a full radius. The
measurement of a corner radius is the distance from the
blend point on one surface to the extension of the other
surface.

dents—depressions in the copper foil which do not signifi-
cantly change the thickness of the copper foil.

deoxidized copper, high-residual phosphorus—copper
deoxidized with phosphorus residual in amounts 0.015 to
0.040 %. The copper is not susceptible to hydrogen em-
brittlement, as determined in Specification B 379. The cop-
per is of relatively low-electrical conductivity due to the
amount of phosphorus present.

NOTE 1—International Standards Organization specifications permit up
to 0.050 % phosphorus.

deoxidized copper, low-residual phosphorus— copper
deoxidized with phosphorus residual in amounts 0.004 to
0.012 %. The copper is not readily susceptible to hydrogen
embrittlement, as determined in Specification B 379. The
copper in the annealed condition has a minimum conductiv-
ity of 90 % IACS.

dewetting—a condition that results when molten solder has
coated a surface and then receded leaving irregular-shaped
mounds of solder separated by areas covered with a thin film
but base metal is not exposed.

dish (cross or transverse bow)—the departure from flatness
across the full width of the strip in the form of a single arc,
excluding burrs.

disk—a round, commercially flat solid blank made from a flat
rolled product.

distribution tube (Type D)—a seamless or welded copper
tube known as copper distribution tube (Type D).

drawn stress relieved (DSR)—a thermal treatment of a
cold-drawn tubular product to improve ductility without
significantly affecting its tensile strength or microstructure.

electrolytic copper—copper of any origin, refined by electro-
lytic deposition including electrowinning. Usually when this
term is used alone it refers to electrolytic tough pitch copper.
This designation applies to the following:
—cathodes that are the direct product of the refining
operation.
—electrodeposited copper cast in refinery shapes suitable for
hot or cold working or both, and by extension, to fabricators’
products made therefrom.
—electrodeposited copper cast into ingots or ingot bars
suitable for remelting.

embrittlement—the reduction of the normal ductility in a
metal due to a physical or chemical change. As it relates to
these test methods, embrittlement is the loss of ductility
caused by the reaction of cuprous oxide in the copper
product when exposed at elevated temperatures to a reducing
atmosphere.

extrusion—a uniform metal shape, long in relation to its
cross-sectional dimensions, produced by forcing a suitably
preheated billet or preform through an orifice (die) of the
desired cross section. Extrusions generally are furnished in
straight lengths.

fire-refined copper—copper of any origin or type finished by
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furnace refining without having been processed at any stage
by electrolytic or chemical refining. Usually when the term
fire-refined copper is used alone it refers to fire-refined tough
pitch copper. This designation applies to the following:
—copper cast in refinery shapes suitable for hot or cold
working or both, and by extension, to fabricators’ products
made therefrom.
—ingots or ingot bars suitable for remelting.

flash—as in welding, the metal that protrudes at the weld of the
tube, internally, externally, or both, as a result of the pressure
applied when a forge-type seam is produced; the two types
of flash are internal flash and external flash.

flat product—a rectangular or square solid section of rela-
tively great length in proportion to thickness. Included in the
designation “flat product” depending on the width and
thickness, are plate, sheet, strip, and bar. Also included is the
product known as “flat wire.”

flat wire—a product up to and including 0.188 in. (4.78 mm)
in thickness and up to and including 11⁄4 in. (31.8 mm) in
width.

foil—a term often applied to thin sheet or strip usually 0.005
in. (0.13 mm) or less in thickness.

herringbone—a series of long continuous waves running at
various angles to the rolling direction.

high-conductivity copper—copper that in the annealed con-
dition has a minimum electrical conductivity of 100 %
IACS.

hot working—controlled mechanical operations for shaping a
product at temperatures above the recrystallization tempera-
ture.

inclusions—foreign particles which may or may not be en-
closed in the copper foil.

ingot and ingot bar—refinery shapes used for remelting (not
fabrication). Ingots normally range in weight from 20 to 35
lb (9 to 16 kg) and ingot bars from 50 to 70 lb (23 to 32 kg).
Both are usually notched to facilitate breaking into smaller
pieces.

lengths—straight pieces of the product.
lengths, ends—straight pieces, shorter than the nominal

length, left over after cutting the product into mill lengths,
stock lengths, or specific lengths. They are subject to
minimum length and maximum weight requirements.

lengths, multiple—straight lengths of integral multiples of a
base length, with suitable allowance for cutting, if and when
specified.

lengths, random—run of mill lengths without any indicated
preferred length.

lengths, specific—straight lengths that are uniform in length,
as specified, and subject to established length tolerances.

lengths, specific with ends—specific lengths, including ends.
lengths, standard—uniform lengths recommended in a Sim-

plified Practice Recommendation or established as a Com-
mercial Standard.

lengths, stock with ends—stock lengths, including ends.
longitudinal corrugation —a condition similar to dish except

that the sense of curvature changes sign at least once across
the width of the strip.

nodules—small irregularly shaped imperfections in the elec-

trolytic copper foil which do not cause the foil to fail the
thickness tolerance.

order strengthening—a thermal treatment of a cold-worked
product at a temperature below its recrystallization tempera-
ture causing ordering to occur to obtain an increase in yield
strength.

oxygen-free copper, extra-low phosphorus— oxygen-free
copper containing 0.001 to 0.005 % phosphorus. The copper
is not readily susceptible to hydrogen embrittlement, as
determined in Specification B 379. The copper in the an-
nealed condition has a minimum conductivity of 98.16 %
IACS.

oxygen-free copper, low phosphorus—oxygen-free copper
containing 0.005 to 0.12 % phosphorus. The copper is not
susceptible to hydrogen embrittlement, as determined in
Specification B 379. The copper in the annealed condition
has a minimum conductivity of 90 % IACS.

—deoxidized, phosphorus-arsenical copper
—arsenical, tough-pitch copper
—silver-bearing copper
—sulfur-bearing copper
—deoxidized phosphorus-tellurium copper
—zirconium-bearing copper
—tellurium-bearing copper

NOTE 2—Coppers listed contain the designated element or elements in
amounts as agreed upon between the manufacturer or supplier and the
purchaser.

oxygen-free electronic copper—high-purity, high-
conductivity oxygen-free copper normally intended for elec-
tronic applications. The copper has high resistance to hydro-
gen embrittlement, as determined in Specification B 170.
The copper in the annealed condition has a minimum
electrical conductivity of 101 % IACS.

pinholes—small holes occurring as imperfections which pen-
etrate entirely through the copper foil.

pipe nipple—a short length of pipe with male threads at both
ends.

pipe, seamless—seamless tube conforming to the particular
dimensions commercially known as “standard pipe sizes.”

pipe, threadless—a seamless copper tube of standard pipe
outside diameters conforming to particular dimensions com-
mercially known as threadless pipe (TP).

pits—small holes having jagged edges, occurring as imperfec-
tions which do not penetrate entirely through the copper foil.

plate—as in inch-pound specifications,a wrought flat product
over 0.188-in. thick and over 12-in. wide, in straight lengths
or coils (rolls).

plate—as in SI specifications,a wrought flat product over
5-mm thick and over 300-mm wide, in straight lengths or
coils (rolls).

portion size—the number of lengths of pipe to be used for a
specific test.

precipitation heat treatment—a thermal treatment of a solu-
tion heat-treated product to produce property changes such
as hardening, strengthening, and conductivity increase by
precipitation of constituents from the supersaturated solid
solution. This treatment has also been called “age hardened”
and “precipitation hardened.”
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quench hardening—a treatment for copper-aluminum alloy
products consisting of heating above the betatizing tempera-
ture followed by quenching to produce a hard martensitic
structure.

reel—a cylindrical device that has a rim at each end and an
axial hole for a shaft or spindle, and on which the product is
wound to facilitate handling and shipping. (Also called a
“spool.”)

residual stress—stresses that remain within a body as the
result of plastic deformation or casting.

rod, for staybolts—a round solid section furnished in straight
lengths.

rod, piston finish—a round rod having a special surface
produced by turning or grinding to close tolerances for
diameter and straightness.

rod, shafting—a round rod specially manufactured to the close
straightness tolerances required for use in shafting.

roll —a length of the product 25 ft (7.62 m) to 50 ft (15.24 m)
inclusive, spirally wound into a series of connected turns,
with successive turns on top of one another.

sample—the final form of a material submitted for chemical
analysis (drillings, millings, and so forth) or a prepared test
specimen to be used for mechanical testing.

scarfing—the removing of flash or bead by a cutting operation.
sheet—as in inch-pound specifications,a rolled flat product up

to and including 0.188-in. thick and over 24-in. wide, in
straight lengths or coils (rolls).

sheet—as in SI specifications,a rolled flat product up to and
including 5-mm thick and over 600-mm wide, in straight
lengths or coils (rolls).

short plumbing (hospital) threads—a special modified form
of the tapered pipe thread basically achieved by elimination
of the imperfect threads. This thread is normally used only
on chromium-plated nipples to ensure that a minimum of
thread shall remain exposed after the nipple is threaded into
a fitting.

solderability—the capability of a metal to be wetted by solder.
solution heat treatment—a thermal treatment of a product to

put alloying elements into solution in the base metal by
heating into the temperature range of solid solubility, fol-
lowed by cooling at a sufficient rate to retain them in a
supersaturated solid solution.

spinodal heat treatment—a thermal treatment of a solution-
heat-treated product to produce property changes such as
hardening, strengthening, and conductivity increase by spin-
odal decomposition of a solid solution. This treatment has
also been called “age hardened,” “spinodal hardened,” or
“spinodally decomposed.”

spool—a cylindrical device that has a rim at each end and an
axial hole for a shaft or spindle, and on which the product is
wound to facilitate handling and shipping. (Also called a
“reel.”)

standard—uniform lengths recommended in a simplified
practice recommendation or established as a commercial
standard.

strain hardening—the increase in strength and hardness and
decrease in ductility due to permanent deformation of the
structure by cold working.

stress corrosion crack—spontaneous failure of metals by
cracking under combined action of corrosion and stress,
residual or applied.

stress relief—a treatment of a product to reduce residual
stresses.
by mechanical treatment—without causing a significant
change in size.
by thermal treatment—without causing recrystallization.

strip—as in inch-pound specifications,a rolled flat product,
other than flat wire, up to and including 0.188-in. thick, in
straight lengths, coils (rolls), or traverse wound on reels or
spools having either slit, sheared or slit and rolled edges in
widths up to 24-in. inclusive, or having finished drawn or
rolled edges, in widths over 11⁄4-in. to 12-in. inclusive.

strip—as in SI specifications,a rolled flat product other than
flat wire up to and including 5-mm thick in straight lengths,
coils (rolls), or traverse wound on reels or spools having
either slit or sheared edges in widths up to 600-mm
inclusive, or having finished drawn or rolled edges, in widths
over 30-mm to 300-mm inclusive.

temper—the metallurgical structure and properties of a prod-
uct resulting from thermal or mechanical processing treat-
ments.

temper annealing—a thermal treatment above the eutectoid
temperature for copper-aluminum alloy products to mini-
mize the presence of the stable eutectoid structure.

tempering—a thermal treatment of a quench-hardened product
to improve ductility.

thermal treatment—a controlled heating; time at maximum
temperature-cooling cycle as needed to satisfy the property
and grain structure requirements of the temper.

threadless pipe (TP)—seamless tube conforming to the par-
ticular dimensions commercially known as “threadless pipe
(TP).”

tough pitch copper—copper of any origin cast in the form of
refinery shapes, containing a controlled amount of oxygen in
the form of cuprous oxide. By extension the term is also
applicable to fabricators’ products made therefrom.

treatment—a process that is applied to one or both sides of the
copper foil to enhance the adhesion of the foil to the base
substrate that shall not degrade the foil or the base substrate.

tube, air conditioning—a seamless copper tube conforming to
a standard series of sizes, and to specified internal cleanli-
ness requirements normally furnished in straight lengths,
with the ends capped or sealed.

tube, automotive and general service—a seamless copper
tube of small diameter conforming to a standard series of
sizes commercially known as automotive and general ser-
vice tube.

tube, capillary—a tube of small inside diameter with an inside
surface of highest quality and conforming to close-diameter
tolerances. It is subject to special tests to ensure precision
and uniformity of bore and is specially cleaned and packed.

tube, condenser—seetube, heat exchanger.
tube, copper service—a bendable copper water tube for

underground water service.
tube, copper water—a seamless copper tube conforming to

the particular dimensions commercially known as copper
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water tube and designated as Types K, L, and M.
tube, ferrule—a tube from which metal rings or collars

(ferrules) are made for use in installing condenser tubes.
tube, heat exchanger—a tube manufactured to special re-

quirements as to dimensional tolerances, finish, and temper
for use in condensers and other heat exchangers.

tube, heat exchanger with integral enhanced surface—an
external or internal surface, or both, modified by a cold
forming operation, to produce an enhanced surface for
improved heat transfer. The enhancement may take the form
of longitudinal or helical fins or ridges, or both, or modifi-
cations thereto.

tube, heat exchanger with integral fins— a tube having a
series of metallic ribs on the outside or inside surface either
parallel to the longitudinal axis or circumferentially ex-
tended from the tube to increase the effective surface area for
heat transfer applications. The fins may be mechanically
applied, drawn, or integrally extended from the tube wall.

tube, refrigeration service—a seamless copper tube conform-
ing to a standard series of sizes, and to special internal
cleanliness and dehydration requirements, normally fur-
nished to soft temper coils and with ends capped or sealed.

tube, seamless—a tube produced with a continuous periphery
in all stages of the operations.

tube, seamless water—a tube conforming to the particular
dimensions of tube commercially known as copper water
tube and designated as Types K, L, and M in inch-pound
units and Types A, B, and C in SI units.

tube, waveguide—a tube used as a transmission line to

electronic equipment.
tube, welded—tube made by processing strip into a tubular

shape and welding the edges to make a longitudinal seam.
tube, welded water—a tube conforming to the particular

dimensions of tube commercially known as copper water
tube and designated as Types WK, WL, and WM in
inch-pound units, and Types WA, WB, and WC in SI units.

unaided eye—visual inspection, without the use of special
equipment or enhancement excepting the use of corrective
lenses.

wavy edges (waves—edge wave)—a continuous pattern of
waves or wrinkles along the edges of the strip, with a
relatively flat center portion.

welded pipe—product made from sheet, strip, or plate with a
seam made by welding.

welded tube—product made from sheet, strip, or plate with a
seam made by welding.

weld reinforcement—the portion of the welded joint which
extends beyond the inner and outer surface of the base metal
of the welded pipe.

wetting—the formation of a relatively uniform, smooth, un-
broken, and adherent film of solder to a base material.

wire bar—refinery shape used for rolling into rod or flat
product for subsequent processing into wire, strip, or shape.
Approximately 31⁄2 to 5 in. (89 to 127 mm) square in cross
section, usually 54 in. (1.37 m) in length, and ranging in
weight from 200 to 420 lb (91 to 191 kg). Usually tapered on
both ends.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 858 – 01

Standard Test Method for
Ammonia Vapor Test for Determining Susceptibility to
Stress Corrosion Cracking in Copper Alloys 1

This standard is issued under the fixed designation B 858; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method2 describes a procedure to determine the
presence of residual stresses in wrought copper alloy products
that may lead to stress corrosion cracking. An ammonia vapor
atmosphere is used as an accelerated test.

1.2 This test method is only suitable for products fabricated
from copper alloys that are known to be susceptible to stress
corrosion cracking in ammonia vapor atmospheres. It is in-
tended to create an environmental condition of reproducible
severity.

NOTE 1—It is well known that the critical step in the cracking
mechanism is the development of an environment in the condensate film
that occurs on the surface of the test specimen, and is rich in copper
complex ions.

1.3 The severity of this test method depends upon the pH of
the corrosive solution. In Annex A1 are given four different
atmospheres to which the product may be exposed, and the
appropriate pH of the solution to be used for the test,
depending on the risk level associated with the intended
application.

1.3.1 The appropriate pH value for the test shall be specified
in the product specification, or as per established agreement
between the supplier and purchaser, with respect to the alloy
and its intended application.

1.4 Units—The values stated in SI units are to be regarded
as the standard. No other units of measurement are included in
this standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys3

B 846 Terminology for Copper and Copper Alloys3

D 1193 Specification for Reagent Water4

2.2 Other Documents:
ISO 6957 Copper Alloys—Ammonia Test for Stress Corro-

sion Resistance5

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

3.2 Definitions:
3.2.1 applied stress, n—stress in a body as a result of

application of an external load.
3.2.2 residual stress, n—stresses that remain within a body

as the result of processing, which may include plastic defor-
mation or casting.

3.2.3 stress-corrosion crack, n—spontaneous failure of met-
als by cracking under combined action of corrosion and stress,
residual or applied.

4. Summary of Test Method

4.1 The prepared test specimen is placed in a closed
container and exposed to ammonia vapor at ambient tempera-
ture for 24 h. Upon removal from the test atmosphere, the test
specimen is examined for the presence of cracks.

5. Significance and Use

5.1 This test method is an accelerated test to determine if a
copper alloy product in a specific stress condition will be
susceptible to stress-corrosion cracking when exposed to a
particular atmospheric condition during service with the ap-
propriate risk level—see Annex A1. This test method is
generally intended to determine if a copper alloy product will
crack because of internal stresses when subjected to the test,
and is not intended for testing assemblies under applied stress.
If used for this purpose, it shall be for information only and not
a cause for rejection of the assembly, its component parts, or
the original mill product.

1 This test method is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.06 on
Methods of Test.

Current edition approved Oct. 10, 2001. Published December 2001. Originally
published as B 858 – 95. Last previous edition B 858 – 95.

2 This test method is a conversion of ISO 6957 “Copper Alloys—Ammonia Test
for Stress Corrosion Resistance.” Additional information is included in Appendix
X1.

3 Annual Book of ASTM Standards, Vol 02.01.
4 Annual Book of ASTM Standards, Vol 11.01.
5 Available from American National Standards Institute, 25 W. 43rd St., 4th

Floor, New York, NY 10036.
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6. Apparatus

6.1 pH meter.
6.2 Closed vessel, such as a desiccator.
6.3 Equipment for examining test pieces at 10 to 153

magnification.

7. Reagents and Materials

7.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society where
such specifications are available.6 Other grades may be used,
provided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without lessening the accuracy of
the determination.

7.2 Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean reagent water as defined
by Type IV or better, of Specification D 1193.

7.3 Ammonium Chloride Solution (4N)—Dissolve 107 g of
ammonium chloride (NH4Cl) in water and dilute to 500 mL.
Store the solution in a closed vessel.

7.4 Hydrogen Peroxide (H2O2), 30 to 35 % technical grade.
(Warning—Hydrogen peroxide in high concentrations can
cause severe skin burns. Use of proper safety equipment is
advised.)

7.5 Sodium Hydroxide Solution (300 to 500 g/L)—Dissolve
300 to 500 g of sodium hydroxide (NaOH) into water and
dilute to 1 L. (Warning—Sodium hydroxide can cause chemi-
cal burns to the skin and eyes. Use of proper safety equipment
is advised.)

7.6 A clean organic solvent or hot alkaline solution that
contains no ammoniacal-type groups or substituents.

7.7 Sulfuric Acid Solution (50 mL/L)—Slowly add 50 mL of
concentrated sulfuric acid (H2SO4) into water and dilute to 1 L.

8. Test Media

8.1 Slowly add sodium hydroxide solution to ammonium
chloride solution to give a test solution with a pH value
appropriate to the intended application (see Annex A1). Main-
tain the solution at ambient temperature and dilute with DI
water up to a volume of 1 L. Check the pH value with the pH
meter after dilution. Prepare the solution preferably in a fume
hood in a laboratory using appropriate safe laboratory proce-
dures and store it in a closed vessel. Before use, check the pH
value again, and adjust if necessary.

8.1.1 In the closed test vessel, the ratio of surface area of
test solution to air volume of the vessel above the solution shall
be a minimum of 20 cm2/L.

8.2 The pickling solution for cleaning test pieces before and
after testing shall be 5 % sulfuric acid. If necessary, for
cleaning test pieces after testing, a small amount of hydrogen
peroxide solution may be added to the pickling solution (for

example, 20 to 30 mL of hydrogen peroxide solution per litre
of pickling solution).

9. Test Specimen Preparation

9.1 The test specimen size shall be prescribed in the
specification of the product or part being tested. In the event
that a test specimen size is not prescribed in a given rod, wire,
or tube specification, a full cross section having a minimum
length of 152 mm shall be tested.

9.2 The presence of burrs on the test specimen may con-
tribute to acceleration of stress corrosion cracking if not
removed before the ammonia vapor test. The burrs shall be
removed by fine file or abrasive paper to facilitate this test.

9.3 Degrease the test specimen using the clean organic
solvent or alkaline solution.

9.4 After degreasing, clean the test piece in the pickling
solution and immediately thereafter thoroughly rinse it, first in
cold running water, then in hot water, and finally, completely
dry it in a stream of warm air.

10. Test Procedure

10.1 Allow the dry test piece to reach the exposure tem-
perature specified below, and transfer it immediately to the
closed vessel (see 6.2) at the same temperature, and containing
the freshly prepared test solution at the specified pH value (see
8.1).

10.1.1 Suspend (or place) the test piece such that the
ammonia vapor has free access to all surfaces, not less than 50
mm above the test solution surface.

10.1.1.1 When placed on a porcelain support within the test
vessel, the region of the test piece within 5 mm of the support
shall be disregarded when inspecting for cracks.

10.1.1.2 The test piece shall be placed no less than 10 mm
from the inside walls of the test vessel.

10.1.1.3 When more than one test piece is placed in the
vessel, the test pieces shall be no less than 10 mm apart.

10.2 The volume of the test solution shall be at least 200 mL
per square decimeter of test piece surface. The exposure
temperature shall be between 20 and 30°C and shall be kept
constant to within61°C during the test. In case of dispute, the
exposure temperature shall be 25°C6 1°C.

10.3 The exposure time shall be 24 h.
10.4 After exposure, remove the test piece from the closed

vessel and immediately clean it in pickling solution for a few
minutes at ambient temperature (below 40°C), or until the
surfaces of the test piece are sufficiently clean from corrosion
products to allow observation of possible cracks. After rinsing
in water and drying in warm air, examine the surface of the test
piece for cracks at a magnification of 10 to 153.

10.5 Before inspection, deform the test piece slightly by
bending or flattening to open up fine cracks to make them more
easily observable.

10.6 Metallographic examination may be used to determine
the metallurgical nature of any observed cracks.

11. Test Report

11.1 The test report shall contain the following information:
11.1.1 Sample identification,
11.1.2 Reference to the test method used,

6 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, seeAnalar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U.K., and theUnited States Pharmacopeia
and National Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
MD.
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11.1.3 The pH value used for the solution producing the
ammonia vapor atmosphere,

11.1.4 The number of replicate test pieces tested,
11.1.5 The test results: cracks or no cracks (as required in

the appropriate product specification),
11.1.6 Any other features of the material noted during the

determination, and
11.1.7 The date of the test.

12. Precision and Bias

12.1 No information is presented about either the precision
or bias of Test Method B 858 for determining susceptibility to

stress corrosion cracking in copper alloys since the procedure
is directed at a subjective nonquantitative visual interpretation
of condition of the specimen and its relation to an applicable
product specification.

13. Keywords

13.1 ammonia test; copper alloys; residual stress; stress
corrosion

ANNEX

(Mandatory Information)

A1. REPRESENTATIVE pH VALUES

A1.1 On the basis of the known correlation between the
behavior of test pieces in the ammonia vapor test and the
behavior of copper alloy products under service conditions, the
following pH values are considered as being representative of
atmospheres of different corrosiveness and corresponding to
different safety requirements.

A1.1.1 An appropriate risk level (pH value) shall be speci-
fied in the product specification.

Corrosiveness of Atmosphere pH Value Safety Requirement
Low High

Low
Indoor atmosphere conditions 8.3 9.5

Moderate
Indoor atmosphere with risk of formation of

condensation
9.5 10.0

Outdoor atmosphere, temperate climate 9.8 10.0
High

Atmosphere with ammoniacal pollution, for
example in stables

10.0 10.5

APPENDIX

(Nonmandatory Information)

X1. RATIONALE (COMMENTARY)

X1.1 This standard was developed to address the demand
for a test method for determination of the presence of residual
stresses in copper alloy products which may lead to stress
corrosion cracking other than the mercurous nitrate test, Test
Method B 154. This test method is a conversion of ISO 6957
“Copper Alloys—Ammonia Test for Stress Corrosion Resis-
tance.” Research work performed by Mattsson, et al7 validates

the technical integrity of the test method.

X1.2 This test method does not attempt to compare the
effectiveness of the test to other test methods, including the
mercurous nitrate test, Test Method B 154, nor does it attempt
to quantify its relative effectiveness on various copper alloy
products. These issues must be addressed on a case by case
basis, since such products and tests are specific for their
respective requirements and applications.

7 Einar Mattsson, Rolf Holm, and Lars Hassel, “Ammonia Test for Stress
Corrosion of Copper Alloys.”
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last ussue (B 858-95)
that may impact the use of the standard.

(1) The title was updated.
(2) The Scope section was updated. A note was created, and
redundant information deleted.
(3) The Terminology section was updated to include reference
to Terminology B 846.

(4) The Test Procedure section was updated with clarifications.

(5) The Precision and Bias section was updated to reflect
current Form and Style guidelines.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.
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and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
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B 858

4



Designation: B 870 – 02

Standard Specification for
Copper-Beryllium Alloy Forgings and Extrusions Alloys
(UNS Nos. C17500 and C17510) 1

This standard is issued under the fixed designation B 870; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification establishes the requirements for
copper-beryllium alloy forgings and extrusions. The following
alloys are specified:

Copper Alloy
UNS No.

Nominal Composition, %
Beryllium Cobalt Nickel

C17500 0.59 2.6
C17510 0.40 1.8

1.2 Units—The values stated in inch-pound units are stan-
dard. The values given in parentheses are mathematical con-
versions to SI units, which are provided for information only
and are not considered standard.

1.3 The following safety hazard caveat pertains to Sections
10 and 11 of this specification:This standard does not purport
to address all of the safety concerns, if any, associated with its
use. It is the responsibility of the user of this standard to
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 194 Specification for Copper-Beryllium Alloy Plate,

Sheet, Strip, and Rolled Bar2

B 249 Specification for General Requirements for Wrought
Copper and Copper-Alloy Rod, Bar, Shapes, and Forgings2

B 441 Specification for Copper-Cobalt-Beryllium (UNS
No. C17500) and Copper-Nickel Beryllium (UNS No.
C17510) Rod and Bar2

B 601 Classification for Temper Designations for Copper
and Copper Alloys-Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 527 Practice for Numbering Metals and Alloys (UNS)4

E 1004 Practice for Determining Electrical Conductivity

Using the Electromagnetic (Eddy-Current) Method5

3. General Requirements

3.1 The following sections of Specification B 249 form a
part of this specification:

3.1.1 Material and Manufacture,
3.1.2 Sampling,
3.1.3 Number of Tests and Retests,
3.1.4 Specimen Preparation,
3.1.5 Significance of Numerical Limits,
3.1.6 Inspection,
3.1.7 Rejection and Rehearing,
3.1.8 Certification,
3.1.9 Test Reports, and
3.1.10 Packaging and Package Marking.

4. Terminology

4.1
4.1.1 For definitions of terms related to copper and copper

alloys, see Terminology B 846.
4.2 Definitions of Terms Specific to This Standard:
4.2.1 extrusion, n—a uniform metal shape, long in relation

to its cross-sectional dimensions, produced by forcing a suit-
ably preheated billet or pre-formed shape through an orifice
(die) of the desired cross section.

4.2.2 forging, n—a metal part worked to a predetermined
shape by one or more such processes as hammering, upsetting,
pressing, rolling, and so forth.

NOTE 1—Forged and extruded shapes in the context of this specifica-
tion are generally construed to be large section products; round, oval, half
round, geometric custom-ordered cross-sections, and asymmetrical metal
shapes. This is to generally differentiate products supplied according to
this document as opposed to forged and extruded “Rod and Bar” in
Specification B 441.

5. Ordering Information

5.1 Include the following information in orders for product:
5.1.1 ASTM designation and year of issue,
5.1.2 Copper Alloy UNS No. (Section 1),
5.1.3 Temper (Section 8) or condition (Section 11),
5.1.4 Drawing, when required, and

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes and Forgings.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
approved in 1996. Last previous edition approved in 1996 as B 870 - 96.

2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 01.01. 5 Annual Book of ASTM Standards, Vol 03.03.

1

*A Summary of Changes section appears at the end of this standard.
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5.1.5 Quantity: number of pieces or pounds.
5.2 The following requirements are optional under this

specification and shall be included in the contract or purchase
order, when specified.

5.2.1 Tension tests (Section 10),
5.2.2 Special marking or packaging (Specification B 249),
5.2.3 Inspection (Specification B 249),
5.2.4 Certification (Specification B 249),
5.2.5 Mill test report (Specification B 249),
5.2.6 Finish (Section 14), and
5.2.7 When material is purchased for agencies of the U.S.

government, this shall be specified in the contract or purchase
order, and the material shall conform to the supplementary
requirements as defined in the current issue of Specification
B 249.

6. Materials and Manufacture

6.1 Materials:
6.1.1 The material of manufacture should be a cast billet

conforming to the chemical composition requirements for the
alloy specified in the ordering information and shall be of such
purity and soundness as to be suitable for processing into the
product prescribed herein.

6.2 Manufacture:
6.2.1 The product shall be manufactured by hot working or

extrusion, solution heat-treating, precipitation hardening, and
straightening as may be necessary to meet the properties
specified.

7. Chemical Composition

7.1 The material shall conform to the chemical composition
in Table 1 for the alloy specified.

7.1.1 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and purchaser.

7.1.2 Copper, given as the remainder, is the difference
between the sum of results of all elements determined and
100 %.

7.1.3 When all elements listed in Table 1 for the alloy
specified in the ordering information are determined the sum of
results shall be 99.5 % minimum.

8. Temper

8.1 The standard temper designations available under this
specification and as prescribed in Classification B 601 are
solution heat treated TB00 (A) and precipitation heat treated
TF00 (AT).

9. Physical Property Requirements

9.1 Electrical Conductivity—Product supplied under this
specification shall conform to the conductivity requirements
prescribed in Table 2 after precipitation heat-treatment when
tested in accordance with Practice E 1004.

10. Mechanical Property Requirements

10.1 Hardness—The product furnished under this specifi-
cation shall conform to the hardness requirements prescribed in
Table 3, when tested in accordance with Test Method E 18.

10.2 Tensile—When specified in the contact or purchase
order, the product furnished shall conform to the tensile
properties in Table 3, when tested in accordance with Test
Methods E 8

11. Heat Treatment

11.1 The majority of the product supplied under this speci-
fication is in the TF00 (AT) temper. When product is purchased
in the TB00 (A) temper, it should be heat treated to a uniform
temperature in the range from 800 to 900°F (454 to 482°C) for
3 h and then air cooled.

NOTE 2—Special combination of properties may be obtained by special
heat treatments. These requirements shall be agreed upon by the manu-
facturer or supplier and purchaser.

12. Dimensions and Permissible Variations

12.1 The dimensions and tolerances for these product forms
shall be those shown on the drawing that forms a part of each
order or as agreed upon between the manufacturer and the
purchaser.

13. Workmanship, Finish, and Appearance

13.1 The product forms shall be of uniform quality and
condition and shall not have laps, cracks, bursts, or other
injurious defects that interfere with normal applications.

13.2 The purchaser shall specify in the order the condition
or finish required, such as, hot worked, hot worked and cleaned
by blasting, pickling, or machining.

14. Test Methods

14.1 Chemical Composition:
14.1.1 The chemical composition shall, in case of disagree-

ment, be determined in accordance with the applicable method
in Annex A2 of Specification B 194.

14.1.2 Test methods to be followed for the determination of
element(s) resulting from contractual or purchase-order agree-
ment shall be as agreed upon between the manufacturer and the
purchaser.

15. Keywords

15.1 copper beryllium extrusions; copper beryllium forg-
ings; UNS Alloy C17500; UNS Alloy C17510

TABLE 1 Chemical Requirements

Element

Concentration, %

Copper Alloy UNS No.
C17500

Copper Alloy UNS No.
C17510

Beryllium 0.4–0.7 0.2–0.6
Cobalt 2.4–2.7 0.3 max
Nickel ... 1.4–2.2
Iron, max 0.10 0.10
Aluminum, max 0.20 0.20
Silicon, max 0.20 0.20
Copper Remainder Remainder

TABLE 2 Electrical Conductivity

Temper IACS, min, %
TF00 (AT) 45
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 870 - 96)
that may impact the use of this standard.

(1) Document was revised to meet the requirements ofForm
and Style for ASTM Standards(Blue Book) and the Committee

B05 Outline of Form of Specifications(OFS).
(2) Added Test Methods E 8 to 2.1 and as reference in 10.2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 3 Mechanical Properties

Temper Designation
Size

Tensile Strength,
ksi (MPa)

Yield Strength,
ksi (MPa)

Rockwell Hardness
B ScaleStandard Former

TB00
Solution Heat-Treated

(A) All 30–55 (207–380) 10–30 (69–207) 50 max

TF00
Precipitation Hardened

(AT) Up to 4 in. incl. 100–130A (690–897) 80–100A (550–690) 92 min
Over 4 in. to 6 in. incl. 95–125A (655–863) 75–95A (517–656) 92 min
Over 6 in. to 8 in. incl. 90–120A (620–828) 70–90A (483–620) 92 min
Over 8 in. 80–100A (550–690) 60–80A (414–550) 90 min

A The upper limits are for design guidance only.
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Designation: B 882 – 00

Specification for
Pre-Patinated Copper for Architectural Applications 1

This standard is issued under the fixed designation B 882; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers the requirements for pre-
patinated (artificially aged) copper sheet and strip in ounce-
weight thicknesses supplied in flat lengths for roofing, flashing,
and other architectural applications.

1.2 The pre-patinated surface is the result of chemical
reaction with the copper and shall be applied on one side of the
product.

1.2.1 The pre-patinated surface formed is comparable in
color and ability to be bent or formed to the surface formed in
naturally occurring patinated copper.

1.3 The pre-patinated surface is not the result of coating
applications such as painting, cladding, or plating.

1.4 Materials made to this specification are not intended to
be used for electrical applications.

1.5 The values stated in inch-pound units are to be regarded
as the standard. The values given in parenthesis are for
information only.

NOTE 1—A companion specification for copper sheet and strip for
building construction is Specification B 370.

1.6 The following precautionary statement pertains only to
the test method portion, Section 12, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 248 Specification for General Requirements for Wrought

Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar2

B 370 Specification for Copper Sheet and Strip for Building
Construction2

B 571 Test Methods for Adhesion of Metallic Coatings3

B 601 Practice for Temper Designations for Copper and

Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials4

E 478 Test Methods for Chemical Analysis of Copper
Alloys5

G 23 Practice for Operating Light-Exposure Apparatus
(Carbon-Arc Type) With and Without Water for Exposure
of Nonmetallic Materials6

3. Terminology

3.1 Definitions
3.1.1 For definitions of terms related to copper and copper

alloys, refer to Terminology B 846.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 pre-patinated copper—copper that has been artifi-

cially aged under controlled and monitored conditions to
produce a protective surface that is within the range of colors
from green to turquoise.

4. Ordering Information

4.1 Orders for product produced to this specification should
include the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Ounce weight thickness of the base copper sheet (see

Table 1),
4.1.3 Temper (see Table 2),
4.1.4 Dimensions—Width and length of sheets, and
4.1.5 Quantity—Total weight or number of sheets of each

size.
4.2 The following requirements are optional and shall be

included in the purchase order or contract when required:
4.2.1 Certification,
4.2.2 Mill test reports, or
4.2.3 Supplementary requirements for agencies of the U.S.

Government as given in Specification B 248, or both.

5. General Requirements

5.1 The following sections of Specification B 248 constitute
a part of this specification:

5.1.1 Sampling,
1 This specification is under the jurisdiction of ASTM Committee B05 on Copper

and Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved Jan. 10, 2000. Published March 2000.
2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 02.05.

4 Annual Book of ASTM Standards,Vol. 03.01.
5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 07.01.

1
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5.1.2 Number of tests and retests,
5.1.3 Specimen preparation,
5.1.4 Test methods,
5.1.5 Significance of numerical limits,
5.1.6 Inspection,
5.1.7 Rejection and rehearing,
5.1.8 Certification,
5.1.9 Test reports,
5.1.10 Packaging and package markings, and
5.1.11 Supplementary requirements.
5.2 In addition, when a section with a title identical to that

referenced in 5.1 appears in this specification, it contains
additional requirements that supplement those appearing in
Specification B 248.

6. Materials and Manufacture

6.1 Materials—The base or starting material shall be copper
sheet or strip manufactured by any process that provides a
product that conforms to the requirements of Specification
B 370.

6.2 Manufacture:
6.2.1 The pre-patinated surface shall be the result of chemi-

cal treatment that artificially ages the base metal, under
controlled conditions, to form the green- to turquoise-colored
protective layer.

6.2.2 The untreated side of the copper sheet is permitted to
have a dull appearance. Stains or discolorations are permitted
as long as they do not interfere with the function of the product.

7. Chemical Composition

7.1 The copper sheet shall have a minimum copper content
of 99.9 % (including silver) as prescribed in Specification
B 370.

7.1.1 Any copper that complies with 7.1 shall be acceptable.
7.2 When limits for unnamed elements are required, those

limits shall be established, and the concentration of such
elements determined by agreement between the manufacturer
and the purchaser.

7.3 The artificial patina is composed of metallic salts which
are also found in naturally occurring patinas.

8. Temper

8.1 The nonpatinated base copper sheet, referred to in 6.1 of
this specification, is commercially available in the following

tempers as defined by Practice B 601: H00 (eighth hard,
cold-rolled), H01 (quarter hard, cold-rolled high yield), and
H02 (half hard) temper.

8.1.1 Unless otherwise specified, the product is normally
supplied in the H00 (eighth hard, cold-rolled) temper.

9. Mechanical Properties

9.1 Tensile Strength:
9.1.1 The nonpatinated base copper sheet material shall

conform to the requirements of Table 2, for the temper
specified in the purchase order, when tested in accordance with
Test Methods E 8.

9.1.2 The tension test results shall be the basis for purchaser
acceptance or rejection based upon mechanical properties.

9.2 Rockwell Hardness:
9.2.1 Since Rockwell hardness tests offer a quick and

convenient method of checking the conformity of the product
to the requirements of tensile strength, approximate Rockwell
hardness values are given in Table 2 for general information
and assistance in testing.

9.2.1.1 The hardness testing must be performed on a non-
patinated surface, and the values obtained shall not be used as
a basis for rejection.

10. Dimensions, Mass, and Permissible Variations

10.1 Thickness:
10.1.1 The standard method of measuring the thickness of

the nonpatinated base sheet shall be by ounce-weight.
10.1.1.1 The corresponding theoretical thickness in inches

for the standard ounce-weights is shown in Table 1.
10.1.2 The minimum thickness permitted at any point on the

nonpatinated base sheet shall be as specified in Table 1.
10.1.2.1 The thickness of the patinated product shall not be

less than the thickness of the base copper sheet.
10.2 Weight Tolerances:
10.2.1 Lot-weight tolerances of the nonpatinated starting

material, based on case-weight lots of approximately 1000 lbs
(455 kg), shall be as specified in Table 1.

10.2.1.1 Other case-weight lot sizes are permitted when
agreed upon between the purchaser and supplier.

10.2.1.2 Lot-weight tolerances of the patinated material
shall not increase the case weight lots of the nonpatinated metal
by more than 2 % or as agreed upon between the purchaser and
manufacturer.

10.3 Width:
10.3.1 The width tolerance for slit metal shall be as shown

in Table 3.
10.3.2 The width tolerances for square-sheared metal shall

be as shown in Table 4.
10.4 Length:
10.4.1 Specific and stock length tolerances shall be as

shown in Table 5.
10.4.2 Square sheared metal length tolerances shall be as

shown in Table 6.
10.5 Straightness:
10.5.1 The straightness or edgewise curvature (depth of arc)

tolerance measured in any 72-in. (1.8-m) portion of the total
length shall be as follows:

10.5.1.1 For slit metal—As shown in Table 7 and

TABLE 1 Thickness and Weight Tolerances of Sheet and Strip

Ounce-Weight/ft2
Theoretical
Thickness,A

in. (mm)

Minimum Thickness
at Any Point,

in. (mm)

Lot-Weight
Tolerances, Plus
and Minus %B

6 0.0081 (0.206) 0.0071 (0.180) 10
8 0.0108 (0.274) 0.0097 (0.246) 8

10 0.0135 (0.343) 0.0124 (0.315) 6
12 0.0162 (0.411) 0.0150 (0.381) 5
16 0.0216 (0.549) 0.0204 (0.518) 4
20 0.0270 (0.686) 0.0258 (0.655) 3.5
24 0.0323 (0.820) 0.0308 (0.782) 3.5
32 0.0431 (1.09) 0.0411 (1.04) 3
48 0.0646 (1.64) 0.0621 (1.58) 2

ABased on a density of 0.322 lb/in.3 (8.91 g/cm3).
BLot-weight tolerances are the permissible deviation from the theoretical weight

of the number of sheets comprising a case or crate (normally approximately 1000
lbs or 550 kg).

B 882 – 00

2



10.5.1.2 For square-sheared metal as shown in Table 8.

11. Workmanship, Finish and Appearance

11.1 The pre-patinated copper surface shall be applied to
only one side of the product and shall have a green to turquoise
color that is similar in texture and appearance to patina that
typically forms on copper when exposed to any form of
weather.

11.1.1 The pre-patinated copper surface will not fade upon
exposure to ultraviolet light; however, some color change is
normal upon exposure to weather for a brief period of time
(few months).

11.1.1.1 Any concern the purchaser may have as to color
fade must be discussed with the supplier, and any testing shall
be done in accordance with agreed upon conditions available in
Practice G 23.

11.1.2 The product can be bent, formed, or given edging
operations as is considered normal in roofing, flashing, and
other applications.

11.1.2.1 Minor flaking of the pre-patinated surface in the
vicinity of worked areas is permitted as the pre-patinated
surface will self-heal over time where abraded or marred.

11.1.2.2 Testing for the adhesiveness of the pre-patinated
coating and its resistance to flaking shall be done in accordance
with the bend test section of Test Method B 571.

11.2 Acceptance or rejection based on color shall be by
mutual agreement between producer and consumer.

12. Test Methods

12.1 The chemical composition of the base copper sheet
shall, in case of disagreement, be determined by Test Methods
E 478.

12.2 Color Fade Resistance—See Practice G 23.
12.3 Resistance to Flaking—See Test section of Specifica-

tion B 571.

13. Keywords

13.1 architectural copper; building construction; flashing;
pre-patinated copper; roofing copper

TABLE 2 Mechanical Properties

Temper Designation Tensile Strength, ksi (MPa)
Yield Strength, at
0.5 % Extension
Under Load, min,

ksi (MPa)

Approximate Rockwell HardnessA

(for Information Only)

Standard Former min max F Scale Superficial 30

H00 cold-rolled 32 (220) 40 (273) 20 (135) 54 to 82 15 to 49
H01 cold-rolled, high yield 34 (235) 42 (290) 28 (190) 60 to 84 18 to 51
H02 half hard 37 (255) 46 (315) 30 (205) 77 to 89 43 to 57

ARockwell hardness values apply as follows: The F scale applies to only 32- and 48-oz-weight/ft2 metal; the superficial 30T scale applies to lesser ounce-weight/ft2 metal.

TABLE 3 Width Tolerances for Slit Metal

Width, in. (mm)
Width Tolerances, Plus

and Minus, in. (mm)
Up to 24 (610), incl 1⁄64 (0.40)
Over 24 to 36 (610 to 914), incl 3⁄64 (1.2)

TABLE 4 Width Tolerances for Square-Sheared Metal

Width, in. (mm)
Width Tolerances, Plus

and Minus, in. (mm)

Up to 24 (610), incl 1⁄32 (0.79)
Over 24 to 36 (610 to 914), incl 3⁄64 (1.2)
Over 36 (914) 1⁄16 (1.6)

TABLE 5 Length Tolerances for Specific and Stock Lengths

Length, in. (m)
Length Tolerance (Applicable Only to

Full-Length Pieces), in. (mm)
Specific lengths 120 (3) and under 1⁄4 (6.4) (all plus)

TABLE 6 Length Tolerances for Square-Sheared Metal

Length, in. (m)
Length Tolerance Plus and Minus,

in. (mm)
Over 36 to 120 (0.9 to 3), incl 1⁄16 (2)

TABLE 7 Straightness Tolerances for Slit Metal

NOTE 1—Maximum edgewise curvature (depth of arc) in any 72-in.
(1.83-m) portion of the total length.

Width, in. (mm) Straightness Tolerance, in. (mm)
Over 4 to 24 (102 to 610), incl 1⁄2 (13)

TABLE 8 Straightness Tolerances for Square-Sheared Metal

NOTE 1—Maximum edgewise curvature (depth of arc) in any 72-in.
(1.83-m) portion of the total length (not applicable to metal over 120 in.
(3.05 m) in length).

Straightness Tolerances, in. (mm)
Up to 10 in. (254 mm)

incl. in Width
Over 10 in. (254 mm)

in Width
All thicknesses 1⁄16 (1.6) 1⁄32 (0.79)
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
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Designation: B 888 – 04

Standard Specification for
Copper Alloy Strip for Use in Manufacture of Electrical
Connectors or Spring Contacts 1

This standard is issued under the fixed designation B 888; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification establishes the requirements for cop-
per alloy strip for use in the manufacture of electrical connec-
tors or spring contacts produced from one of the following
Copper Alloy UNS Nos.2: C14530, C15100, C15500, C19010,
C19025, C19210, C19400, C19500, C19700, C23000,
C26000, C40810, C40850, C40860, C42200, C42500,
C42520, C42600, C50580, C50780, C51000, C51080, C51100,
C51180, C51980, C52100, C52180, C52480, C63800, C65400,
C68800, C70250, C70260, C70265, C75200, and C76200.

1.2 The requirements for the other copper alloys such as
beryllium copper UNS C17000, C17200, C17400, C17410,
C17500, and C17510 shall be as prescribed in the current
edition of Specifications B 194, B 768, and B 534, and copper-
nickel-tin spinodal, UNS C72650, C72700, and C72900 shall
be as prescribed in the current edition of Specification B 740.

1.3 The values stated in either inch-pound units or SI units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in noncompliance with
this specification.

2. Referenced Documents

2.1 ASTM Standards:3

B 193 Test Method for Resistivity of Electrical Conductor
Material

B 194 Specification for Copper-Beryllium Alloy Plate,
Sheet, Strip, and Rolled Bar

B 248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar

B 248M Specification for General Requirements for
Wrought Copper and Copper-Alloy Plate, Sheet, Strip, and
Rolled Bar [Metric]

B 534 Specification for Copper-Cobalt-Beryllium Alloy and
Copper-Nickel-Beryllium Alloy Plate, Sheet, Strip, and
Rolled Bar

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast

B 740 Specification for Copper-Nickel-Tin Spinodal Alloy
Strip

B 768 Specification for Copper-Cobalt-Beryllium Alloy
Strip and Sheet

B 820 Test Method for Bend Test for Formability of Copper
Alloy Spring Material

B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials
E 8M Test Methods for Tension Testing of Metallic Mate-

rials [Metric]
E 54 Test Methods for Chemical Analysis of Special

Brasses and Bronzes4

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Method)

E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys

E 478 Test Methods for Chemical Analysis of Copper
Alloys

E 527 Practice for Numbering Metals and Alloys (UNS)
2.2 ISO Standards:
ISO 4744 Copper and Copper Alloys—Determination of

Chromium Content - Flame Atomic Absorption Spectro-
metric Method5

1 This specification is under the jurisdiction of Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.01 on Plate,
Sheet, and Strip.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1998. Last previous edition approved in 2003 as B 888 – 03.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “c” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Withdrawn.
5 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,

4th Floor, New York, NY 10036.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



ISO 7602 Copper and Copper Alloys—Determination of
Tellurium Content5

3. Terminology

3.1 Definitions—For definition of terms used in this speci-
fication, refer to Terminology B 846.

4. General Requirements

4.1 For product furnished under this specification in English
units, the following sections of Specification B 248 must
constitute a part of this specification. For product furnished
under this specification in the SI units, the following sections
of Specification B 248M must constitute a part of this specifi-
cation.

4.1.1 Terminology,
4.1.2 Materials and Manufacture,
4.1.3 Dimensions, Weights, and Permissible Variations,
4.1.4 Workmanship, Finish, and Appearance,
4.1.5 Sampling,
4.1.6 Number of Tests and Retests,
4.1.7 Specimen Preparation,
4.1.8 Test Methods,
4.1.9 Significance of Numerical Limits,
4.1.10 Certification,
4.1.11 Test Reports, and
4.1.12 Packaging and Package Marking.
4.2 In the event of a conflict between this specification and

Specification B 248 or B 248M, the requirements of this
specification shall take precedence.

5. Classification

5.1 Product produced to this specification is classified as
strip material to be used for spring contact or electrical and
electronic connector applications only.

6. Ordering Information

6.1 Contract or purchase orders for product under this
specification should include the following information:

6.1.1 ASTM designation and year of issue,
6.1.2 UNS alloy designation,
6.1.3 Dimensions, for example, thickness, width,
6.1.4 Quantity, and
6.1.5 Temper (Section 8).
6.2 The following options are available under this specifi-

cation and shall be specified in the contract or purchase order
when required:

6.2.1 Type of edge: slit, sheared, sawed, square corners,
rounded corners, rounded edges, or full-rounded edges (Sec-
tion 11),

6.2.2 Width and straightness tolerances, slit-metal toler-
ances, square-sheared metal tolerances, sawed metal toler-
ances, straightened or edge-rolled metal tolerances (Section
11),

6.2.3 Identification marking (Section 22),
6.2.4 Certification (Section 20),
6.2.5 Mill test report (Section 21), and
6.2.6 How packaged: coil wound in traverse or pancake

style (Section 22).
6.2.6.1 Number of strip lengths per coil,
6.2.6.2 Size and weight of each coil, and
6.2.7 The electrical resistivity or any other physical and

electrical properties (See Table X1.1).

7. Materials and Manufacture

7.1 Material—The material of manufacture shall be a cast
bar, slab, cake, billet, or other form of the composition given in
Table 1 for the specified alloy, suitable for processing into the
product prescribed in this specification.

7.2 Manufacture—The product shall be produced by either
hot- or cold-working operation. It shall be finished, unless
otherwise specified, by such hot working, cold working,
annealing, or heat treatment as may be necessary to meet the
properties specified in Table 2.

7.3 Edges—The edges shall be slit or rolled edges as
specified by the buyer. Slit edges shall be furnished unless
otherwise specified or agreed upon between the purchaser and
supplier or manufacturer.

8. Chemical Composition

8.1 The materials shall conform to the chemical composi-
tional requirements in Table 1 for the corresponding Copper
Alloy UNS Number designation specified in the ordering
information.

8.2 These composition limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established and analysis required by agreement between manu-
facturer or supplier and purchaser when required.

8.3 Copper, when given as the remainder, is determined as
the difference between the sum of results for all elements
determined and 100 %.

8.4 Zinc, when given as the remainder, is determined as the
difference between the sum of results for all elements deter-
mined and 100 %.

8.4.1 For those copper alloys in which zinc is given as the
remainder, copper may be determined by difference; however,
when so determined, the result shall conform to the limits
prescribed in Table 1.

8.5 When all elements listed in Table 1 for the Copper Alloy
UNS Number specified in the ordering information are deter-
mined, the sum of results shall be 99.8 % minimum, except for
UNS No. C26000, C42200, and C42500, which shall be

B 888 – 04
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TABLE 2 Mechanical Requirements

Temper Designation Tensile Strength, ksi Tensile Strength, MPa
Yield Strength

(0.2 % Offset), ksi

Yield Strength
(0.2 % Offset),

MPa
Elongation, %

Standard Former min max min max min min min

Copper Alloy UNS NO. C14530

H01 1⁄4 hard 35 45 240 310 26 180 7
H02 1⁄2 hard 40 50 275 345 33 230 5
H03 3⁄4 hard 44 54 305 370 39 270 3
H04 hard 47 57 325 395 43 295 2
H06 extra hard 50 60 345 415 47 325 1
H08 spring 54 64 370 440 51 350 1
H10 extra spring 58 . . . 400 . . . 56 385 . . .

Copper Alloy UNS NO. C15100

O61 annealed 37 42 255 290 9 60 35
H01 1⁄4 hard 40 45 275 310 26 180 11
H02 1⁄2 hard 43 51 295 350 35 240 3
H03 3⁄4 hard 47 56 325 385 45 310 1
H04 hard 53 62 365 425 51 350 1
H06 extra hard 59 65 405 450 57 395 1
H08 spring 64 71 440 490 62 425 1

Copper Alloy UNS NO. C15500

O61 annealed 34 43 235 295 15 105 30
H02 1⁄2 hard 45 55 310 380 38 260 13
H04 hard 56 64 385 440 50 345 6
H06 extra hard 63 72 435 495 56 385 5
H08 spring 65 73 450 505 60 415 4
H10 extra spring 68 75 470 515 63 435 3

Copper Alloy UNS NO. C19010

TM03 3⁄4 HM 67 77 460 520 50 340 12
TM04 HM 71 81 490 560 60 410 10
TM06 XHM 75 86 520 590 64 440 8
TM08 SHM 84 . . . 580 . . . 74 510 6
H01 1⁄4 hard 52 64 360 430 40 275 8
H02 1⁄2 hard 60 70 410 470 54 370 7
H03 3⁄4 hard 67 77 460 520 62 410 5
H04 hard 71 81 490 560 66 435 4
H06 extra hard 75 86 520 590 72 460 3
H08 spring 84 95 580 655 78 520 2
H10 extra spring 95 . . . 655 . . . 85 585 1

Copper Alloy UNS NO. C19025

HR01 1⁄4 hard 49 68 340 470 42 290 15
HR02 1⁄2 hard 63 76 435 525 58 400 9
HR04 hard 72 83 495 570 68 470 5
HR06 extra hard 78 89 540 615 74 510 4
HR08 spring 84 95 580 655 81 560 . . .
HR10 extra spring 91 106 625 730 88 605 . . .

Copper Alloy UNS NO. 19210

O61 annealed 27 42 190 290 16 110 30
H01 1⁄4 hard 43 53 300 365 20 135 20
H02 1⁄2 hard 47 60 325 410 44 310 5
H03 3⁄4 hard 52 62 355 425 50 345 4
H04 full hard 56 66 385 455 54 355 3
H06 extra hard 60 70 410 480 58 400 2
H08 spring hard 64 74 440 510 62 425 1
H10 extra spring 66 . . . 455 . . . 64 440 1

Copper Alloy UNS NO. C19400

O61 annealed 40 63 275 435 16 110 10
H02 1⁄2 hard 53 63 365 435 36 250 6
H04 full hard 60 70 415 485 53 365 3
H06 extra hard 67 73 460 505 64 440 2
H08 spring hard 70 76 485 525 67 460 2
H10 extra spring 73 80 505 550 70 485 1

Copper Alloy UNS NO. C19500

O61 annealed 50 60 345 415 21 145 22
H01 1⁄4 hard 60 72 415 495 45 310 5
H02 1⁄2 hard 68 78 470 540 66 455 3
H03 3⁄4 hard 75 85 515 585 72 495 2

B 888 – 04
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TABLE 2 Continued

Temper Designation Tensile Strength, ksi Tensile Strength, MPa
Yield Strength

(0.2 % Offset), ksi

Yield Strength
(0.2 % Offset),

MPa
Elongation, %

Standard Former min max min max min min min

H04 full hard 82 90 565 620 79 545 2
H08 spring 88 97 605 670 85 585 1

Copper Alloy UNS NO. C19700

O61 annealed 43 53 295 365 16 110 20
H02 1⁄2 hard 53 63 365 435 36 250 6
H04 full hard 60 70 415 485 53 365 2
H06 extra hard 67 73 460 505 64 440 2
H08 spring hard 70 76 485 525 67 460 2
H10 extra spring 73 80 505 550 70 485 1

Copper Alloy UNS NO. C23000

O61 annealed 39 47 270 325 8 55 43
H01 1⁄4 hard 44 54 305 370 23 160 15
H02 1⁄2 hard 51 61 350 420 43 295 8
H03 3⁄4 hard 57 67 395 460 51 350 4
H04 hard 63 72 435 495 57 395 4
H06 extra hard 72 80 495 550 65 450 3
H08 spring 78 86 540 595 69 475 3
H10 extra spring 82 90 565 620 73 505 2

Copper Alloy UNS NO. C26000

O61 annealed 45 61 310 420 10 70 40
H01 1⁄4 hard 49 59 340 405 21 145 34
H02 1⁄2 hard 57 67 395 460 42 290 19
H03 3⁄4 hard 64 74 440 510 55 380 8
H04 hard 71 81 490 560 67 460 6
H06 extra hard 83 92 570 635 79 545 2
H08 spring 91 100 625 690 82 565 1
H10 extra spring 95 104 655 715 86 595 1

Copper Alloy UNS NO. C40810

H02 1⁄2 hard 57 73 395 505 41 285 20
H04 hard 75 87 515 600 68 470 8
H06 extra hard 88 97 605 670 84 580 6
H08 spring 92 100 635 690 88 605 4

Copper Alloy UNS NO. C40850

H02 1⁄2 hard 57 73 395 505 41 285 20
H04 hard 75 87 515 600 68 470 8
H06 extra hard 88 97 605 670 84 580 6
H08 spring 92 104 635 715 90 620 4

Copper Alloy UNS NO. C40860

H02 1⁄2 hard 56 72 385 495 40 275 20
H04 hard 73 86 505 595 66 455 8
H06 extra hard 86 96 595 660 84 580 6
H08 spring 90 103 620 710 88 605 4

Copper Alloy UNS NO. C42200

O61 annealed 41 49 285 340 12 85 43
H01 1⁄4 hard 47 57 325 395 21 145 17
H02 1⁄2 hard 54 65 370 450 48 330 6
H03 3⁄4 hard 60 72 415 495 58 400 4
H04 hard 67 79 460 545 67 460 3
H06 extra hard 75 85 515 585 72 495 2
H08 spring 82 92 565 635 77 530 2
H10 extra spring 88 . . . 605 . . . 82 565 1

Copper Alloy UNS NO. C42500

O61 annealed 41 47 285 325 13 90 47
H01 1⁄4 hard 49 59 340 405 20 140 24
H02 1⁄2 hard 57 69 395 475 51 350 13
H03 3⁄4 hard 62 74 425 510 58 400 10
H04 hard 70 82 485 565 66 455 6
H06 extra hard 76 88 525 605 73 505 5
H08 spring 84 94 580 650 81 560 3
H10 extra spring 92 . . . 635 . . . 87 600 . . .

Copper Alloy UNS NO. C42520
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TABLE 2 Continued

Temper Designation Tensile Strength, ksi Tensile Strength, MPa
Yield Strength

(0.2 % Offset), ksi

Yield Strength
(0.2 % Offset),

MPa
Elongation, %

Standard Former min max min max min min min

H02 1⁄2 hard 67 82 460 565 60 415 20
H04 hard 80 95 550 655 75 515 8
H06 extra hard 90 105 620 725 85 585 6
H08 spring 95 110 655 760 90 620 4
H10 extra spring 100 115 690 795 95 655 3

Copper Alloy UNS NO. C42600

H02 1⁄2 hard 72 87 495 600 65 450 12
H04 hard 85 100 585 690 80 550 8
H06 extra hard 97 112 670 770 92 635 6
H08 spring 108 123 745 850 103 710 3
H10 extra spring 114 128 785 885 110 760 1

Copper Alloy UNS NO. C50580

H02 1⁄2 hard 56 71 385 490 51 350 15
H04 hard 69 84 475 580 66 455 8
H06 extra hard 74 89 510 615 71 490 6
H08 spring 79 94 545 650 77 530 5

Copper Alloy UNS NO. C50780

H02 1⁄2 hard 58 74 400 510 43 295 15
H04 hard 75 88 515 605 65 450 8
H06 extra hard 83 97 570 670 76 525 5
H08 spring 86 100 595 690 81 560 3

Copper Alloy UNS NO. C51000

O61 annealed 46 56 315 385 19 130 48
H01 1⁄4 hard 49 61 340 420 22 150 32
H02 1⁄2 hard 58 73 400 505 47 325 10
H03 3⁄4 hard 68 79 470 545 61 420 10
H04 hard 76 91 525 625 74 510 9
H06 extra hard 88 103 605 710 85 585 2
H08 spring 95 110 655 760 92 635 1
H10 extra spring 100 114 690 785 98 675 1

Copper Alloy UNS NO. C51080

H02 1⁄2 hard 87 102 600 705 83 670 8
H04 hard 100 115 690 795 96 660 6
H06 extra hard 105 120 725 825 101 695 4
H08 spring 110 125 760 860 107 740 1

Copper Alloy UNS NO. C51100

O61 annealed 46 54 315 370 16 110 45
H01 1⁄4 hard 46 58 315 400 20 140 25
H02 1⁄2 hard 55 70 380 485 42 290 12
H03 3⁄4 hard 67 82 460 565 64 440 6
H04 hard 72 87 495 600 70 485 2
H06 extra hard 84 99 580 685 81 560 1
H08 spring 91 105 625 725 88 605 1
H10 extra spring 96 109 660 750 92 635 1

Copper Alloy UNS NO. C51180

H02 1⁄2 hard 83 98 570 675 78 540 15
H04 hard 97 112 670 770 93 640 8
H06 extra hard 102 117 705 805 98 675 5
H08 spring 105 120 725 825 103 710 2

Copper Alloy UNS NO. C51980

H02 1⁄2 hard 90 105 620 725 86 595 18
H04 hard 103 118 710 815 99 685 10
H06 extra hard 109 124 750 855 105 725 6
H08 spring 115 130 795 895 112 770 2

Copper Alloy UNS NO. C52100

O61 annealed 56 65 385 450 23 160 60
H01 1⁄4 hard 63 75 435 515 35 240 40
H02 1⁄2 hard 69 84 475 580 51 350 25
H03 3⁄4 hard 80 92 550 635 70 485 18
H04 hard 85 100 585 690 78 540 12
H06 extra hard 97 112 670 770 92 635 10
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TABLE 2 Continued

Temper Designation Tensile Strength, ksi Tensile Strength, MPa
Yield Strength

(0.2 % Offset), ksi

Yield Strength
(0.2 % Offset),

MPa
Elongation, %

Standard Former min max min max min min min

H08 spring 105 119 725 820 100 690 3
H10 extra spring 110 122 760 840 105 725 2

Copper Alloy UNS NO. C52180

H02 1⁄2 hard 95 110 655 760 90 620 20
H04 hard 107 122 740 840 105 725 10
H06 extra hard 112 128 770 885 108 745 6
H08 spring 120 140 825 965 118 815 2
H10 extra spring 125 145 860 1000 120 825 2

Copper Alloy UNS NO. C52480

H02 1⁄2 hard 102 118 705 815 96 660 15
H04 hard 114 128 785 885 112 770 6
H06 extra hard 120 136 825 940 118 815 4
H08 spring 130 150 895 1035 127 875 2
H10 extra spring 136 156 940 1075 135 930 1

Copper Alloy UNS NO. C63800

O61 annealed 77 87 530 600 45 310 27
H01 1⁄4 hard 90 102 620 705 75 515 12
H02 1⁄2 hard 100 112 690 770 87 600 7
H03 3⁄4 hard 105 117 725 805 93 640 5
H04 hard 114 126 785 870 102 705 3
H06 extra hard 118 130 815 895 106 730 2
H08 spring 123 134 850 925 111 765 2
H10 extra spring 130 . . . . . . . . . 119 820 . . .

Copper Alloy UNS NO. C65400

H01 1⁄4 hard 75 90 515 620 45 310 21
H02 1⁄2 hard 86 101 595 695 66 455 11
H03 3⁄4 hard 97 112 670 770 82 565 6
H04 hard 108 120 745 825 94 650 3
H06 extra hard 116 126 800 870 102 705 2
H08 spring 124 133 855 915 112 770 2
H10 extra spring 131 140 905 965 118 815 1

Copper Alloy UNS NO. C68800

O61 annealed 77 87 530 600 44 305 30
H01 1⁄4 hard 87 101 600 695 63 435 10
H02 1⁄2 hard 97 112 670 770 82 565 3
H04 hard 106 120 730 825 95 655 2
H06 extra hard 113 127 780 875 102 705 2
H08 spring 123 133 850 915 111 765 1
H10 extra spring 130 . . . 895 . . . 117 805 1

Copper Alloy UNS NO. C70250

TM00 AM 90 110 620 760 65 450 10
TM02 1⁄2 HM 95 120 655 825 83 585 7
TM03 3⁄4 HM 100 125 690 860 95 655 5

Copper Alloy UNS NO. C70260 and UNS NO. C70265

TM00 AM 80 100 550 690 65 450 10
TM01 1⁄4 HM 90 105 620 720 75 515 6
TM02 1⁄2 HM 90 110 620 760 85 585 4
TM03 3⁄4 HM 105 120 720 825 95 655 2
TM04 HM 110 125 760 860 100 685 1

Copper Alloy UNS NO. C75200

O61 annealed 53 63 365 435 18 125 29
H01 1⁄4 hard 58 72 400 495 26 180 14
H02 1⁄2 hard 66 80 455 550 48 330 6
H03 3⁄4 hard 74 86 510 595 69 475 4
H04 hard 78 91 540 625 75 515 3
H06 extra hard 86 98 595 675 85 585 3
H08 spring 90 101 620 695 88 605 1
H10 extra spring 96 . . . 660 . . . 95 655 1

Copper Alloy UNS NO. C76200

O61 annealed 57 75 395 515 21 145 32
H01 1⁄4 hard 65 81 450 560 36 250 20
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99.7 % minimum, and UNS C51000, C51100, C52100,
C19010, C70260, C70265, C75200, and C76200, which shall
be 99.5 % minimum.

9. Temper

9.1 Tempers, as defined in Classification B 601, available
under this specification are as follows:

Temper Designation6

Standard Former

O61 annealed
H01 1⁄4 hard
H02 1⁄2 hard
H03 3⁄4 hard
H04 hard
H06 extra hard
H08 spring
H10 extra spring
TM00 AM
TM01 1⁄4 HM
TM02 1⁄2 HM
TM03 3⁄4 HM
TM04 HM
TM06 XHM
TM08 SHM

9.2 Rolled (H) Material—The standard tempers of rolled
products are as designated in Table 2 with the prefix “H.”
Former designations and the standard designations as defined
in Classification B 601 are shown.

9.3 Mill Hardened (TM) Material—The standard tempers of
mill hardened products are as designated in Table 2 with the
prefix “TM.” Former designations and the standard designa-
tions as defined in Classification B 601 are shown.

NOTE 1—The properties for product in special or nonstandard tempers
are subject to negotiation between the manufacturer and the purchaser.

10. Mechanical Property Requirements

10.1 Product ordered to this specification shall conform to
the requirements prescribed in Table 2 for the alloy and temper
specified in the contract or purchase order.

10.1.1 The ultimate tensile strength, 0.2 % offset minimum
yield strength, and the minimum elongation properties shall be
the basis for acceptance or rejection when tested in accordance
with Test Methods E 8 or E 8M.

10.1.1.1 Product ordered to this specification in inch-pound
units shall be tested in accordance with Test Methods E 8 and
shall conform to tensile strength, 0.2 % offset minimum yield
strength, and minimum elongation requirements prescribed in
ksi units in Table 2.

10.1.1.2 Product ordered to this specification in SI units
shall be tested in accordance with Test Methods E 8M and shall
conform to tensile strength, 0.2 % offset minimum yield
strength, and minimum elongation requirements prescribed in
MPa units in Table 2.

11. Dimensions, Mass, and Permissible Variations

11.1 The dimensions and tolerances for product under this
specification shall be as prescribed in Specifications B 248 or
B 248M, with particular reference to Section 5 and the follow-
ing tables of those specifications:

11.1.1 Thickness—see Paragraph 5.2 and Table 1.
11.1.2 Width:
11.1.2.1Slit Metal and Slit Metal with Rolled Edges—see

Paragraph 5.3 and Table 4.
11.1.2.2Square Sheared Metal—see Paragraph 5.3 and

Table 5.
11.1.2.3Sawed Metal—see Paragraph 5.3 and Table 6.
11.1.3 Length:
11.1.3.1 Specific and Stock Lengths with and without

Ends—see Paragraph 5.4 and Table 7.
11.1.3.2Schedule of Lengths (Specific and Stock) with

Ends—see Paragraph 5.4 and Table 8.
11.1.3.3Length Tolerances for Squared Sheared Metal—

see Paragraph 5.4 and Table 9.
11.1.3.4Length Tolerances for Sawed Metal—see Para-

graph 5.4 and Table 10.
11.1.4 Straightness:
11.1.4.1Slit Metal or Slit Metal Either Straightened or Edge

Rolled—see Paragraph 5.5 and Table 11.
11.1.4.2Square Sheared Metal—see Paragraph 5.5 and

Table 12.
11.1.4.3Sawed Metal—see Paragraph 5.5 and Table 13.

12. Workmanship, Finish and Appearance

12.1 The product shall be free of defects, well cleaned, and
free of dirt. A superficial film of residual light lubricant is
normally present and is acceptable unless otherwise specified.
The surface finish and appearance of the material shall be as
prescribed in Specification B 248 unless otherwise specified.

6 All tempers are subject to product limitations, and the manufacturer should be
consulted.

TABLE 2 Continued

Temper Designation Tensile Strength, ksi Tensile Strength, MPa
Yield Strength

(0.2 % Offset), ksi

Yield Strength
(0.2 % Offset),

MPa
Elongation, %

Standard Former min max min max min min min

H02 1⁄2 hard 75 91 515 625 58 400 6
H03 3⁄4 hard 83 98 570 675 73 505 4
H04 hard 90 105 620 725 82 565 3
H06 extra hard 101 114 695 785 93 640 1
H08 spring 109 122 750 840 101 695 1
H10 extra spring 114 . . . 785 . . . 102 705 1
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13. Sampling

13.1 The lot size, portion size, and selection of sample
pieces shall be as prescribed in the sampling section of
Specification B 248 or B 248M.

14. Specimen Preparation

14.1 The specimen preparation procedure to be used for the
products covered by this specification shall be as prescribed in
the specimen preparation section of Specification B 248 or
B 248M.

15. Test Methods

15.1 Test methods used for quality control or production
control, or both, for determining conformance to product
property requirements are discretionary.

15.1.1 Test methods used to obtain data for the preparation
of certification or test report shall be made available to the
purchaser on request.

15.2 Chemical Analysis—In case of disagreement, the test
method to be followed for a specific element and range or
maximum concentration shall be as indicated in Table 3 for
alloys listed in Table 1.

15.2.1 The determination of magnesium and zirconium, for
which no recognized test method is known to be published,
shall be subject to agreement between the manufacturer or
supplier and the purchaser.

15.3 Tensile Strength—The tensile strength must be deter-
mined in accordance with Test Methods E 8.

15.4 Yield Strength—The yield strength shall be determined
in accordance with Test Methods E 8.

15.5 Elongation—The elongation shall be determined in
accordance with Test Methods E 8.

16. Number of Tests and Retests

16.1 The number of tests and retests procedure to be used
for the products covered by this specification shall be as
prescribed in the Number of Tests and Retests section of
Specification B 248 or B 248M.

17. Significance of Numerical Limits

17.1 For significance of numerical limits, refer to Specifi-
cation B 248 or B 248M.

18. Inspection

18.1 The manufacturer or supplier shall inspect and make
tests necessary to verify that the product furnished conforms to
the requirements specified for the product.

19. Rejection and Rehearing

19.1 Rejection:
19.1.1 Product that fails to conform to the requirements of

the product specification may be rejected.
19.1.2 The rejection shall be reported to the manufacturer or

the supplier, promptly and in writing.
19.1.3 In case of disagreement or dissatisfaction with the

results of the test upon which rejection was based, the
manufacturer or supplier may make claim for a rehearing.

19.2 Rehearing:
19.2.1 As a result of product rejection, the manufacturer or

supplier may make claim for retest to be conducted by the
manufacturer or supplier and the purchaser. Samples of the
rejected product shall be taken in accordance with the product
specification and tested by both parties as directed in the
product specification, or alternatively, upon agreement by both
parties, an independent laboratory may be selected for the tests
using the test methods prescribed in the specification.

20. Certification

20.1 When specified in the purchase order or contract, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and requirements have been met. When
specified in the purchase order or contract, a report of the test
results shall be furnished.

21. Mill Test Report

21.1 When specified in the purchase order or contract, the
manufacturer or supplier shall furnish to the purchaser a
manufacturer’s test report showing the results of the required
tests.

22. Packaging and Package Marking

22.1 Packaging—The material shall be separated by size,
composition, and temper and prepared for shipment in such
manner as to ensure acceptance by common carrier for
transportation and afford protection from normal hazards of
transportation.

22.2 Package Marking—Each shipping unit shall be legibly
marked with the purchase order number, specification number,
alloy designation, temper, gross and net weight, and name of
supplier.

22.3 Product shall be supplied in coils wound in traverse or
pancake style as specified in the purchase order or contract.

22.3.1 Product supplied in coils wound in pancake style
shall be with or without interleaf paper as required by the
purchaser.

23. Keywords

23.1 coefficient of thermal expansion; density; electrical
conductivity; electrical connectors; electrical resistivity; elon-
gation; modulus of elasticity; spring contacts; thermal conduc-
tivity; yield strength; UNS No. C14530; UNS No. C15100;

TABLE 3 Chemical Test Methods

Element Range or max % Test Method

Aluminum (Al) 0.0-12.0 E 54
2.0-12.0 E 478

Chromium (Cr) 0.003-2.0 ISO 4744
Cobalt (Co) 0.5 E 75
Copper (Cu) 50-99.99 E 478
Iron (Fe) 0.003-1.25 E 478
Lead (Pb) 0.002-15.0 E 478 Atomic Absorption
Magnesium (Mg) 0.01-2.0 . . .
Manganese (Mn) 6.0 E 62
Nickel (Ni) 50.0 E 478
Phosphorus (P) 1.2 E 62
Silicon (Si) 5.0 E 54
Silver (Ag) 0.01-0.12 E 478
Tellurium (Te) 0.003-0.05 ISO 7602 Part I E/F (ISO/TC26 N692)
Tin (Sn) 0.01-1.0 E 478 Photometric

0.5-20.0 E 478 Titrimetric
Zinc (Zn) 2-40 E 478 Titrimetric
Zirconium (Zr) 0.01-0.30 . . .
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UNS No. C15500; UNS No. C17000; UNS No. C17200; UNS
No. C17400; UNS No. C17410; UNS No. C17500; UNS No.
C17510; UNS No. C19010; UNS No. C19025; UNS No.
C19210; UNS No. C19400; UNS No. C19500; UNS No.
C19700; UNS No. C23000; UNS No. C26000; UNS No.
C40810; UNS No. C40850; UNS No. C40860; UNS No.
C42200; UNS No. C42500; UNS No. C42520; UNS No.
C42600; UNS No. C50580; UNS No. C50780; UNS No.

C51000; UNS No. C51080; UNS No. C51100; UNS No.
C51180; UNS No. C51980; UNS No. C52100; UNS No.
C52180; UNS No. C52480; UNS No. C63800; UNS No.
C65400; UNS No. C68800; UNS No. C70250; UNS No.
C70260; UNS No. C70265; UNS No. C72650; UNS No.
C72700; UNS No. C72900; UNS No. C75200; UNS No.
C76200

APPENDIX

(Nonmandatory Information)

X1. Preferred Physical and Electrical Properties

X1.1 Physical Properties:

X1.1.1 Unless specified in the purchase order or contract,
the modulus of elasticity, density, electrical conductivity,

thermal conductivity, coefficient of thermal expansion, and the
electrical resistivity data in Table X1.1 do not constitute a part

TABLE X1.1 Preferred Physical Properties

Density Modulus of Elasticity
Electrical

Conductivity
Electrical Resistivity z

(max)A
Thermal Conductivity

Coefficient of Thermal
Expansion

Copper Alloy
UNS No.

lbs/in.3

at 68°F
g/cm3

at 20°C
106 psi GPa

% IACS (min)
at 68°F
(20°C)

V·lb/mile2 at
68°F

V·g/m2 at
20°C

BTU/ft·h° F at
68°F

W/m·k at
20°C

in./in./°F 3
10–6 from
68-572°F

m/m°C 3
10–6 from
20-300°C

C14530 0.323 8.94 17 115 94 931.06 0.163 06 210 363 9.8 17.6
C15100 0.323 8.94 17 115 95 921.26 0.161 35 208 360 9.8 17.6
C15500 0.322 8.91 17 115 86 1 017.67 0.178 23 200 346 9.9 17.8
C19010 0.322 8.91 19 130 60 1 458.67 0.255 47 150 260 9.8 17.6
C19025 0.322 8.91 17 115 40 2 188.00 0.383 20 93 161 9.4 16.9
C19210 0.322 8.91 17 115 80 1 094.00 0.191 60 185 320 9.8 17.6
C19400 0.322 8.91 17 115 60 1 458.67 0.255 47 150 260 9.8 17.6
C19500 0.322 8.91 17 115 50 1 750.40 0.306 56 115 199 9.4 16.9
C19700 0.319 8.83 17 115 80 1 094.00 0.191 60 185 320 9.6 17.3
C23000 0.316 8.75 17 115 37 2 365.41 0.414 27 92 159 10.4 18.7
C26000 0.308 8.53 16 110 28 3 125.71 0.547 43 70 121 11.1 20.0
C40810 0.320 8.86 17 115 33 2 652.12 0.464 48 82 142 10.1 18.2
C40850 0.320 8.86 17 115 30 2 917.33 0.510 93 75 130 10.1 18.2
C40860 0.320 8.86 17 115 32 2 735.00 0.479 00 80 138 10.1 18.2
C42200 0.318 8.80 16 110 31 2 823.23 0.494 45 75 130 10.2 18.4
C42500 0.317 8.77 16 110 28 3 125.71 0.547 43 69 119 10.2 18.4
C42520 0.318 8.80 16 110 30 2 917.33 0.510 93 75 130 10.2 18.4
C42600 0.318 8.80 17 115 25 3 500.80 0.613 12 63 113 10.2 18.4
C50580 0.321 8.89 17 115 41 2 134.63 0.372 85 103 178 9.9 17.8
C50780 0.320 8.86 17 115 35 2 500.57 0.437 94 87 151 9.9 17.8
C51000 0.320 8.86 16 110 15 5 834.67 1.021 87 40 69 9.9 17.8
C51080 0.320 8.86 16 110 15 5 834.67 1.021 87 40 69 9.9 17.8
C51100 0.320 8.86 16 110 20 4 376.00 0.766 40 48 83 9.9 17.8
C51180 0.321 8.89 16 110 20 4 376.00 0.766 40 52 90 9.9 17.8
C51980 0.319 8.83 16 110 14 6 251.42 1.094 87 38 66 10.0 18.0
C52100 0.318 8.80 16 110 13 6 732.31 1.179 08 36 62 10.1 18.2
C52180 0.318 8.80 16 110 13 6 732.31 1.179 08 36 62 10.1 18.2
C52480 0.317 8.77 16 110 11 7 683.63 1.393 45 29 50 10.2 18.4
C63800 0.299 8.28 17 115 10 8 752.00 1.532 80 22 38 9.5 17.1
C65400 0.309 8.55 17 115 7 12 502 86 2.189 71 21 36 9.7 17.5
C68800 0.296 8.19 17 115 18 4 862.22 0.851 56 47 81 10.1 18.2
C70250 0.318 8.80 19 130 40 2 188.00 0.383 20 98 170 9.8 17.6
C70260 0.320 8.86 19 130 40 2 188.00 0.383 20 90 156 10.0 18.0
C70265 0.320 8.86 19 130 35 2 500.57 0.437 94 87 151 10.0 18.0
C75200 0.316 8.75 18 125 6 14 586.67 2.554 67 19 33 9.0 16.2
C76200 0.310 8.58 18 125 9 9 724.44 1.703 11 24 42 9.0 16.2

A The weight resistivity values in the table are calculated from the corresponding electrical conductivity per Test Method B 193 as follows:
R = 1/N (15.328), where R = wt. resistivity at 20°C in ohms 3 grams per square metre (V·g/m2) and N = electrical conductivity in % IACS.
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of this specification. They will indicate to the purchaser the
mechanical and physical properties that may be expected.

X1.1.2 Formability property of material usually determines
if a spring material is capable of forming to a given radius.
Bend test per Test Method B 820 will provide useful informa-
tion as to the formability or the ability of copper alloy spring
material to resist cracking when formed. This test method may
be used in selecting a spring material that will safely form to
the geometry of a given part.

X1.2 Electrical Properties:

X1.2.1 The value of 0.153 28V·g/m2 at 20°C (68°F) is the
international standard for the resistivity of annealed copper
equal to 100 % conductivity. The term means that a wire 1 m
in length and weighing 1 g would have a resistance of 0.153 28
V. This is equivalent to a resistivity value of 875.20V·lb/
mile2, which signifies the resistance of a wire 1 mile in length
weighing 1 lb. The electrical resistivity (weight) values in
Table X1.1 are calculated from the corresponding electrical
conductivity per Specification B 193 as follows:

R5 1/N ~15.328! V·g/m2 5 1/N ~875 20! V·lb/mile2 (X1.1)

where:
R = wt. resistivity at 20°C in Ohms3 grams per square

metre or wt. resistivity at 68°F in Ohms3 pounds per
square mile and

N = electrical conductivity in % IACS.

X1.3 Metric Equivalent:

X1.3.1 The SI unit for strength properties now shown is in
accordance with the International Systems of Units (SI). The
derived SI unit for force is the Newton (N), which is defined as
that force which when applied to a body having a mass of 1 kg
gives it an acceleration of 1 m/s2 (N = kg 3 m/s2). The derived
SI unit for pressure or stress is the Newton per square meter
(N/m2), which has been named the Pascal (Pa) by the General
Conference on Weights and Measures. Since 1 ksi = 6 894 757
Pa, the metric equivalents are expressed as megapascal (MPa),
which is the same as MN/m2 and N/mm2.

SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (B 888 – 03)
that may impact the use of this standard (approved May 1, 2004.)

(1) Added new alloys UNS Nos. C19010, C19210, C70265,
and tempers of C70260.

Committee B05 has identified the location of selected changes to this standard since the last issue (B 888 – 98) that may
impact the use of this standard (approved Apr. 10, 2003).

(1) Added new alloys UNS No. C19025, C40810, C40850,
C42600, C50580, C50780, C51080, C51180, C51980, C52180,
and C52480.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 900 – 99

Standard Practice for
Packaging of Copper and Copper-Alloy Mill–Products for
U.S. Government Agencies 1

This standard is issued under the fixed designation B 900; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This practice establishes requirements for packaging,
packing, and marking intended to ensure proper and safe
storage and transportation of copper and copper-alloy mill-
–products, both foreign and domestic, for direct shipment to
government activities or shipment processed at a military
activity or agency. This practice details the materials, methods,
containers, and procedures for the preparation for shipment of
copper and copper-alloy mill–products. Mill products wherein
copper is the basic metal are within the scope of this practice.
Commercial packaging establishes the minimum requirements
that apply unless Level A or B packing is specified (see 6.1).

1.2 The values given in inch-pound units are regarded as
standard. The SI units given in parentheses are for information
only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 846 Terminology for Copper and Copper Alloys2

D 143 Method of Testing Small Clear Specimens of Tim-
ber3

D 779 Test Method for Water Resistance of Paper, Paper-
board, and Other Sheet Materials by the Dry Indicator
Method4

D 828 Test Method for Tensile Properties of Paper and
Paperboard Using Constant-Rate-of Elongation Appara-
tus4

D 1974 Practice for Methods of Closing, Sealing, and
Reinforcing Fiberboard Boxes4

D 3951 Practice for Commercial Packaging4

D 4444 Test Methods for Use and Calibration of Hand-Held
Moisture Meters3

D 5118/D 5118M Practice for Fabrication of Fiberboard
Shipping Boxes4

D 5168 Practice for Fabrication and Closure of Triple-Wall
Corrugated Fiberboard Containers4

D 5330/D 5330M Specification for Pressure-Sensitive Tape
for Packaging, Filiment-Reinforced4

D 6251/D 6251M Specification for Natural Wood-Cleated
Panelboard Shipping Boxes4

2.2 ANSI Standard:5

ANSI/ASQC Z1.4 Sampling Procedures and Tables for
Inspection by Attributes

2.3 Federal Specifications:6

A-A-55057 Panels, Wood/Wood Base: Construction and
Decorative

PPP-B-585 Boxes, Wood, Wirebound
PPP-B-587 Boxes, Wood, Wirebound Pallet Type
PPP-B-601 Boxes, Wood, Cleated-Plywood
PPP-B-621 Boxes, Wood, Nailed and Lock-Corner
PPP-B-1055 Barrier Material, Waterproofed, Flexible
PPP-D-705 Drum: Metal Shipping, Steel, (Over 12 and

Under 55 Gallon)
PPP-D-723 Drums, Fiber
PPP-D-729 Drums: Metal, 55-Gallon (for Shipment of Non-

corrosive Material)
2.4 Military Standard:6

MIL-STD-129 Marking for Shipment and Storage
2.5 Military Publication:6

MIL-HDBK-774 Palletized Unit Loads

3. Terminology

3.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

1 This practice is under the jurisdiction of ASTM Committee B05 on Copper and
Copper Alloys and is the direct responsibility of Subcommittee B05.91, Editorial.

Current edition approved Oct. 10, 1999. Published February 2000.
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3.2 Definitions of Terms Specific to This Standard:
3.2.1 deckboard, n—piece or pieces of lumber fastened at

right angles to the stringers or skids of a pallet to form a
load-bearing surface.

3.2.2 gross weight, n—the bare-item weight and the weight
of all packaging and packing materials.

3.2.3 interleaving, n—the protective material placed be-
tween two adjacent pieces of metal.

3.2.4 net weight, n—the bare-item weight.
3.2.5 nominal, adj—the rough–sawn, commercial size des-

ignation for lumber common to the industry.
3.2.6 packing; Level A—the protection required to meet the

most severe worldwide shipment, handling, and storage con-
ditions. A Level A package must be capable of protecting
material from effects of direct exposure to extremes of climate,
terrain, and operational transportation environments.

3.2.7 packing; Level B—the protection required to meet
moderate worldwide shipment, handling, and storage condi-
tions. A Level B package must be capable of protecting
material not directly exposed to extremes of climate, terrain,
and operational transportation environments.

3.2.8 packaging; commercial—although not specifically de-
fined by any government regulation or instruction, commercial
packaging (preservation and packing) is understood to be those
practices by manufacturers and contractors to protect and
identify material and items packaged for retail and wholesale
distribution purposes. Practice D 3951 provides guidance in the
application of commercial packaging.

NOTE 1—It has been determined by joint DoD instructions that com-
mercial, also in some areas addressed as industrial packaging, should only
be used or specified when such packaging is known to satisfy the DoD
needs. Such use should be determined before a contract for supplies is
awarded or within the life cycle of the contract when substantial savings
to the government may result. Commercial (industrial) packaging should
not be specified where multiple shipments and handlings are anticipated or
desired.

3.2.9 skid, n—one of a pair or series of parallel wood
runners affixed to the underside of boxes, crates, or an item
allowing entry of truck forks, or to facilitate sliding.

3.2.10 sound woods, n—wood free of any form of decay,
incipient or advanced, and from insert holes.

3.2.11 stringer, n—a wooden member fastened at right
angles to the load-bearing members of a pallet or the deckboard
of a platform.

3.2.12 sulfate paper, n—wood-pulp paper made by the
sulfate process.

4. Significance and Use

4.1 This practice is applicable to packaging of copper-alloy
mill-products for shipment to agencies of the U.S. government.

4.2 It covers packaging of rod, bar, shapes, plate, sheet,
strip, foil, wire, flat wire, rolled bar, forgings, pipe, and tube
products.

5. Classification

5.1 Shipping containers, for Levels A and B packing (see
7.6 and 7.8), having common characteristics are as follows:

5.1.1 Category 1—Boxes, nailed wood, wire-bound wood,
wood-cleated plywood, and wood cleated, veneer, paper over-
laid (see 7.6.1).

5.1.2 Category 2—Fiber and metal drums (see 7.6.2).
5.1.3 Category 3—Pallets and pallet boxes (see 7.6.3).
5.1.4 Category 4—Skidded lifts (see 7.6.4).
5.1.5 Category 5—Hand bundles (see 7.6.5).
5.1.6 Category 6—Secured lifts (without skids) (master

bundles) (see 7.6.6).
5.1.7 Category 7—Reels and spools (see 7.6.7).
5.1.8 Category 8—Fiberboard boxes (see 7.6.8).
5.1.9 Category 9—Special containers (see 7.6.9).

6. Ordering Information

6.1 Orders for products shall specify the following packag-
ing information:

6.1.1 ASTM designation and year of issue.
6.1.2 Fiberboard box, if other than Class 1 (see 7.6.8).
6.1.3 Level of packaging and level of packing if other than

commercial (see 7.4 and 7.6.9.1).
6.1.4 Maximum gross weight of container (see 7.6.1.6-

7.6.1.8, 7.6.3 and 7.6.4).
6.1.5 When palletized drums are required (see 7.8.2.7).
6.1.6 When bare welding rod in wire form is required in

fiber drums (see 7.8.2.7).
6.1.7 When cores fitted with slinger ring attachment are

required for shafting (see 7.8.2.7).
6.1.8 When coiled wire is required in lighter or heavier net

weight (see 7.8.2.7).
6.1.9 When saddles are required (see 7.8.3.1).
6.1.10 Special marking required (see 7.9).

7. Detailed Requirements

7.1 Options—Unless otherwise specified, packaging and
packing requirements selection shall be at the option of the
contractor.

7.2 Packaging and Packing Materials—Materials not cov-
ered by applicable specifications or not specifically described
herein shall be of the best commercial quality and suitable for
the purpose intended.

7.2.1 Packaging—The use of packaging materials shall be
in accordance with 7.8.

7.3 Level A:
7.3.1 Waterproof Barrier Materials—The material shall

consist of 100 % sulfate paper suitably coated or laminated to
meet the following tensile-strength requirement when tested in
accordance with Test Method D 828 and the following water-
resistance requirement when tested in accordance with Test
Method D 779. If an asphalt laminate [base weight 30 lbs (13.6
kg) minimum] is used, the paper shall have a minimum base
weight of 30 lbs per 500 sheets 24 by 36 in. (609.6 by 914.4
mm) (30-30-30-minimum).
Tensile strength per inch width (weaker direction) 15 lbs (16.8 kg)
Water resistance (dry indicator method) 10 h

7.3.2 Alternatively, waterproof-barrier materials in accor-
dance with Specification PPP-B-1055 may be used at the
contractor’s option. All wrapping material in contact with bare
metal surfaces shall be within the pH range from 5.0 to 10.0.
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7.3.3 Interleaving Paper—Interleaving paper shall be anti-
tarnishing, noncorrosive, uncreped paper of 10-lbs (4.54-kg)
minimum base weight.

7.3.4 Unit Containers—Fiberboard boxes and closure meth-
ods used for packaging wire on spools, wire and tube in coils,
or similar products shall be in accordance with Practices
D 5118and D 1974. Where specific container designs are not
described by the applicable specification, the manufacturer’s
commercial practice shall apply.

7.4 Commercial—Unless Level A or B packing is specified
(see 6.1), the following shall apply.

7.4.1 Packaging material(s) shall be sufficient to afford
adequate protection against physical damage during shipment
from the supply source to the first receiving activity for
immediate use. This level may be in accordance with Practice
D 3951 when such meets the requirements of this level.

7.5 Packing (Levels A and B):
7.5.1 Wood—Requirements for wood for boxes, pallets,

reels, and similar items with regard to species, quality, and
dimensions shall be in accordance with Specification PPP-B-
621 except as modified in 7.5.1.2 and Tables 1-3.

7.5.1.1 Seasoning—The wood shall be seasoned to a mois-
ture content not more than 18 % nor less than 12 %. At the time
of inspection of containers, the moisture content of the wood
shall not be less than 8 %. Wood for pallets shall be seasoned
to a moisture content not more than 22 % for deck boards and
26 % for stringers.

7.5.1.2 Plywood—Plywood for boxes shall be in accordance
with Type I or II, Class 2 of Specification A-A-55057 for Level
A packing, and Type III, Class 1 of Specification A-A-55057
for Label B packing.

7.6 Container Construction Packing and Securing Methods
(Levels A and B):

7.6.1 Category 1 Boxes:
7.6.1.1 Nailed Wood Boxes (All Groups of Wood)—The

construction and style of nailed wood boxes shall be in
accordance with Figs. 1-6 and Tables 1-4. Side, top, and
bottom sections 91⁄2 in. (241.3 mm) or less in width shall be
made of one piece, whenever possible. Spliced boards, when-
ever necessary, on nailed wood boxes are permissible. The
boards shall be butted and the splicing board shall extend on

each side of the joint at least three times the width of the board
being spliced. The splicing board shall equal the width and
thickness of the boards being spliced. Nails shall be clinched.

7.6.1.2 Skid (Runners)—Except as specified herein, boxes
having a gross weight exceeding 600 lbs (272 kg) shall be
modified by the addition of nominal 2- by 4-in. (50.8- by
101.6-mm) skids positioned flatwise across the width of the
box and located approximately 4 in. (101.6 mm) from the ends
of the box. In attaching skids, nailing shall be through the
bottom boards and into the skids. When longitudinal, as well
as, girthwise straps are required, the skids shall be notched to
permit passage of the straps between the skids and the bottom
of the box. Skids are not required for boxes shipped on pallets,
boxes in a skidded master shipping unit, or boxes 7 ft (2.13 m)
or over in length.

7.6.1.3 Thickness of Lumber—The thickness of lumber for
nailed wood boxes shall be in accordance with Tables 1-3.

7.6.1.4 Nails—The nails for nailed wood boxes shall be in
accordance with Table 4.

7.6.1.5 Strapping—Nailed wood boxes shall be strapped
with flat steel strap or round wire having a breaking strength
equivalent to that of the flat steel strap. Strap placement shall
be in accordance with Figs. 1-6, as applicable.

7.6.1.6 Wirebound Boxes—Wirebound boxes shall conform
to Specification PPP-B-585, Class 3 use for Level A packing
and Class 1 or 2 use for Level B packing. Unless otherwise
specified (see 6.1), the gross weight of wirebound boxes shall
not exceed the requirements of the box specification.

7.6.1.7 Wood, Cleated-Plywood Boxes—Wood cleated-
plywood boxes shall be in accordance with Specification
PPP-B-601, overseas type for Level A packing and domestic
type for Level B packing. Unless otherwise specified (see 6.1),
the gross weight shall not exceed, the weight limitations of the
box specification.

7.6.1.8 Wood, Cleated, Veneer, Paper-Overlaid Boxes—
Wood, cleated, veneer, paper-overlaid boxes shall conform to
Specification D 6251/D 6251M Class 2 for Level A packing
and Class 1 for Level B packing. Unless otherwise specified
(see 6.1), the gross weight shall not exceed the weight
limitations of the box specification.

TABLE 1 Nailed Wood Boxes for Straight Lengths of Bar, Rod, Shafting, Shapes, Flat Wire, and Tubular Products

Weight of Content, lbs
(kg)

Box Styles
(See Figs. 1-6)

Minimum Sides
Thickness, in.

(mm)

Minimum Top
and Bottom
Thickness,

in. (mm)

Ends End CleatsA BattensA

Styles 1
and 1AB

Styles 2, 4, 7,
and 8C Styles 2, 4, 7, and 8 Styles 1A, 7, and 8

Minimum 1 or
2-Ply Thickness,

in. (mm)D

Minimum 1-Ply
Thickness, in.

(mm)

Minimum
Width, in.

(mm)

Minimum
Thickness, in.

(mm)

Minimum
Width, in.

(mm)

Minimum
Thickness,
in. (mm)

Up to 280 (127) 1, 2, and 4 5⁄8(15.8) 1⁄2 (12.7) 11⁄16(27.0) 5⁄8(15.8) 21⁄2(63.5) 5⁄8(15.8) . . . . . .
281 to 560

(128 to 254)
1, 2, and 4 5⁄8(15.8) 5⁄8 (15.8) 11⁄16(27.0) 5⁄8(15.8) 21⁄2(63.5) 5⁄8(15.8) . . . . . .

561 to 1120
(255 to 508)

1 to 8 3⁄4(19.1) 5⁄8 (15.8) 11⁄2(38.1) 11⁄16(27.0) 23⁄4(69.9) 5⁄8(15.8) 23⁄4 (69.9) 3⁄4(19.1)

1121 to 2240
(509 to 1016)

1 to 8 11⁄16(27.0) 3⁄4(19.1) 1⁄2 (38.1) 11⁄16(27.0) 23⁄4(69.9) 11⁄16(27) 23⁄4(69.9) 3⁄4 (19.1)

ANails used for end cleats shall pass through the ends and be clinched to not less than 1⁄8 (3.175 mm). Nailing and clinching of battens shall be in such a manner as
to prevent damage by protruding heads or points to the contents of the box.

BEnds of boxes having a weight content exceeding 2000 lbs (907 (kg) or ends of boxes exceeding 12 in. (305 mm) in depth shall be two-ply laminates of equal thickness
with the grain reversed.

CStyles 2, 4, 7, and 8 boxes shall not be required if the depth of the box is 10 in. (254 mm) or less.
DCombined thickness of two-ply end; grain of separate piles reversed.
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7.6.1.9 Closure and Strapping—Closure and strapping re-
quirements for wood cleated-plywood boxes and wood,
cleated, veneer, paper-overlaid boxes shall be in accordance
with the appendix to the applicable box specification (D 6251/
D 6251M, PPP-B-585, or PPP-B-601 as required). (See Table
5.)

7.6.2 Category 2, Drums:

7.6.2.1 Fiber Drums—Fiber drums shall be in accordance
with Specification PPP-D-723 Type II, Grade A for Level A
packing and Type I, Grade A (class optional) for Level B
packing.

7.6.2.2 Metal Drums—Metal drums shall be in accordance
with Specification PPP-D-705 or PPP-D-729 at the option of
the contractor.

TABLE 2 Nailed Wood Boxes for Flat Straight Lengths of Plate, Sheet, and a Strip

Weight of Content,
lbs (kg)

Box Styles
(See Figs.

1-6)

Minimum Sides
Thickness, in.

(mm)

Minimum Top
and Bottom
Thickness,
in. (mm)

Ends End Cleats Battens

Styles 1
and 1AA

Styles 2, 4, 7,
and 8B Styles 2, 4, 7, and 8C Styles 1A, 7, and 8

Minimum 1 or
2-Ply Thickness,

in. (mm)D

Minimum 1-Ply
Thickness, in.

(mm)

Minimum
Width, in.

(mm)

Minimum
Thickness, in.

(mm)

Minimum
Width, in.

(mm)

Minimum
Thickness,
in. (mm)

Up to 280
(127)

1, 2, and 4 5⁄8(15.8) 1⁄2(12.7) 11⁄16(27.0) . . . . . . . . . . . . . . .

281 to 560
(128 to 254)

1, 2, and 4 5⁄8(15.8) 5⁄8 (15.8) 11⁄16(27.0) 5⁄8(15.8) 21⁄2(63.5) 5⁄8(15.8) . . . . . .

561 to 1120
(255 to 508)

1 to 8 11⁄16(27.0) 5⁄8(15.8) 11⁄2 (38.1) 11⁄16(27.0) 23⁄4(69.9) 3⁄4(19.1) 23⁄4(69.9) 3⁄4(19.1)

1121 to 2240
(509 to 1016)

1 to 8 11⁄16(27.0) 5⁄8(15.8) 11⁄2 (38.1) 11⁄16(27.0) 23⁄4(69.9) 11⁄16(27.0) 23⁄4(69.9) 11⁄16 (27.0)

2241 to 6000
(1017 to 2722)

1 to 8 11⁄2(38.1) 11⁄16 (27.0) 2 (51) 11⁄16(27.0) 23⁄4 (69.9) 11⁄16(27.0) 23⁄4(69.9) 11⁄16(27.0)

Boxes for Products Over 4 ft (1.22 m) in Length

Up to 280
(127)

1 or 1A 5⁄8(15.8) 1⁄2(12.7) 11⁄16(27.0) . . . . . . . . . 21⁄2(63.5) 5⁄8(15.8)

281 to 560
(128 to 254)

1 or 1A 11⁄16(27.0) 5⁄8(15.8) 11⁄16 (27.0) . . . . . . . . . 21⁄2 (63.5) 5⁄8(15.8)

561 to 1120
(255 to 508)

1 or 1A 11⁄16(27.0) 5⁄8(15.8) 11⁄2 (38.1) . . . . . . . . . 23⁄4 (69.9) 3⁄4(19.1)

1121 to 2240
(509 to 1016)

1 to 8 11⁄2(38.1) 3⁄4(19.1) 11⁄2 (38.1) 11⁄16(27.0) 23⁄4(69.9) 11⁄16(27.0) 23⁄4(69.9) 11⁄16 (27.0)

2241 to 6000
(1017 to 2722)

1 to 8 11⁄2(38.1) 11⁄16(27.0) 2 (51) 11⁄16(27.0) 23⁄4(69.9) 11⁄16 (27.0) 23⁄4(69.9) 11⁄16(27.0)

AEnds of boxes having a weight content exceeding 2000 lbs (907 (kg) or ends of boxes exceeding 12 in. (305 mm) in depth shall be two-ply laminates of equal thickness
with the grain reversed.

BStyles 2, 4, 7, and 8 boxes shall not be required if the depth of the box is 10 in. (254 mm) or less.
CNails used for end cleats shall pass through the ends and be clinched to not less than 1⁄8 (3.175 mm). Nailing and clinching of battens shall be in such a manner as

to prevent damage by protruding heads or points to the contents of the box.
DCombined thickness of two-ply end; grain of separate piles reversed.

TABLE 3 Nailed Wood Boxes for Wire (Round or Flat) on Spools or in Coils, Tubes in Coils, Circles and Disks, Sheet and Strip in
Rolls, Forgings, or Similar Items

Weight of Content,
lbs (kg)

Box Styles
(See Figs. 1-6)

Minimum Sides
Thickness, in.

(mm)

Minimum Top
and Bottom
Thickness,
in. (mm)

Ends End Cleats Battens

Styles 1
and 1AA

Styles 2, 4, 7,
and 8B Styles 2, 4, 7, and 8C Styles 1A, 7, and 8

Minimum 1 or
2-Ply Thickness,

in. (mm)D

Minimum 1-Ply
Thickness, in.

(mm)

Minimum
Width, in.

(mm)

Minimum
Thickness, in.

(mm)

Minimum
Width, in.

(mm)

Minimum
Thickness,
in. (mm)

Up to 280 (127) 1, 2, and 4 5⁄8(15.8) 1⁄2(12.7) 11⁄16(27.0) 5⁄8(15.8) 21⁄2 (63.5) 5⁄8(15.8) . . . . . .
281 to 560

(128 to 254)
1, 2, and 4 5⁄8(15.8) 5⁄8 (15.8) 11⁄16(27.0) 5⁄8(15.8) 21⁄2(63.5) 5⁄8(15.8) . . . . . .

561 to 1120
(255 to 508)

1 to 8 3⁄4(19.1) 5⁄8(15.8) 11⁄16(27.0) 3⁄4(19.1) 23⁄4 (69.9) 3⁄4(19.1) 23⁄4(69.9) 3⁄4(19.1)

1121 to 2240
(509 to 1016)

1 to 8 3⁄4(19.1) 5⁄8(15.8) 11⁄16(27.0) 3⁄4(19.1) 23⁄4 (69.9) 3⁄4(19.1) 23⁄4(69.9) 3⁄4(19.1)

2241 to 6000
(1017 to 2722)

2 to 8 11⁄2(38.1) 11⁄16(27.0) . . . 11⁄16(27.0) 23⁄4(69.9) 11⁄16 (27.0) 23⁄4(69.9) 3⁄4(19.1)

AEnds of boxes having a weight content exceeding 2000 lbs (907 (kg) or ends of boxes exceeding 12 in. (305 mm) in depth shall be two-ply laminates of equal thickness
with the grain reversed.

BStyles 2, 4, 7, and 8 boxes shall not be required if the depth of the box is 10 in. (254 mm) or less.
CNails used for end cleats shall pass through the ends and be clinched to not less than 1⁄8 (3.175 mm). Nailing and clinching of battens shall be in such a manner as

to prevent damage by protruding heads or points to the contents of the box.
DCombined thickness of two-ply end; grain of separate piles reversed.
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7.6.3 Category 3 Pallets and Pallet Boxes—Unless other-
wise specified (see 8.1), the gross weight shall not exceed 6000
lbs (2722 kg).

7.6.3.1 Pallets—Pallets for Level A or B shipments shall be
the expendable type and constructed as follows:

(1) Lumber—All groups of wood (see 7.5.1). Surfaced deck
boards of fairly uniform width and spacing.

(2) Thickness:
Deckboards—Groups I and II woods, 1 in. (25.4 mm)

minimum. Groups III and IV woods3⁄4 in. (19.1 mm) mini-
mum.

Stringers—All wood groups, 11⁄2 by 31⁄2in. (38.1 by 88.9
mm).

(3) Moisture Content:
Deck boards, 22 % maximum.
Stringers, 26 % maximum.

(4) Design:
Types—Single-face, wing-type, two-way entry (see Fig. 7).
Single-face, flush stringer, two-way entry (see Fig. 8).
Single-face, post-construction, four-way entry (see Fig. 9).

Stringers—Three stringers on pallet widths 30 in. (762 mm)
and over.

7.6.3.2 Pallet Boxes—Wire-bound or nailed wood boxes
with a pallet or skid-type base shall be used (see Figs. 10 and
11). Wire-bound pallet boxes shall be Type I, Class 1 or 2, or
Type III, Class 3 or 4 of PPP-B-587, depending on the need for
two-way or four-way entry bases and on the weight of contents
to be packed. Nailed-wood pallet boxes shall be constructed of
3⁄4-in. (19.1-mm) minimum thickness of material; Group I, II,

NOTE 1—All dimensions are in inches.
FIG. 1 Style 1 Box

NOTE 1—All dimensions are in inches.
FIG. 2 Style 1A Box (Batten Reinforced Top and Bottom)

NOTE 1—All dimensions are in inches.
FIG. 3 Style 2 Box

NOTE 1—All dimensions are in inches.
FIG. 4 Style 4 Box

NOTE 1—All dimensions are in inches.
FIG. 5 Style 7 Box (Batten Reinforced)

NOTE 1—All dimensions are in inches.
FIG. 6 Style 8 Box (Batten Reinforced)
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III, or IV woods. Stringers shall be minimum 31⁄2 by 31⁄2 in.
(88.9 by 88.9 mm) as shown on Fig. 11. If the width of the box
exceeds 40 in. (1016 mm), a third stringer shall be added.

7.6.4 Category 4, Skidded Lifts—A skidded lift is a means
of packing heavy products by securing skids (runners) to the
product itself, either crosswise or lengthwise, with flat steel
straps or equivalent strength round wire. Unless otherwise
specified (see 6.1), the gross weight of 6000 lbs (2722 kg) is
permissible for skidded lifts.

7.6.4.1 Skids (Runners)—Skids shall be sound lumber of
not less than 3-in. (76.2-mm) nominal width by 4-in. (101.6-
mm) nominal height. Skid ends shall be beveled. The length of
the skids shall be the full dimension of the unit along the
direction in which they are used. At least two skids shall be
used.

7.6.4.2 Strapping—Flat-steel straps or equivalent strength
round-wires shall be stapled to the skid ends. Flat steel straps

shall be a minimum of3⁄4 by 0.025 in. (19.1 by 0.635 mm).
Straps shall not be in direct contact with the product.

7.6.4.3 Protectors—Metal protectors, cushioning packs, or
sheets of corrugated fiberboard shall be used between the straps
and the product.

7.6.5 Category 5, Hand Bundles—Hand bundles of straight-
or flat-length products shall be tied with rope, wire, flat steel
straps, or tape in accordance with Specification D 5330. At
least two ties shall be used. Spacing between ties shall not
exceed 6 ft (1.83 m). The ties shall be approximately 12 in.
(304.8 mm) from each end except where short lengths of the
products will not permit. The weight of hand bundles shall not
exceed 200 lbs (91 kg).

7.6.5.1 Hand bundles of coiled wire and similar products
shall have at least three ties.

7.6.6 Category 6, Secured Lifts Without Skids (Master
Bundles)—Secured lifts shall be strapped in accordance with
Table 6.

7.6.6.1 Protectors—Metal protectors, fibrous pads, or cor-
rugated fiberboard shall be used under ties of sheet, plate, and

TABLE 4 Nails

For Nailing Side to End
For Nailing Top and Bottom to Sides and Ends

Inside Depth of Side
or End, in. (mm)

Thickness of Top and
Bottom, in. (mm)

Thickness of Side,
in. (mm)

Nail,
Minimum

1⁄2
(12.7)

5⁄8(15.8)3⁄4(19.1)11⁄16(27.0)

Nail, Minimum
5⁄8(15.8) 6d up to 3⁄4

(19.1), incl
2d 3d 3d 4d

11⁄16(27.0) 12d over 3⁄4 to 11⁄2
(19.2 to 38.1), incl

3d 3d 4d 5d

11⁄2(38.1) 16d over 11⁄2 to 3
(38.2 to 76.2), incl

4d 4d 5d 7d

Over 3 (76.3) 5d 6d 7d 10d

TABLE 5 Minimum Strap Sizes

Weight of Box Contents, lbs (kg) Width by Thickness Size Strap, in. (mm)

Up to 280 (127) 1⁄2by 0.020 (12.7 by 0.51)
281 to 560 (128 to 254) 5⁄8 by 0.020 (15.8 by 0.51)
561 to 1120 (255 to 508) 3⁄4 by 0.023 (19.1 by 0.58)

1121 to 2240 (509 to 1016) 3⁄4 by 0.023 (19.1 by 0.58)
2241 to 6000 (1017 to 2722) 3⁄4 by 0.035 (19.1 by 0.89)

NOTE 1—All dimensions are in inches.
FIG. 7 Single Face Wing Type

NOTE 1—All dimensions are in inches.
FIG. 8 Single Face (with Bottom Cleats)

NOTE 1—All dimensions are in inches.
FIG. 9 Four-Way Entry

TYPICAL PALLET CONSTRUCTION

NOTE 1—All dimensions are in inches.
FIG. 10 Pallet Box (Wire-Bound Construction)

NOTE 1—All dimensions are in inches.
FIG. 11 Pallet Box (Nailed Wood Construction)
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coiled products where it is essential for protection of finish,
shape, or the wrapping material under the strapping.

7.6.7 Category 7, Reels and Spools—Reels and spools shall
be of commercial design and construction.

7.6.8 Category 8, Fiberboard Boxes—Unless specified
when ordered, the contractor shall have the option of having
fiberboard boxes and their closure conform to either Practice
D 5168 or both Practices D 5118 and D 1974. Class 2 fiber-
board boxes shall be for Level A packing and unless otherwise
specified (see 6.1), Class 1 fiberboard boxes shall be for Level
B packing.

7.6.8.1 Closure, Sealing, and Reinforcing—Fiberboard-box
closure, sealing, and reinforcing shall be in accordance with the
appendix to the applicable box standard (Practices D 5118 and
D 1974 or Practice D 5168).

7.6.9 Category 9, Special Containers—Containers, other
than those listed in this practice, of special design or construc-
tion may be used subject to review by the command or agency
concerned.

7.6.9.1 Commercial—Unless Level A or B packing is speci-
fied (see 6.1), the following container construction and secur-
ing methods shall apply.

7.6.9.2 Container construction and securing methods shall
be sufficient to afford adequate protection against physical or
mechanical damage during shipment from the supply source to
the first receiving activity for immediate use. Container con-
struction and securing methods shall be in accordance with
Practice D 3951.

7.7 Box—Style Details(see Figs. 1-6).
7.7.1 Styles 1 and 1A (No Cleats):
7.7.1.1 At the ends, the grain of the wood shall run in the

direction of the greatest dimensions.
7.7.1.2 Styles 1 and 1A boxes shall be limited to a height of

10 in. (254 mm).
7.7.2 Styles 2 and 7 (Four Plain Cleats Each End):
7.7.2.1 The ends of the cleats that run across the grain of the

ends shall be1⁄8 in. (3.18 mm) from the inside surface of the top
and bottom.

7.7.2.2 The sides, top, and bottom shall be flush with the
outside surface of the cleats.

7.7.3 Styles 4 and 8 (Two Plain Cleats Each End):
7.7.3.1 The ends of the cleats that run across the grain of the

ends shall be1⁄8 in. (3.18 mm) from the inside surface of the top
and bottom.

7.7.3.2 The sides shall be flush with the outside surface of
the cleats.

7.8 Commodity Packing Details (Levels A and B):
7.8.1 Straight Lengths of Bar, Rod, Shapes, Flat Wire, and

Tubular Products:
7.8.1.1 Level A—The products shall be separated by size,

composition, and temper and packed in accordance with
specified in 7.8.1.2 or 7.8.1.3, as applicable.

7.8.1.2 Rod, bar, and shapes under3⁄8 in. (9.53 mm) in
diameter or thickness, flat wire, and tubular products shall be
packed in nailed-wood boxes in accordance with 7.6.1.2.
Lengths up to 60 in. (1524 mm), inclusive, may also be packed
in wire-bound boxes, wood-cleated plywood boxes, or pallet
boxes in accordance with 7.6.1.6, 7.6.1.7, and 7.6.3.2, respec-
tively. Small boxes, whenever practicable, shall be palletized
or tied onto a skidded master lift.

7.8.1.3 Rod, bar, and shapes, under3⁄8 in. (9.53 mm) and
area in diameter or thickness, shall be packed in Category 1, 4,
or 6 containers in accordance with 7.6.1, 7.6.4, and 7.6.6,
respectively. The gross weight of the container shall not exceed
6000 lbs (2722 kg).

7.8.1.4 Level B—Packing shall be in accordance with Level
A as specified in 7.8.1.1 or in Category 4, 5, or 6 containers in
accordance with 7.6.4, 7.6.5, and 7.6.6, respectively.

7.8.2 Welding Rod in Bare-Rod or Bare-Wire Form in
Straight Lengths, Coils, or on Spools:

7.8.2.1 Levels A and B—The product shall be separated by
size, composition, and temper and packed in accordance with
7.8.2.2, 7.8.2.6, or 7.8.2.8.

7.8.2.2 Straight Lengths—Nominal Straight lengths 36 in.
(914.4 mm) shall be packed in unit quantities of 100-, 200-, or
500-lbs (45-, 91-, or 227-kg) net weight in Category 1 (see
7.6.1) containers, strapped in accordance with 7.6.1.5, and
shall require no other protection. The containers may be
palletized or tied onto a skidded master-lift. Straight lengths in
unit quantities of 50-lbs (23-kg) net weight shall be packed in
either a bundle (see 7.8.2.3), carton (see 7.8.2.4), or cylindrical
tube (see 7.8.2.5) and shall require no other protection, except
shipments of less than 600 lbs (272 kg) to one destination shall
be packed in one Category 1 (see 7.6.1) container. Shipments
of 600 lbs or more shall be packed in Category 3 (see 7.6.3)
containers, maximum 6000-lbs (2722-kg) gross weight.

7.8.2.3 Bundle—Units of 50-lbs (23-kg) net weight shall be
wrapped (see Fig. 12) in paper conforming to Specification
PPP-B-1055, Class B-1 and secured with three girthwise ties,
3⁄8-in. (9.53-mm) flat-steel strap or equivalent strength round-
wire or tape in accordance with Specification D 5330 and shall
require no other protection.

TABLE 6 Minimum Size of Girthwise Straps for Secured Lifts

Length of Lift, ft (m)
Minimum Number

of StrapsA

Weight of Secured Lift, lbs (kg)

200 to 560 (90.7 to 254) 561 to 1120 (255 to 508) 1121 to 2240 (509 to 1016) 2241 to 6000 (1017 to 2722)

Size of StrapsB Width by Thickness, in. (mm)

Up to 10 (3.05) 3 5⁄8by 0.020 (15.8 by 0.51) 3⁄4by 0.023 (19.1 by 0.58) 3⁄4by 0.028 (19.1 by 0.71) 11⁄4by 0.035 (31.75 by 0.89)
11 to 21 (3.06 to 6.40) 4 5⁄8by 0.020 (15.8 by 0.51) 3⁄4 by 0.023 (19.1 by 0.58 3⁄4by 0.028 (19.1 by 0.71) 3⁄4 by 0.035 (19.1 by 0.89)
22 to 30 (6.70 to 9.14) 5 1⁄2by 0.020 (12.7 by 0.51) 3⁄4 by 0.020 (19.1 by 0.51) 3⁄4by 0.028 (10.1 by 0.71) 3⁄4 by 0.035 (19.1 by 0.89)

31 to 40 (9.44 to 12.19) 6 1⁄2by 0.020 (12.7 by 0.51) 3⁄4 by 0.020 (19.1 by 0.51) 3⁄4by 0.028 (19.1 by 0.71) 3⁄4 by 0.035 (19.1 by 0.89)
Over 40 (12.20 C 1⁄2by 0.020 (12.7 by 0.51) 5⁄8 by 0.020 (15.8 by 0.51) 3⁄4by 0.023 (19.1 by 0.71) 3⁄4 by 0.035 (19.1 by 0.89)

AEnd ties shall be secured approximately 12 in. (305 mm) from each end; additional ties shall be evenly spaced between the end ties.
BEquivalent strength galvanized round- or high-tensile wire may be substituted.
CFor lengths over 40 ft (12.19 m), the maximum distance between straps shall not exceed 7 ft (2.13 m).
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7.8.2.4 Carton—Units of 50-lbs (23-kg) net weight shall be
packed (see Fig. 13) and closed in Category 8 containers (see
7.6.8).

7.8.2.5 Cylindrical Tube—Units of 50-lbs (23-kg) net
weight shall be packed (see Fig. 14) in spiral-wound cylinders
made of chipboard or Kraft with a minimum wall thickness of
3⁄16 in. (4.76 mm). The end closures shall be wood plugs of
minimum 1-in. (25.4-mm) thickness and shall be nailed or
stapled.

7.8.2.6 Coils—Coils of welding rod in the form of round
wire shall be wrapped in accordance with Fig. 15 with a single
wrap of creped, waterproof paper or overwrapped with one
layer of waterproof paper in accordance with 7.3.1 and packed
in Category 1, 2, or 3 containers (see 7.6.1-7.6.3). As an
alternate, unwrapped coils may be packed in Category 1, 2, or
3 containers (see 7.6.1-7.6.3) containers with a waterproof
paper (see 7.3.1) inner iner. Coils exceeding 12 in. (304.8 mm)
in diameter shall be wrapped as shown in Fig. 15 with a double
layer of creped, waterproof paper in accordance with 7.3.1 and
tied securely with not less than three ties evenly spaced around
the coil.

7.8.2.7 When specified (see 6.1), bare welding rod in wire
form shall be furnished in fiber drums in accordance with
Specification PPP-D-723 as follows:

(1) Grade A, Type II or III for overseas shipments.
(2) Grade A, Type I for domestic shipment and storage.

NOTE 2—Except where7⁄16-in. (11.11-mm) plywood heading is speci-
fied, 3⁄8-in. (9.53-mm) thickness of the bottom headings is permissible.

7.8.2.8 Drums—Drums shall be provided with cores fabri-
cated from convolutedly wound Kraft liner-board of minimum

0.012-in. (.304-mm) thickness. When specified (see 6.1), cores
shall be fitted with a slinger-ring attachment. Wire shall be of
continuous length, coiled in unstressed loops as to lay flat, and
be capable of removal for use from top of drum. Drums shall
be closed by means of a lever-locking band. Net weight of
drum contents will be 400 to 500 lbs (181 to 227 kg). When
specified (see 6.1), coiled wire shall be furnished in lighter or
heavier net weights. Over-packing of drums for shipment shall
not be required. When specified (see 6.1), drums shall be
palletized in accordance with MIL-HDBK-774.

7.8.2.9 Spools—Welding rod in 25-lbs unit quantities shall
be layer wound on spools (see Fig. 16) to avoid producing
kinks, waves, or sharp bends and so that it is free to unwind
without restriction caused by overlapping and wedging. The
final layer of rod shall be covered with a strip of waterproof
paper (see 7.3.1). Spools shall be packed in fiberboard boxes
constructed and closed in accordance with Class 1 domestic
service grade of Practices D 5118 and D 1974. These fiber-
board boxes, containing the rod on spools, shall be overpacked
in Category 1, 3, or 9 (see 7.6.1, 7.6.3, and 7.6.9) containers,
maximum 3000-lbs (1361-kg) gross weight.

7.8.3 Shafting:
7.8.3.1 Levels A and B—Shafting shall be separated by size,

composition, and temper and packed in nailed wood boxes in
accordance with 7.6.1.1. Shafting 3 in. (76.2 mm) and under in
diameter may be packed more than one to a box. Shafting over
3 in. in diameter shall be individually packed. When specified
(see 6.1), shafting 11⁄2 in. (38.1 mm) to, but not including 3 in.
shall be supported within the boxes on wood saddles. The
saddles shall be located at each end of the box and every 3 ft

NOTE 1—All dimensions are in inches.
FIG. 12 Fifty-Pound Bundle

NOTE 1—All dimensions are in inches.
FIG. 13 Fifty-Pound Carton
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(914.4 mm) of box length. The saddle shall be of nominal 2-in.
(50.8-mm) thickness lumber and the full inside width of the
box. The shafting shall be secured within the box by corre-
sponding saddle members placed over the bearing saddles or
by members attached to the inside face of the top of the box.

7.8.4 Flat Straight Lengths, Plate, Sheet, Strip, Circles, and
Disks:

7.8.4.1 Levels A and B—The products shall be separated by
size, composition, and temper and packed in Category 1, 3, or
4 (see 7.6.1-7.6.4) containers. When packed on pallets, in open
pallet boxes, or on skidded lifts, the product shall be shrouded
with waterproof material 7.3.1. Products with polished surfaces
shall be wrapped with interleaving paper in accordance with
7.3.3, packed in Category 1 containers (see 7.6.1), and lined
with waterproof material in accordance with 7.3.1.

7.8.5 Sheet Strip in Rolls:
7.8.5.1 Levels A and B—The product shall be separated by

size, composition, and temper and packed in either Category 1
or 3 (see 7.6.1 and 7.6.3) containers. When packed on pallets

or in open pallet boxes, the product shall be shrouded in
waterproof material in accordance with 7.3.3, packed in
Category 1 containers (see 7.6.1), and lined with waterproof
material in accordance with 7.3.1.

7.8.6 Cable, Round or Flat Wire—The products shall be
separated by size, composition, and temper (Levels A and B).

7.8.6.1 Reels or Spools—When packed on large reels or
spools, round or flat wire cable shall be protected by a layer of
waterproof material in accordance with 7.3.1 and extending
completely around the reel. The paper shall be tacked, taped, or
strapped to flanges of the reel. Reels shall be completely
enclosed with wooden lagging with boards touching each other
as shown on Fig. 17. Lagging boards shall be the same
thickness as the flange, but not thicker than 2-in. (50.8-mm)
commercial lumber. Lagging boards shall be nailed to the
outside of the flanges and secured with flat-steel straps, or
equivalent strength round wire. Flat steel straps shall be5⁄8 by
0.020 in. (15.9 by 0.51 mm). Strapping shall be drawn tight
around the periphery of the lagging. The straps shall be stapled
or nailed at intervals of approximately 15 in. (381 mm).
Product on intermediate reels or spools with flange diameters
in the approximate range from 10 to 30 in. (254 to 762 mm)
may be covered with plywood or solid fiberboard wrappers.
Such covering shall be placed directly over the product and fit
between the reel flanges and secured with flat steel straps or
equivalent strength round wire. Flat steel straps shall be1⁄2by
0.020 in. (12.7 by 0.51 mm), minimum. Product on small reels

FIG. 14 Fifty-Pound Cylinder

FIG. 15 Typical Wrapped Coiled Round Wire

NOTE 1—Dimension B shall be such as to permit proper feeding of
electrode.

NOTE 2—Flanges must not be out of parallel more than3⁄16 in.
NOTE 3—Flanges and barrel material shall be constructed of such

thickness as to provide adequate strength and rigidity to prevent damage
or distortion in normal handling or use.

NOTE 4—All dimensions are in inches.
FIG. 16 Standard Spool Dimensions

NOTE 1—All dimensions are in inches.
FIG. 17 Typical Lagged Reel for Wire and Cable
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or spools (with flange diameters less than approximately 10 in.
(254 mm)) may be wrapped in accordance with the manufac-
turer’s standard practice and shall be packed in either Category
1 or 3 (see 7.6.1 and 7.6.3) containers. Whenever practicable,
small boxes of individual reels or spools may be palletized or
secured onto a skidded master shipping unit. Alternately, reels
or spools may be packed with lightweight wire-bound lagging.

7.8.6.2 Coils (Round Wire)—Coils of round wire shall be
wrapped as shown on Fig. 15 with a single wrap of creped,
waterproof material or overwrapped with one layer of water-
proof material in accordance with 7.3.1 and packed in Category
1, 2, or 3 containers in accordance with 7.6.1-7.6.3, respec-
tively. As an alternate, unwrapped coils may be packed in
Category 1 or 2 containers with a waterproof material (see
7.3.1) liner. Whenever practicable, small packages of indi-
vidual coils may be palletized or secured onto a skidded master
shipping unit. Coils of round wire exceeding 12 in. (304.8 mm)
in diameter, wrapped as shown on Fig. 15 with a double layer
of creped material in accordance with 7.3.1, and tied securely
with not less than three ties evenly spaced around the coil shall
require no other external container.

7.8.6.3 Flat Wire in Coils (Rolls) or on Bucks—Flat wire in
coils (rolls) or on bucks shall be tied with not less than three
ties evenly spaced around the unit and packed in Category 1, 2,
or 3 containers in accordance with 7.6.1-7.6.3, respectively. To
prevent damage to adjacent coils, protectors in accordance with
7.6.6.1 shall be provided between the coils. Whenever practi-
cable, small boxes shall be palletized or secured onto a skidded
master shipping unit.

7.8.7 Tubular Products in Coils:
7.8.7.1 Levels A and B—Tubular products in coils shall be

separated by size, composition, and temper and packaged in
containers specified in 7.3.4 or in accordance with commercial
practice and packed in Category 1, 2, or 3 containers in
accordance with 7.6.1-7.6.3, respectively.

7.8.8 Forgings, Forging Blanks or Slugs, Small-Arms Com-
ponents (Disks, Cups, Cases, and Jackets, Bushings, Short
Tube Blanks, Rotating Band Blanks, and Similar Items:

7.8.8.1 Levels A and B—This product shall be separated by
size, composition, and temper and packed in Category 1 or 2
containers or pallet boxes in accordance with 7.6.1-7.6.3,
respectively. The contents of pallet boxes shall be shrouded
with waterproof material in accordance with 7.3.1. Whenever
practicable, small boxes shall be palletized or secured onto a
skidded master shipping unit.

7.9 Marking (for DoD Use Only)—In addition to any
special marking required (see 6.1), marking for shipment shall
be in accordance with Standard MIL-STD-129.

8. Special Government Requirements

8.1 Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the supplier is respon-
sible for the performance of all inspection requirements as
specified herein. Except as otherwise specified in the contract
or order, the supplier shall use his own or any other facilities
suitable for the performance of the inspection requirements
specified herein, unless disapproved by the government as the
time the order is placed. The government reserves the right to
perform any of the inspections set forth in this practice where

such inspections are deemed necessary to ensure supplies and
services conform to prescribed requirements.

8.2 Sampling for Quality Conformance Inspection:
8.2.1 Inspection Lot—All units of the same product, packed

in the same manner, and presented for delivery at one time
shall be considered an inspection lot.

8.2.2 Sampling for Visual and Dimensional Examination—
Random samples of filled containers or unit loads shall be
selected from each lot in accordance with Table 7 to verify
compliance with all requirements of this practice which do not
involve tests.

8.2.3 Sampling for Moisture Content in Wood—The total
number of pieces of wood in all pallets, skids, and boxes shall
be considered the lot size. The number of pieces on which
moisture measurement shall be made is shown in Table 8.
These pieces shall be selected at random and one moisture
meter measurement made on each piece (see 8.4.2).

8.3 Visual and Dimensional Examination—Each sample,
filled container, or unit load selected from Table 7 shall be
visually examined and measured to verify conformance to the
workmanship and other requirements of this practice. Exami-
nation shall be as specified in Table 9. Any container or unit
load in the sample containing one or more defects shall not be
offered for delivery, and, if the number of defects in any sample
exceeds the acceptance number for that sample, this shall be
cause for rejection of the lot represented by the sample.

8.4 Test Procedures:
8.4.1 Tensile Strength and Water Resistance—The fabri-

cated material (see 7.3.1) shall be tested as specified in Test
Methods D 828 and D 779, respectively.

8.4.2 Moisture Content—For determining the moisture con-
tent of wood either of the following methods shall be used:

8.4.2.1 Oven-Drying Methods—A small sample, preferably
not smaller than 3 in. (76.2 mm) square, not less than3⁄4 oz (20
g), shall be cut from the material to be tested. The moisture
determination shall be conducted in accordance with Sections
124-127 of Method D 143.

8.4.2.2 Electrical Moisture-Meter Method—Electrical
moisture-meter method shall be conducted in accordance with
Test Methods D 4444.

8.4.3 Possible Test Failures:
8.4.3.1 Tensile Strength and Water Resistance—Waterproof

barrier material not as specified and tensile strength per inch
width less than specified.

8.4.3.2 Water Absorption—Evidence of water absorption
when tested for the specified period by the dry-indicator
method of Test Method D 779.

TABLE 7 Sampling for Visual and Dimensional Examination

Lot Size (Number of
Containers)

Sample Number
of Containers

Acceptance
Number of Defects

Rejection
Number of

Defects

1 to 8 All - - - - - -
9 to 25 5 0 1
26 to 65 7 0 1
66 to 110 10 0 1
111 to 180 15 0 1

181 and over 25 0 1
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8.4.3.3 Moisture Content—Not within the specified limit
when wood sample is tested by either the oven-drying method
or electrical moisture-meter method.

8.4.3.4 Failure to meet any of the test requirements shall be
cause for rejection of the entire lot.

9. Keywords

9.1 copper; copper alloy; copper alloy bar; copper alloy
flat-wire; copper alloy plate; copper alloy rod; copper alloy
shafting; copper alloy sheet; copper alloy strip; copper alloy
tube; copper bar; copper flat-wire; copper plate; copper rod;
copper sheet; copper strip; copper tube; marking; packaging;
packing

TABLE 8 Sampling for Moisture Content in Wood

Lot Size, (Number of
Pieces)

Sample Size, (Number of
Pieces Tested)

Acceptance (Number of
Pieces Outside Moisture

Limits)

Up to 40 5 0
41 to 65 7 0
66 to 110 10 0
111 to 300 15 0
301 to 800 25 0

801 to 1300 35 0
1301 to 3200 50 0
3201 to 8000 75 0

TABLE 9 Classification of Defects in Accordance with Standard ANSI/ASQC Z1.4

Categories Defects

Critical: None defined.
1

Major:
101 Level of packaging not as specified.
102 Packaging not sufficient to afford adequate protection against physical damage.
103 Evidence of unauthorized material used.
104 Products not separated by size, composition, and temper as specified.
105 Net weight of unit package in container exceeds specified limit.
106 Coils not wrapped in waterproof paper.
107 Shafting (when specified) not supported on saddles; saddles not spaced as required.
108 Flat straight lengths, plate, sheet, strip, circles, and disks with polished surfaces not packaged with interleaving paper as required.
109 Products in rolls, reels, spools, or coils not shrouded or wrapped in waterproof material as specified.
110 Forgings, forging blanks or slugs, small arms components, bushings, short tube-blanks, rotating-band blanks, and similar items not shrouded in

waterproof material.
111 Level of packing not as specified.
112 Weight of contents relative to the container style exceeds the allowable limit.
113 Packing does not ensure acceptance by common carrier or protection against physical damage.
114 Shipping containers nonconforming to uniform freight classification.
115 Wood for boxes, pallets, reels, and similar items not in accordance with specification as required.
116 Veneer, paper-overlaid panel-board nonconforming to Type I or Type II as specified.
117 Category of container not as specified.
118 Box containers nonconforming to side thicknesses, top and bottom thickness, ends, end cleats, and batterns styles as specified.
119 Closure banding or strapping not as specified.
120 Steel strap size less than the specified minimum in relation to the weight of the box contents.
121 Wooden barrels, kegs, and drums nonconforming.
122 Pallet surface boards not of uniform width and spacing, thickness less than minimum required, and stringer size and number of stringers less

than required.
123 Gross weight of shipping containers exceeds limit specified.
124 Skids not provided when required.
125 Skids not in accordance with applicable box specifications.
126 Spools not within specified dimensions, flanges not parallel, and not constructed with adequate strength and rigidity to prevent damage in

normal handling.
127 Bundles, cartons, and cylinders not as specified; weight exceeds the specified limit.

Minor:
201 Marking; shipment information not provided on interior packages.
202 Nomenclature; Federal Stock number; or manufacturer’s part number, contract or order number, contractor’s name and destination not legible,

missing, or improperly marked on containers.
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Designation: B 903 – 00

Standard Specification for
Seamless Copper Heat Exchanger Tubes With Internal
Enhancement 1

This standard is issued under the fixed designation B 903; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification establishes the requirements for seam-
less, internally enhanced copper tube, in straight lengths or
coils, suitable for use in refrigeration and air-conditioning
products or other heat exchangers.

1.2 The values stated in inch-pound units are the standard.
SI values are given in parentheses for information only.

1.3 Tubes for this application are manufactured from the
following copper:

Copper UNS No. Type of Metal

C12200 Phosphorized, high residual phosphorus (DHP)

1.4 The following pertains to the test method described in
15.4 of this specification:This standard does not purport to
address all the safety concerns, if any, associated with its use.
It is the responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 153 Test Method for Expansion (Pin Test) of Copper and

Copper-Alloy Pipe and Tubing2

B 251 Specification for General Requirements for Wrought
Seamless Copper and Copper-Alloy Tube2

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 3 Practice for Preparation of Metallographic Specimens3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 53 Methods for Chemical Analysis of Copper6

E 62 Test Methods for Chemical Analysis of Copper and

Copper Alloys (Photometric Methods)6

E 112 Test Methods for Determining Average Grain Size4

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes7

E 255 Practice for Sampling Copper and Copper Alloys for
Determination of Chemical Composition6

3. General Requirements

3.1 The following sections of Specification B 251 constitute
a part of this specification:

3.1.1 Workmanship, Finish, and Appearance.
3.1.2 Sampling.
3.1.3 Number of Tests and Retests.
3.1.4 Specimen Preparation.
3.2 In addition, when a section with a title identical to those

referenced in 5.1 appears in this specification, it contains
additional information which supplements those appearing in
Specification B 251. In case of conflict, this specification shall
prevail.

4. Terminology

4.1 Definitions—For the definition of terms related to cop-
per and copper alloys refer to Terminology B 846.

4.1.1 bottom wall, n—the wall thickness measured from the
base of the enhancement to the outside surface.

4.1.2 coil, n—a length of the product wound into a series of
connected turns.

4.1.3 enhancement, adj—a geometrical feature intentionally
formed on a tube I.D. surface to improve heat transfer.

4.1.4 level wound, adj—a coil in which the turns are wound
into layers parallel to the axis of the coil such that successive
turns in a given layer are next to one another.

4.2 Definitions of Terms Specific to This Standard:
4.2.1 unaided eye, n—visual inspection, without the use of

special equipment or enhancement excepting the use of cor-
rective lenses.

5. Ordering Information

5.1 Orders for products under this specification should
include the following information:

5.1.1 ASTM Designation number and the year of issue.

1 This specification is under the jurisdiction of ASTM Committee B-05 on
Copper and Copper Alloys and is the direct responsibility of Subcommittee B05.04
on Pipe and Tube.

Current edition approved March 10, 2000. Published May 2000.
2 Annual Book of ASTM Standards, Vol 02.01.
3 Discontinued. See 1982Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05. 7 Annual Book of ASTM Standards, Vol 03.03.

1
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5.1.2 Temper.
5.1.3 Length, diameter, wall, and enhancement dimensions.

Configuration of the enhanced surface shall be as agreed upon
between the manufacturer, or supplier, and purchaser.

5.1.4 How furnished: straight or coils.
5.1.5 Quantity.
5.1.6 Certification, if required (see Section 19).
5.1.7 Mill test report, if required (see Section 20).

6. Materials and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be cast billet, bar,

tube, or so forth of Copper UNS No. C12200 and shall be of
such purity and soundness as to be suitable for processing into
the tubular product described herein.

6.2 Manufacture:
6.2.1 The tube shall be manufactured by such hot- and

cold-working processes needed to produce a homogenous,
uniform wrought structure in the finished product.

6.2.2 The internal enhancement shall be produced by cold
forming.

6.2.2.1 When annealed temper is required, the tube shall be
annealed subsequent to the final cold-forming operation.

7. Chemical Composition

7.1 The material shall conform to the requirements specified
in Table 1 as to chemical composition.

7.2 These specification limits do not preclude the possible
presence of other unnamed elements. By agreement between
the manufacturer, or supplier, and the purchaser, analysis may
be required and limits established for elements not specified.

8. Temper

8.1 As-Fabricated Temper—The tube is in the cold-worked
condition produced by the enhancing operation.

8.2 O (Annealed) Temper—The temper of annealed tube
shall be designated as O50 (light-anneal) or O60 (soft-anneal)
(see Table 2). Tempers are defined in Practice B 601.

NOTE 1—By agreement between the purchaser and manufacturer,
product in special tempers may be supplied with properties as agreed upon
between the purchaser and the manufacturer.

9. Grain Size of Annealed Tempers

9.1 Samples of annealed temper tubes shall be examined at
a magnification of 75 diameters. The grain size shall be
determined in the wall beneath the ridges. The microstructure
shall show complete recrystallization and shall have an average
grain size within the limits specified in Table 2, when tested in
accordance with Test Method E 112.

10. Mechanical Properties

10.1 As-fabricated and O (annealed) temper tube shall
conform to the mechanical properties specified in Table 3.

11. Performance Requirements

11.1 Expansion Test:
11.1.1 Specimens of annealed product shall withstand the

expansion shown in Table 4 when expanded in accordance with
Test Method B 153.

11.1.2 The expanded tube shall show no cracking or rupture
visible to the unaided eye.

12. Other Requirements

12.1 Nondestructive Examination for Defects:
12.1.1 Each tube shall be subjected to an eddy-current test.
12.1.2 Electromagnetic (Eddy-Current) Test:
12.1.2.1 Tubes shall be tested normally in the fabricated

temper; however, they may be tested in the annealed temper at
the option of the manufacturer.

12.1.2.2 The testing shall follow the procedures specified in
Practice E 243. Unless otherwise agreed upon between the
manufacturer, or supplier, and the purchaser, the manufacturer
shall have the option of calibrating the test equipment using
either notches or drilled holes. If agreement cannot be reached,
drilled holes shall be used. Notch depth standards rounded to
the nearest 0.001 in. (0.025 mm) shall be 22 % of the nominal
bottom wall thickness. Drilled-hole standards shall be 0.025-in.
(0.635-mm) diameter for tubes up to and including3⁄4-in.
specified diameter and 0.031-in. (0.785-mm) diameter for
tubes over3⁄4-in. specified diameter.

12.1.2.3 Tubes that do not actuate the signaling device on
the eddy-current tester shall be considered as conforming to the
requirements of this test.

12.1.2.4 Tubes, rejected for irrelevant signals because of
moisture, soil, and like effects, may be reconditioned and
retested.

12.1.2.5 Tubes that are reconditioned and retested (see
12.1.2.4) shall be considered to conform to the requirements of
this specification, if they do not cause output signals beyond
the acceptable limits.

TABLE 1 Chemical Requirements, UNS C12200

Element Composition, wt %
Copper (including silver) 99.9, min

Phosphorus 0.015–0.040

TABLE 2

Temper Average Grain Size, mm

As fabricated —
O60 0.040 min
O50 0.040 max

TABLE 3 Mechanical Property Requirements of Designated
Tempers

Temper
Designation

Tensile Strength,
Min, ksiA (Mpa)

Yield Strength,
ksiB (Mpa)

Elongation in 2 in.,
min %

As-fabricated 36 (245) 30 (205) min —
O60 30 (205) 6 (40) min 40
O50 30 (205) 9–15 (60–105) 40

Aksi = 1000 psi.
BYield strength to be determined at 0.5 % extension under load.

TABLE 4 Expansion of Annealed Product

Outside Diameter,
in. (mm)

Expansion of Outside Diameter, %

3⁄4 (19.0) and under 30
Over 3⁄4 (19.0) 20
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12.1.2.6 Eddy-current discontinuities will be identified on
coils in excess of 200 ft (6096 cm) in length for subsequent
removal by the purchaser.

12.1.2.7 At the customer’s discretion, the permissible num-
ber of identified eddy-current discontinuities may be specified.

12.2 Cleanness Requirements:
12.2.1 The tube shall be capable of meeting the following

cleanness requirement:
12.2.1.1 The inside of the tube with closed ends shall be

sufficiently clean so that when the interior of the tube is washed
with a suitable solvent, such as redistilled chloroform or
redistilled trichloroethylene, the residue remaining upon
evaporation of the solvent shall not exceed 0.0035 g/ft2 (0.038
g/m2) of interior surface. See 15.4 for the test method.

12.2.1.2 The term “capable of” in the context of this
requirement shall mean that the testing and reporting of
individual lots need not be performed by the producer of the
product, if capability of the manufacturing process to meet this
requirement has previously been established; however, subse-
quent testing by either the producer or purchaser should
establish that the product does not meet this requirement, the
product shall be subject to either rejection, or recall or both.

13. Dimensions, Mass, and Permissible Variations

13.1 The standard method for specifying tube diameters and
walls shall be decimal fractions of an inch.

13.2 Tolerances on a given tube are permitted to be speci-
fied with respect to any two but not all three of the following:
outside diameter, inside diameter, and bottom wall thickness.

13.3 For the purposes of determining conformance with the
dimensional requirements in this specification, any measured
value outside the specified limiting values for any dimension
shall be cause for rejection.

13.4 Bottom Wall Thickness Tolerances—Bottom wall
thickness tolerances shall conform to the tolerances listed in
Table 5.

13.5 Diameter Tolerances—The average diameter toler-
ances in Table 6 shall apply to both coils and straight lengths
of product.

13.6 Lengths:
13.6.1 For coil lengths, see Table 7 of this specification. If

coils are produced to a specified nominal weight, no coil shall
weigh less than 40 % of the nominal weight, and no more than
20 % of the coils in a lot shall weigh less than 65 % of nominal
weight unless otherwise agreed upon between the manufac-
turer, or supplier, and purchaser.

13.6.2 The tolerances for tubes furnished in straight lengths
shall be in accordance with Table 8.

13.7 Roundness:

13.7.1 The roundness tolerance for material in straight
lengths shall be 1.5 % of the OD expressed to the nearest 0.001
in. (0.025 mm).

13.7.2 The roundness tolerance for material in coils shall be
6.5 % of the OD expressed to the nearest 0.001 in. (0.025 mm).

13.8 Squareness of Cut—For tube in straight lengths, the
departure from squareness of the end of any tube shall not
exceed the following:

Specified Outside Diameter in. (mm) Tolerance

Up to 0.625 (15.9), incl. 0.010 in. (0.25 mm)
Over 0.625 (15.9) 0.016 in./in. (0.406 mm/mm)

13.9 Straightness—For tubes in any as fabricated temper,
the straightness tolerance shall be in accordance with Table 9.

14. Specimen Preparation

14.1 Chemical Analysis:
14.1.1 Sample preparation shall be in accordance with

Practice E 255.
14.1.2 Analytical specimen preparation shall be the respon-

sibility of the reporting laboratory.

TABLE 5 Bottom Wall Tolerance

Bottom Wall Thickness, in. (mm)
Tolerance (Plus and Minus)
Outside Diameter, in. (mm)

0.125 to 0.625 Over 0.625 to 1.000
(3 to 16), incl (16 to 25), incl

Up to 0.017 (0.43), incl. 0.001 (0.025) 0.0015 (0.038)
Over 0.017 to 0.024 (0.43 to 0.61),

incl
0.002 (0.050) 0.002 (0.050)

TABLE 6 Average Diameter Tolerances

Specified Diameter, in. (mm)
Tolerance, Plus and Minus,

in. (mm)
0.125 to 0.625 (3 to 16), incl 0.002 (0.050)
Over 0.625 to 1.000 (16 to 25), incl 0.0025 (0.063)

TABLE 7 Coil Length Tolerances (Specific Lengths)

Tube
Outside

Diameter,
in. (mm)

Nominal
Length,

ft (m)

Shortest
Permissible
Length, %
of Nominal

Length

Maximum
Permissible

Weight of Ends,
% of Lot Weight

Tolerance
All Plus,

ft (m)

All sizes Up to 100 100 0 1 (0.3)
(30.5), incl.

All sizes Over 100 40 20 . . .
(30.5)

TABLE 8 Length Tolerances for Straight Lengths

NOTE 1—Tolerances are all plus; if all minus tolerances are desired, use
the same values; if tolerances of plus and minus are desired, halve the
values given.

Length Tolerance, in. (mm)

Up to 6 in. (152 mm), incl. 1⁄16 (1.6)
Over 6 in. (152 mm) to 2 ft (610 m), incl. 1⁄16 (1.6)
Over 2 ft (610 m) to 6 ft (1.83 m), incl. 3⁄32 (2.38)
Over 6 ft (1.83 m) to 14 ft (4.27 m) 1⁄4 (6.3)
Over 14 ft (1.83 m) 1⁄2 (12.7)

TABLE 9 Straightness Tolerance for Tubes

Length,
ft (m)

Maximum Curvature (Depth of Arc),
in. (mm)

Over 3 (0.914) to 6 (1.83), incl. 3⁄16 (4.8)
Over 6 (1.83) to 8 (2.44), incl. 5⁄16 (7.9)
Over 8 (2.44) to 10 (3.05), incl. 1⁄2 (13)
Over 10 (3.05) 1⁄2 (13) in any 10-ft (3.05-m) section
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14.2 Tensile Tests—Because some internal-enhancement
configurations may cause breakage of the specimen in the
grips, specimen ends may be flattened and tested using wedge
or sheet metal grips.

14.3 Grain-Size—The test specimen shall be prepared in
accordance with Test Method E 3 and shall be a radial
longitudinal section of the tube.

14.4 Expansion Test Specimen—Test specimens shall con-
form to the requirements of the specimen preparation section of
Test Method B 153.

14.5 Cleanness Test Specimen—A section of straight tube,
or a section of a straightened tube from the outside end of a
coil, not less than 5 ft (1.5 m), shall be selected.

15. Test Methods

15.1 In case of disagreement, the properties enumerated in
this specification shall be determined in accordance with the
ASTM test methods listed in Table 10.

15.2 Tension Tests:
15.2.1 Tensile specimens shall normally be tested as shown

in Fig. 11 of Test Methods E 8. Tension test specimens shall be
of the full section of the tube unless the limitations of the
testing machine precludes the use of such specimen. Determi-
nation of cross-sectional area shall be determined by using the
weight of the tube as described in Test Methods E 8.

15.2.2 Whenever different tension test results are obtained
from both full-size and machined test specimens, the results
obtained from full-size test specimens shall be used to deter-
mine conformance to the requirements of this specification.

15.2.3 Tension test results on material covered by this
specification are not seriously affected by variations in speed of
testing. A considerable range of testing speed is permissible;
however, the rate of stressing to the yield strength should not
exceed 100 ksi/min (690 MPa/min). Above the yield strength,
the movement per minute of the testing machine head under
load should not exceed 0.5 in./in. (0.5 mm/mm) of gage length
(or distance between grips for full-section specimens).

15.3 Grain-Size—In case of dispute, the intercept procedure
shall be used.

15.4 Cleanness Test
15.4.1 A section of straight tube, or a section of a straight-

ened tube from the outside end of a coil, not less than 5 ft (1.5
m), shall be selected. One end of the tube shall be closed and
the tube shall be filled with solvent to1⁄8 of capacity. The
opposite end shall be closed and the tube shall be rolled back
and forth on horizontal supports to wash the inside surface
thoroughly. The closure shall be removed and the solvent shall
be poured into a suitable weighed container. The solvent in the
container shall be evaporated to dryness on a low-temperature
hot plate or sand bath. Overheating of the container shall be

avoided to prevent charring of the residue. The container shall
then be dried in an oven at 100 to 110°C for 10 min, cooled in
a desiccator, and weighed. A blank determination shall be run
with the same volume of solvent and the gain in weight for the
blank shall be subtracted from the weight of the residue
sample. The corrected weight shall then be calculated in grams
of residue per internal area of the tube in square feet.

15.4.2 The quantity of the solvent used will vary with the
size of the tube being examined. The quantity of solvent used
for the blank run shall be the same as that used for cleaning the
tube sample.

15.4.3 The sample must be prepared in such a manner as to
prevent the inclusion in the residue of copper chips or dust
resulting from the cutting of the sample.

16. Significance of Numerical Limits

16.1 For purpose of determining compliance with the speci-
fied limits for requirements of the properties listed in Table 11,
an observed or calculated value shall be rounded as indicated,
in accordance with the rounding method of Practice E 29.

17. Inspection

17.1 The manufacturer shall inspect and make the necessary
tests to verify that the tubes furnished conform to the require-
ments of this specification.

17.2 If, in addition, the purchaser elects to perform his own
inspection, the manufacturer shall afford the inspector all
reasonable facilities without charge to satisfy him that the tubes
are being furnished in accordance with this specification.

18. Rejection and Rehearing

18.1 Product that fails to conform to the requirements of this
specification when inspected or tested by the purchaser or his
agent may be rejected. Rejection shall be reported to the
manufacturer, or supplier. In addition, a written notification of
rejection shall follow. In case of dissatisfaction with the results
of the test, the manufacturer or supplier may make claim for a
rehearing.

19. Certification

19.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification, and the requirements have been met.

20. Mill Test Report

20.1 When specified on the purchase order, the manufac-
turer shall furnish to the purchaser a test report showing results
of tests required by the specification.

TABLE 10 Methods of Test

Test ASTM Designation

Chemical analysis E 53
Tension E 8
Grain size E 112
Expansion (pin test) B 153
Eddy current E 243
Phosphorus E 62

TABLE 11 Rounding Units

Property
Rounded Unit for Observed or

Calculated Value

Chemical composition and hardness Nearest unit in the last right-hand place
of figures of the specified limit

Tensile strength Nearest ksi (nearest 5 MPa)
Expansion Nearest 1 %
Grain size:

Up to 0.055 mm in. Nearest multiple of 0.005 mm
Over 0.055 to 0.160 mm incl. Nearest 0.01 mm
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21. Packaging and Package Marking

21.1 The material shall be separated by size, composition,
and temper and prepared for shipment in such a manner as to
insure acceptance by common carrier for transportation.

21.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, gross and net weight, total length or piece count, or both,
and name of supplier. The specification number shall be shown
when specified.

22. Keywords

22.1 coils; copper tubes; heat exchanger; internally en-
hanced; seamless; straight lengths

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength is shown in accordance with
the International System of Units (SI). The derived SI unit for
force is the Newton (N), which is defined as the force that
when applied to a body having a mass of 1 kg gives it an
acceleration of one metre per second squared (N = kg • m/s2).

The derived SI unit for pressure or stress is the Newton per
square metre (N/m2), which has been named the Pascal (Pa) by
the General Conference on Weights and Measures. Since 1 ksi
= 6 894 757 Pa, the metric equivalents are expressed as
megapascals (Mpa), which is the same as MN/m2 and N/mm2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 919 – 01

Standard Specification for
Welded Copper Heat Exchanger Tubes With Internal
Enhancement 1

This standard is issued under the fixed designation B 919; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification establishes the requirements for
welded, internally enhanced copper tube, in straight lengths or
coils, suitable for use in refrigeration and air conditioning
products or other heat exchangers.

1.2 Units—The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units, which are provided for
information only and are not considered standard.

1.3 The product shall be produced of the following coppers.
Unless otherwise specified, tubes made from any one of these
coppers may be supplied:

Copper UNS No. Type of Metal

C10200 Oxygen-free without residual deoxidants
C12200 Phosphorized, high residual phosphorus (DHP)

1.4 The following pertains to the test method described in
18.4 of this specification.This standard does not purport to
address all of the safety concerns, if any, associated with its
use. It is the responsibility of the user of this standard to
establish appropriate safety and health practices and deter-
mine the applicability of regulatory requirements prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 153 Test Method for Expansion (Pin Test) of Copper and

Copper-Alloy Pipe and Tubing2

B 577 Test Methods for Detection of Cuprous Oxide (Hy-
drogen Embrittlement Susceptibility) in Copper2

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast2

B 846 Terminology for Copper and Copper Alloys2

E 3 Practice for Preparation of Metallographic Specimens3

E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 53 Test Methods for Determination of Copper in Unal-
loyed Copper by Gravimetry5

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)5

E 112 Test Methods for Determining Average Grain Size3

E 243 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Copper and Copper-Alloy Tubes6

E 255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition5

3. Terminology

3.1 For the definition of terms related to copper and copper
alloys refer to Terminology B 846.

3.2 Definitions:
3.2.1 bottom wall, n—the wall thickness measured from the

base of the enhancement to the outside surface.
3.2.2 coil, n—a length of the product wound into a series of

connected turns.
3.2.3 enhancement, n—a geometrical feature intentionally

formed on a tube I.D. surface to improve heat transfer.
3.2.4 level wound, adj—a type of coil in which the turns are

wound into layers parallel to the axis of the coil such that
successive turns in a given layer are next to one another.

3.3 Definitions of Terms Specific to This Standard:
3.3.1 roundness tolerance, n—the roundness tolerance is

defined as the maximum OD at a point minus the minimum
OD, at the same plane of intersection of the tube, divided by
the specified OD3 100 %.

3.3.2 squareness of cut, n—the maximum deviation of one
side of a cross section from the opposite side, when measured
against the projected perpendicularity of the plane of the
projected center of the tube at the ends.

4. Classification

4.1 The following types of welded tube are manufactured
under the scope of this specification:

4.1.1 As-Welded—Welded tube without subsequent heat
treatment or cold work.

4.1.2 Welded Tube, Subsequently Annealed—Welded tube
annealed to produce a uniform grain size appropriate to the

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved Oct. 10, 2001. Published December 2001.
2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.

5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.03.
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specified annealed temper.

5. Ordering Information

5.1 Include the following information when placing orders
for product under this specification:

5.1.1 ASTM designation number and year of issue,
5.1.2 Copper UNS No.,
5.1.3 Tube type (Section 4),
5.1.4 Temper (Section 8),
5.1.5 Length, diameter, bottom-wall thickness, and en-

hancement dimensions. Configuration of the enhanced surface
shall be as agreed upon between the manufacturer, or supplier,
and purchaser,

5.1.6 How furnished: straight or coils,
5.1.7 Quantity,
5.1.8 Cuprous oxide test, if required (12.3 and 16.1.4),
5.1.9 Certification, when required (Section 22), and
5.1.10 Mill test report, if required (Section 23).

6. Materials and Manufacture

6.1 Material:
6.1.1 The material of manufacture shall be sheet or strip, of

the required alloy, and may be either cold worked or annealed.
6.1.2 The material shall be of such purity and soundness as

to be suitable for processing into the product prescribed herein.
6.2 Manufacture:
6.2.1 The welded tube shall be manufactured from either

cold rolled or annealed sheet or strip. The sheet or strip shall be
formed into a tubular shape on a suitable forming mill.

6.2.2 Welding shall be accomplished by any process that
produces forge or fusion welds leaving no crevice visible to the
unaided eye in the weld seam.

6.2.2.1 Forge—Welded Tube—The edges of the strip shall
be heated to the required welding temperature, usually by a
high frequency electric current, and be pressed firmly together
causing a forged-type joint to be formed with internal and
external flash.

6.2.2.2 Fusion—Welded Tube—The edges of the tube shall
be brought together and welded, usually by a GTAW welding
process, without the addition of filler metal, causing a fusion-
type joint to be formed with no internal or external flash.

6.2.2.3 Flash Removal—The external flash of forge welded
tubes, if present, shall be removed by scarfing. The internal
flash shall be treated by one of the following techniques: (1)
IFI—internal flash to remain in the as-welded condition, (2)
IFR—internal flash to be removed by scarfing, and (3) IFD—
internal flash displaced by rolling or drawing.

6.2.3 The internal enhancement shall be produced by cold
forming.

6.2.4 The longitudinal seam from welding shall be free of
filler metal.

7. Chemical Composition

7.1 The material shall conform to the requirements in Table
1 for the copper specified in the contract or purchase order.

7.2 These compositional limits do not preclude the possible
presence of other unnamed elements. When required, limits
and analysis for unnamed elements shall be established by
agreement between the manufacturer and the purchaser.

8. Temper

8.1 Tempers, as defined in Classification B 601, of the
various tube types are as follows:

8.1.1 As-Welded:
8.1.1.1 Annealed strip WM50, subsequently internally en-

hanced by cold working and welded.
8.1.2 Welded and Annealed:
8.1.2.1 Annealed strip, internally enhanced by cold work-

ing, welded and soft annealed W060, and
8.1.2.2 Annealed strip, internally enhanced by cold work-

ing, welded and light annealed W050.

NOTE 1—By agreement with the purchaser and manufacturer, product
in special tempers may be supplied with properties as agreed upon
between the purchaser and the manufacturer.

9. Grain Size for Annealed Tempers

9.1 Samples of annealed temper tubes shall be examined at
a magnification of 75 diameters. The grain size shall be
determined in the wall beneath the internal enhancement. The
microstructure shall show complete recrystallization and shall
have an average grain size within the limits specified in Table
2.

9.2 The surface of the test specimen for the microscopical
examination shall approximate a radial longitudinal section of
the tube.

10. Mechanical Properties

10.1 WM (as-welded) and WO (annealed) temper shall
conform to the mechanical properties as specified in Table 2.

10.2 If disagreement arises between the grain size require-
ment and the mechanical property requirements for annealed
tempers, the mechanical property requirements take precedent.

11. Performance Requirements

11.1 Expansion Requirements:
11.1.1 The annealed material shall be capable of being

expanded in accordance with Test Method B 153 with an
expansion of the outside diameter in the following percentage:

Outside Diameter,
in. (mm)

Expansion of Outside
Diameter, %

0.750 in. (19.0) and under 30
Over 0.750 in. (19.0) 20

TABLE 1 Chemical Requirements

UNS Alloy Number Copper, wt % Phosphorus, wt %

C10200A 99.95 min
C12200 99.9 min 0.015 - 0.040

AOxygen in C10200 shall be 10 ppm max.

TABLE 2 Mechanical Property Requirements of As-Fabricated
and Annealed Tube

Temper
Average Grain

Size, mm
Tensile Strength,

ksiA (Mpa)
Yield Strength,

ksiB (Mpa)

Elongation in
2 in. (51 mm),

min %

WM . . . 30 min (205 min) . . . . . .
WO60 0.040 min. 30 min (205 min) 6 (40) min 35
WO50 0.040 max 30 min (205 min) 9-15 (60 - 105) 35
Aksi = 1000 psi.
BYield strength to be determined at 0.5 % extension under load.
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11.1.2 The expanded tube shall show no cracking or rupture
visible to the unaided eye.

12. Other Requirements

12.1 Nondestructive Examination for Defects:
12.1.1 Each tube shall be subjected to an eddy-current test.

Tubes shall normally be tested in the fabricated temper;
however, they may be tested in the annealed temper at the
option of the manufacturer.

12.1.2 Electromagnetic (Eddy-Current) Test:
12.1.2.1 The testing shall follow the procedures specified in

Practice E 243. Unless otherwise agreed upon between the
manufacturer, or supplier, and the purchaser, the manufacturer
shall have the option of calibrating the test equipment using
either notches or drilled holes. Notch depth standards rounded
to the nearest 0.001 in. (0.025 mm) shall be 22 % of the
nominal, bottom-wall thickness. Drilled hole standards shall be
0.025-in. (0.635-mm) diameter for tubes up to and including
3⁄4-in. (19.05-mm) specified diameter and 0.031-in. (0.785-
mm) diameter for tubes over3⁄4-in. (19.05-mm) specified
diameter.

12.1.2.2 Tubes that do not actuate the signaling device on
the eddy-current tester shall be considered in conformance to
the requirements of this test.

12.1.2.3 Tubes, rejected for irrelevant signals because of
moisture, soil, and or minor, mechanical damage, shall, at the
option of the manufacturer, be reconditioned and retested.

12.1.2.4 Tubes that are reconditioned and retested (see
12.1.2.3) shall be considered to conform to the requirements of
this specification, if they do not cause output signals beyond
the acceptable limits.

12.1.2.5 Unless otherwise specified, eddy-current disconti-
nuities will be identified on coils in excess of 200 ft. (6096 cm)
in length for subsequent removal by the purchaser.

12.1.2.6 When required, the customer shall specify the
permissible number of identified eddy-current discontinuities.

12.2 Cleanness Requirements:
12.2.1 The tube shall be capable of meeting the following

cleanness requirement:
12.2.1.1 The inside of the tube with closed ends shall be

sufficiently clean so that when tested in accordance with the
method given in 18.4, the residue remaining upon evaporation
of the solvent shall not exceed 0.0035 g/ft2 (0.038 g/m2) of
interior surface.

12.2.1.2 The term “capable of” in the context of this
requirement shall mean that the testing and reporting of
individual lots need not be performed by the producer of the
product, if capability of the manufacturing process to meet this
requirement has previously been established. However, should
subsequent testing by either the producer or purchaser establish
that the product does not meet this requirement, the product
shall be subject to either rejection, or recall or both. See 18.4
for the test method.

12.3 Cuprous Oxide Requirement:
12.3.1 Product manufactured from Copper UNS Alloy

C10200 shall be significantly free of cuprous oxide as deter-
mined by Procedure A of Test Methods B 577.

13. Dimensions, Mass, and Permissible Variations

13.1 The standard method for specifying tube diameters and
walls shall be decimal fractions of an inch.

13.2 Tolerances on a given tube are permitted to be speci-
fied with respect to any two but not all three of the following:
outside diameter, inside diameter, and bottom-wall thickness.

13.3 For the purposes of determining conformance with the
dimensional requirements in this specification, any measured
value outside the specified limiting values for any dimension
shall be cause for rejection.

13.4 Bottom-Wall Thickness Tolerances:
13.4.1 Bottom-wall thickness tolerances shall conform to

the tolerances listed in Table 3 (See Fig. 1).
13.4.2 The wall thickness tolerances, listed in Table 3 for

tube furnished IFI, shall not apply to that portion of the tube
wall that contains the interior flash and weld upset.

NOTE 2—The weld thickness shall not exceed the summation of the
bottom- wall thickness and the enhancement height.

13.4.3 The tolerances of Table 3 shall be increased by
100 % for tube furnished IFR and IFD for the portion of the
tube wall that contains the weld zone.

13.5 Diameter Tolerances:
13.5.1 The average diameter tolerances in Table 4 shall

apply to both coils and straight lengths of product:
13.5.2 For product furnished IFI, IFD, or IFR, the inside

diameter shall not be taken so as to include the flash or
flash-treated areas.

13.6 Lengths:
13.6.1 For coil lengths, see Table 5 of this specification. If

coils are produced to a specified nominal weight, no coil shall
weigh less than 40 % of the nominal weight, and no more than
20 % of the coils in a lot shall weigh less than 65 % of nominal
weight unless otherwise agreed upon between the manufac-
turer, or supplier, and purchaser.

13.6.2 The tolerances for tubes furnished in straight lengths
shall be in accordance with Table 6.

TABLE 3 Bottom-Wall Tolerance

Bottom-Wall Thickness,
in. (mm)

Tolerance (Plus and Minus)
Outside Diameter, in. (mm)

0.125 to 0.625
(3 to 16), incl

Over 0.625 to 1.000
(16 to 25), incl

Up to 0.017 (0.43), incl. 0.001(0.025) 0.0015 (0.038)
Over 0.017 to 0.024

(0.43 to 0.61), incl
0.002 (0.050) 0.002 (0.050)
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13.7 Roundness:
13.7.1 The roundness tolerance for material in straight

lengths shall be 1.5 % of the OD expressed to the nearest 0.001
in. (0.025 mm).

13.7.2 The roundness tolerance for material in coils shall be
6.5 % of the OD expressed to the nearest 0.001 in. (0.025 mm).

13.8 Squareness of Cut:
13.8.1 For tube in straight lengths, the departure from

squareness of the end of any tube shall not exceed the
following:

Specified Outside Diameter, in. (mm) Tolerance

Up to 0.625 (15.9 mm), incl. 0.010 in. (0.25 mm)
Over 0.625 (15.9 mm) 0.016 in./in. (0.406 mm/mm)

13.9 Straightness:
13.9.1 For tubes in any as-welded temper, the straightness

tolerance shall be in accordance with Table 7.

14. Workmanship, Finish and Appearance

14.1 The product shall be free of defects, but blemishes of

a nature that do not interfere with the intended application are
acceptable.

15. Sampling

15.1 The lot size and portion size of the finished product
shall be as follows:

15.1.1 Lot Size—An inspection lot shall be 10 000 lb (4540
kg) or fraction thereof, subject to inspection at one time.

15.1.2 Portion Size—A portion shall be taken for test
purposes from each lot according to the following schedule:

Number of Tubes in Lot Number of Pieces to be Taken

1 to 50 1
51 to 200 2
201 to 1500 3
Over 1500 0.2 % of the total number of pieces in

the lot, but not to exceed ten pieces

15.2 Chemical Analysis:
15.2.1 Sampling for chemical analysis by the manufacturer

shall be performed by one of the following methods:
15.2.1.1 The sample shall be taken in approximately equal

weight from each portion piece selected in 15.1.2 and in
accordance with Practice E 255. The minimum weight of the
composite sample shall be 150 g.

15.2.1.2 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
composition by analyzing samples taken at the time castings
are poured or taken from semifinished product. When the
manufacturer determines chemical composition during the
course of manufacture, sampling of the finished product is not
required.

15.2.1.3 In case of compositional dispute, the sample shall
be taken in accordance with 15.2.1.1.

15.2.2 The number of samples taken for determining com-
position shall be as follows:

15.2.2.1 When samples are taken at the time the castings are
poured, at least two samples shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

FIG. 1 Bottom-Wall Thickness Tolerances

TABLE 4 Average Diameter Tolerances

Specified Diameter,
in. (mm)

Tolerance, Plus and Minus,
in. (mm)

0.125 to 0.625 (3 to 16), incl 0.002 (0.050)
Over 0.625 to 1.000 (16 to 25), incl 0.0025 (0.063)

TABLE 5 Coil Length Tolerances (Specific Lengths)

Tube
Outside

Diameter,
in. (mm)

Nominal
Length,
ft (m)

Shortest
Permissible

Length, % of
Nominal Length

Maximum
Permissible

Weight of Ends,
% of Lot Weight

Tolerance
All Plus,

ft (m)

All sizes up to 100 (30.5), incl. 100 0 1 (0.3)
All sizes over 100 (30.5) 40 20 ...

TABLE 6 Length Tolerances for Straight Lengths

NOTE—Tolerances are all plus; if all minus tolerances are desired, use
the same values; if tolerances of plus and minus are desired, halve the
values given.

Length
Tolerance,
in. (mm)

Up to 6 in (152 mm), incl. 0.063 in. (1.6)
Over 6 in. (152 mm) to 2 ft. (610 mm), incl. 0.063 in. (1.6)
Over 2 ft (610 mm) to 6 ft (1.83 m), incl. 0.094 in. (2.38)
Over 6 ft (1.83 m) to 14 ft (4.27 m) 0.250 in. (6.3)
Over 14 ft ( 4.27 m) 0.500 in. (12.7)

TABLE 7 Straightness Tolerance

Length,
ft (m)

Maximum Curvature
(Depth of Arc),

in. (mm)

Over 3 (0.914) to 6 (1.83), incl. 0.188 in. (4.8)
Over 6 (1.83) to 8 (2.44), incl. 0.313 in. (7.9)
Over 8 (2.44) to 10 (3.05), incl. 0.500 in. (13)
Over 10 (3.05) 0.500 in. (13) in any

10 ft (3.05 m) section

B 919

4



15.2.2.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 lb
(4540 kg) or fraction thereof, except that not more than one
sample per piece is required.

15.3 Other Tests:
15.3.1 Specimens for all other tests shall be taken from two

of the sample pieces taken in 15.1.2 and be of a convenient size
to accommodate the test(s) and comply with the requirements
of the product specification and test method(s).

15.3.2 In the event only one sample piece is required, all
specimens shall be taken from the piece selected.

15.3.3 In the case of tube furnished in coils, a length
sufficient for all necessary tests shall be cut from each coil
selected for purpose of testing. The remaining portion of these
coils shall be included in the shipment, and the permissible
variations in length on such coils shall be waived.

16. Number of Tests and Retests

16.1 Tests:
16.1.1 Chemical Analysis—Chemical composition shall be

determined as the per element mean of results from at least two
replicate analyses of the sample(s), and the results of each
replication must meet the requirements of Table 1 for the
specified copper.

16.1.2 Grain Size—The average grain size of each speci-
men shall be the arithmetic average of at least three different
fields.

16.1.3 Mechanical Properties—Mechanical properties shall
be reported as individual test results from each of two pieces
selected in 15.1.2, and each specimen must meet the require-
ments of the product specification.

16.1.4 Cuprous Oxide Requirement:
16.1.4.1 When specified, one test of each sample selected in

15.1.2 shall be performed and each specimen must meet the
requirement in 12.3.

16.1.5 When only one piece is to be sampled, all specimens
shall be taken from the piece selected.

16.2 Retests:
16.2.1 When requested by the manufacturer or supplier, a

retest shall be performed when results of tests obtained by the
purchaser fail to conform to the requirements of the product
specification.

16.2.2 The retest shall be as directed in the product speci-
fication for the initial test, except the number of test specimens
shall be twice that normally required for the specified test.

16.2.3 All test specimens shall conform to the product
specification requirement(s) in retest. Failure to conform shall
be cause for rejection.

17. Specimen Preparation

17.1 Chemical Analysis:
17.1.1 Preparation of the analytical test specimen shall be

the responsibility of the reporting laboratory.
17.2 Grain Size:
17.2.1 Test specimen shall be prepared in accordance with

Practice E 3.
17.3 Tensile Test:
17.3.1 The test specimen shall be of the full section of the

tube and shall conform to the requirements of the section titled

Specimens for Pipe and Tube in Test Methods E 8.
17.3.2 Because some internal enhancement configurations

may cause breakage of the specimen in the grips, specimen
ends may be flattened and tested using wedge or sheet metal
grips.

17.4 Electromagnetic (Eddy-Current) Test:
17.4.1 Specimen preparation shall be in accordance with

Practice E 243.
17.5 Cleanness Test:
17.5.1 A section of a straight tube specimen, or a straight-

ened tube specimen from the outside end of a coil, not less than
5 ft. (1.5 m) shall be selected.

17.6 Cuprous Oxide Requirement:
17.6.1 Sample preparation shall be in accordance with Test

Methods B 577.

18. Test Methods

18.1 In the case of disagreement, the properties enumerated
in this specification shall be determined in accordance with the
ASTM International test methods listed in Table 8.

18.2 Tension Tests:
18.2.1 Tensile specimens shall normally be tested as shown

in Fig. 11 of Test Methods E 8. Tension test specimens shall be
of the full section of the tube unless the limitations of the
testing machine precludes the use of such specimen. Determi-
nation of cross-sectional area shall be determined by using the
weight of the tube as described in Test Methods E 8.

18.2.2 Whenever different tension test results are obtained
from both full-size and from machined test specimens, the
results obtained from full-size test specimens shall be used to
determine conformance to the requirements of this specifica-
tion.

18.2.3 Tension test results on product within the scope of
this specification are not seriously affected by variations in
speed of testing. A considerable range of testing speed is
permissible; however, the rate of stressing to the yield strength
shall not exceed 100 ksi/min (690 MPa/min). Above the yield
strength, the movement per minute of the testing-machine head
under load should not exceed 0.5 in./in. (0.5 mm/mm) of gage
length (or distance between grips for full-section specimens).

18.3 Grain Size—In case of dispute, the intercept method
shall be followed.

18.4 Cleanness Test:
18.4.1 One end of the tube specimen, selected per 17.5 shall

be closed and the tube specimen shall be filled with solvent to
one-eighth of capacity. The opposite end shall be sealed and the
tube shall be rolled back and forth on horizontal supports to
thoroughly wash the inside surface. The seal shall be removed

TABLE 8 Methods of Test

Test ASTM Designation

Cuprous oxide requirement B 577, Method C
Tension E 8
Grain size E 112
Expansion (pin test) B 153
Eddy current E 243
Chemical analysis

Copper E 53
Phosphorus E 62
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and the solvent shall be poured into a suitable weighed-
container. The solvent in the container shall be evaporated to
dryness on a low-temperature hot plate or sand bath. Overheat-
ing of the container shall be avoided to prevent charring of the
residue. The container shall then be dried in an oven at 100 to
110°C for 10 min, cooled in a desiccator, and weighed. A blank
determination shall be run on the determined quantity of
solvent and the gain in weight for the blank shall be subtracted
from the weight of the residue sample. The corrected weight
shall then be calculated in grams of residue per internal area of
the tube in square feet (g/m2).

18.4.2 The quantity of the solvent used will vary with the
size of the tube being examined. The quantity of solvent used
for the blank run shall be the same as that discharged from the
tube specimen.

18.4.3 The specimen must be prepared in such a manner as
to prevent the inclusion in the residue of copper chips or dust
resulting form the cutting of the sample.

19. Significance of Numerical Limits

19.1 For purpose of determining compliance with the speci-
fied limits for requirements of the properties listed in Table 9,
an observed or calculated value shall be rounded as indicated,
in accordance with the rounding method of Practice E 29.

20. Inspection

20.1 The manufacturer shall inspect and make the necessary
tests to verify that the tubes furnished conform to the specifi-
cation requirements.

20.2 If, in addition, the purchaser elects to perform his, or
her, own inspection, the manufacturer shall afford the inspector
all reasonable facilities without charge to satisfy the purchaser
that the tubes are being furnished in accordance with this
specification.

21. Rejection and Rehearing

21.1 Rejection:
21.1.1 Material that fails to conform to the requirements of

this specification when inspected or tested by the purchaser or
his agent may be rejected.

21.1.2 Rejection shall be reported to the manufacturer or
supplier promptly.

21.1.3 In case of dissatisfaction with results of the test upon
which rejection is based, the manufacturer, or supplier, may
make claim for a rehearing.

21.2 Rehearing:
21.2.1 As a result of product rejection, the manufacturer, or

supplier, may make claim for a retest to be conducted by the
manufacturer, or supplier, and the purchaser. Samples of the
rejected product shall be taken in accordance with the product
specification and subjected to test by both parties using the test
method(s) specified in the product specification or upon
agreement of both parties, an independent laboratory may be
selected for the test(s) using the test method(s) specified in the
product specification.

22. Certification

22.1 When specified in the contract or purchase order, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification, and the requirements have been met.

23. Mill Test Report

23.1 When specified in the contract or purchase order, a
report of test results shall be furnished.

24. Packaging and Package Marking

24.1 The material shall be separated by size, composition,
and temper and prepared for shipment in such a manner as to
insure acceptance by common carrier for transportation.

24.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, gross and net weight, total length or piece count, or both,
and name of supplier. The specification number shall be shown
when specified.

25. Keywords

25.1 coils; copper tubes; C10200; C12200; heat exchanger;
internally enhanced; straight lengths; tube; welded

TABLE 9 Rounding Units

Property
Rounded Unit for Observed

or Calculated Value

Chemical composition
and hardness

Nearest unit in the last
right-hand place of figures
of the specified limit

Tensile strength Nearest ksi (nearest 5 Mpa)
Expansion Nearest 1 %
Grain size

Up to 0.055 mm incl Nearest multiple of 0.005 mm
Over 0.055 to 0.160 mm incl Nearest 0.01 mm
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength is shown in accordance with
the International System of Units (SI). The derived SI unit for
force is the Newton (N), which is defined as the force that
when applied to a body having a mass of one kilogram gives it
an acceleration of one metre per second squared (N = kg·m/s2).

The derived SI unit for pressure or stress is the Newton per
square metre (N/m2), which has been named the Pascal (Pa) by
the General Conference on Weights and Measures. Since 1
ksi = 6 894 757 Pa, the metric equivalents are expressed as
megapascals (Mpa), which is the same as MN/m2 and N/mm2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 927 – 03

Standard Specification for
Brass Rod, Bar, and Shapes 1

This standard is issued under the fixed designation B 927; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification establishes requirements for brass rod
(round, hexagonal, and octagonal), bar (rectangular and
square), and shapes of UNS Alloys C21000, C22000, C23000,
C24000, C26000, C26800, C27000, and C27400.

1.2 Units—The values stated in either inch-pound or SI
units are to be regarded separately as standard. Within the text
and tables, the SI units are shown in brackets. The values stated
in each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in nonconformance
with the standard.

2. Referenced Documents

2.1 ASTM Standards:
B 16/B 16M Specification for Free-Cutting Brass Rod, Bar

and Shapes for Use in Screw Machines2

B 36/B 36M Specification for Brass Plate, Sheet, Strip, and
Rolled Bar2

B 121/B 121M Specification for Leaded Brass Plate, Sheet,
Strip, and Rolled Bar2

B 124/B 124M Specification for Copper and Copper Alloy
Forging Rod, Bar, and Shapes2

B 134/B 134M Specification for Brass Wire2

B 135 Specification for Seamless Brass Tube2

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes and
Forgings2

B 587 Specification for Welded Brass Tube2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 8M Test Methods for Tension Testing of Metallic Mate-
rials (Metric)3

E 478 Test Methods for Chemical Analysis of Copper
Alloys4

3. General Requirements

3.1 The following sections of Specification B 249/B 249M
constitute a part of this specification:

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Workmanship, Finish, and Appearance,
3.1.4 Sampling,
3.1.5 Number of Tests and Retests,
3.1.6 Specimen Preparation,
3.1.7 Test Methods,
3.1.8 Significance of Numerical Limits,
3.1.9 Inspection,
3.1.10 Rejection and Rehearing,
3.1.11 Certification,
3.1.12 Mill Test Reports,
3.1.13 Product Marking,
3.1.14 Packaging and Package Marking, and
3.1.15 Supplementary Requirements.
3.2 In addition, when a section with a title identical to that

referenced in 3.1 appears in this specification, it contains
additional requirements that supplement those that appear in
Specification B 249/B 249M.

4. Ordering Information

4.1 Include the following information in orders for product:
4.1.1 ASTM Designation and year of issue,
4.1.2 Copper Alloy UNS No. designation,
4.1.3 Temper,
4.1.4 Cross section (round, hexagonal, octagonal, rectangu-

lar, or square),
4.1.5 Quantity (total weight, footage, or number of pieces of

each temper, cross section, and alloy),
4.1.6 Dimensions (diameter or distance between parallel

surfaces, width and thickness, length),
4.1.7 Type of edge (square corners, rounded edge, full-

rounded edge),
4.1.8 How furnished (specific lengths with or without ends),

and
4.1.9 When material is purchased for agencies of the U.S.

government (Specification B 249/B 249M).

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes and Forgings.

Current edition approved May 10, 2003. Published June 2003.
2 Annual Book of ASTM Standards, Vol 02.01.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.06.

1
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4.2 The following requirements are available to this speci-
fication and should be specified in the contract or purchase
order when required:

4.2.1 Certification (Specification B 249/B 249M), and
4.2.2 Mill Test Report (Specification B 249/B 249M).

5. Materials and Manufacture

5.1 Material:
5.1.1 The material shall be made from cast billets, logs, or

rods of Copper Alloy UNS Nos. C21000, C22000, C23000,
C24000, C26000, C26800, C27000, or C274000 of such purity,
soundness, and structure to be suitable for processing into the
desired product.

5.2 Manufacture:
5.2.1 The products shall be manufactured by such hot

working, cold working, and annealing processing as to produce
a uniform wrought structure in the finished product.

6. Chemical Composition

6.1 The material shall conform to the chemical composi-
tional requirements specified in Table 1 for the copper alloy
specified in the ordering information.

6.1.1 When all elements specified for a given alloy in Table
1 are determined, their sum of results shall be as follows:

Alloy UNS Nos.
Sum of Results,

Percent, Minimum
C21000, C22000, C23000, C24000 99.8
C26000, C26800, C27000, C27400 99.7

6.2 These composition limits do not preclude the presence
of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

6.3 Zinc, listed as the “remainder,” is the difference between
the sum of results for all elements determined and 100 %.

7. Temper

7.1 The standard tempers for rod and bar described in this
specification are given in Tables 2 and 3.

7.1.1 O60 (Soft Anneal),
7.1.2 H01 (1⁄4Hard),
7.1.3 H02 (1⁄2Hard), and

7.1.4 H04 (Hard).
7.2 Other tempers, and temper for other products including

shapes, shall be subject to agreement between the manufacturer
and the purchaser.

8. Mechanical Property Requirement

8.1 Tensile Strength Requirements:
8.1.1 Product shall conform to the requirements of Tables 2

and 3 when tested in accordance with Test Methods E 8 or
E 8M.

9. Purchases for U.S. Government

9.1 When specified in the contract or purchase order,
product purchased for agencies of the U.S. government shall
conform to the special government requirements stipulated in
the Supplementary Requirements section of Specification
B 249/B 249M.

10. Dimensions, Mass, and Permissible Variations

10.1 The dimensions and tolerances for rod, bar, and shapes
described by this specification shall be as specified in Specifi-
cation B 249/B 249M with particular reference to the following
tables in that specification:

10.1.1 Diameter or Distance Between Parallel Surfaces:
10.1.1.1Rod—Table 1.
10.1.1.2Bar—Tables 8 and 10.
10.1.2 Shapes—Dimensional tolerances shall be subject to

agreement between the manufacturer and the purchaser.
10.1.3 Length—Tables 13 and 14.
10.1.4 Straightness—Table 16—General Use section.
10.1.5 Angles—All regular polygonal sections shall have

substantially exact angles and, unless otherwise specified,
sharp corners.

11. Test Methods

11.1 Chemical Analysis:
11.1.1 Composition shall be determined, in case of disagree-

ment, as follows:
Element Test Method
Copper E 478
Lead E 478 (AA)
Iron E 478
Zinc E 478 (Titrametric)

11.1.2 Test methods to be followed for the determination of
elements resulting from contractual or purchase order agree-
ment shall be as agreed upon between the manufacturer or
supplier and the purchaser.

12. Keywords

12.1 brass bar; brass rod; brass shape; copper-alloy rod;
C21000; C22000; C23000; C24000; C26000; C26800;
C27000; C27400

TABLE 1 Chemical Requirements

Copper Alloy
UNS No.

Composition, %

Copper Lead, max Iron, max Zinc

C21000 94.0-96.0 0.05 0.05 remainder
C22000 89.0-91.0 0.05 0.05 remainder
C23000 84.0-86.0 0.05 0.05 remainder
C24000 78.5-81.5 0.05 0.05 remainder
C26000 68.5-71.5 0.07 0.05 remainder
C26800 64.0-68.5 0.15 0.05 remainder
C27000 63.0-68.5 0.10 0.07 remainder
C27400 61.0-64.0 0.10 0.05 remainder
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TABLE 2 Tensile Requirements (Inch-Pound Units)

Temper
Diameter or

Distance Between
Parallel Surfaces, in.

Tensile Strength,
min

Yield Strength at
0.5 % Extension
Under Load, min

ElongationA in
43 diameter or

43 thickness, min

Code Name ksi ksi %

Copper Alloy UNS No. C21000 Rod (round, hexagonal, octagonal)

O60 Soft Anneal All sizes 30 10 25
H01 1⁄4Hard Under 1⁄2

1⁄2 to 1, incl
over 1

36
34
32

16
14
12

15
17
19

H02 1⁄2Hard Under 1⁄2
1⁄2 to 1, incl
over 1

42
40
37

25
23
20

8
9
11

H04 Hard Under 1⁄2
1⁄2 to 1, incl
over 1 to 2 incl

52
48
45

40
37
35

5
7
9

Copper Alloy UNS No. C21000 BarB

O60 Soft Anneal All sizes 30 10 25
H01 1⁄4Hard Under 1⁄2

1⁄2 to 2, incl
34
32

14
12

17
19

Copper Alloy UNS No. C22000 Rod (round, hexagonal, octagonal)

060 Soft Anneal All sizes 32 10 25
H01 1⁄4Hard Under 1⁄2

1⁄2 to 1, incl
over 1

39
37
34

20
17
15

15
17
19

H02 1⁄2Hard Under 1⁄2
1⁄2 to 1, incl
over 1

50
45
40

30
27
25

7
10
12

H04 Hard Under 1⁄2
1⁄2 to 1, incl
over 1 to 2 incl

57
55
50

40
37
35

5
7
9

Copper Alloy UNS No. C22000 BarB

O60 Soft Anneal All sizes 32 10 25
H01 1⁄4Hard Under 1⁄2

1⁄2 to 2, incl
35
34

16
15

17
19

Copper Alloy UNS No. C23000 Rod (round, hexagonal, octagonal)

O60 Soft Anneal All sizes 35 10 25
H01 1⁄4Hard Under 1⁄2

1⁄2 to 1, incl
over 1

44
42
40

20
17
15

15
17
19

H02 1⁄2Hard Under 1⁄2
1⁄2 to 1, incl
over 1

50
45
40

30
27
25

7
10
12

H04 Hard Under 1⁄2
1⁄2 to 1, incl
over 1 to 2 incl

63
60
58

40
37
35

5
7
9

Copper Alloy UNS No. C23000 BarB

O60 Soft Anneal All sizes 35 10 25
H01 1⁄4Hard Under 1⁄2

1⁄2 to 1, incl
over 1 to 2 incl

40
38
36

15
13
11

19
22
25

H02 1⁄2Hard Under 1⁄2
1⁄2 to 1, incl
over 1 to 2 incl

44
42
40

20
17
15

15
17
19

Copper Alloy UNS No. C24000 Rod (round, hexagonal, octagonal)

O60 Soft Anneal All sizes 40 10 30
H01 1⁄4Hard Under 1⁄2

1⁄2 to 1, incl
over 1

47
45
43

25
20
18

18
20
22

H02 1⁄2Hard Under 1⁄2
1⁄2 to 1, incl
over 1

53
48
43

33
30
28

10
13
15

H04 Hard Under 1⁄2
1⁄2 to 1, incl
over 1 to 2 incl

68
65
60

45
40
35

8
10
12
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TABLE 2 Continued

Temper
Diameter or

Distance Between
Parallel Surfaces, in.

Tensile Strength,
min

Yield Strength at
0.5 % Extension
Under Load, min

ElongationA in
43 diameter or

43 thickness, min

Code Name ksi ksi %

Copper Alloy UNS No. C24000 BarB

O60 Soft Anneal All sizes 40 10 30
H01 1⁄4Hard Under 1⁄2

1⁄2 to 1, incl
over 1 to 2 incl

45
43
41

20
18
16

20
22
25

Copper Alloy UNS No. C26000 Rod (round, hexagonal, octagonal)

O60 Soft Anneal All sizes 40 12 30
H01 1⁄4Hard Under 1⁄2

1⁄2 to 1, incl
over 1

50
48
46

30
25
20

20
24
28

H02 1⁄2Hard Under 1⁄2
1⁄2 to 1, incl
over 1

57
54
50

35
32
30

15
20
25

H04 Hard Under 1⁄2
1⁄2 to 1, incl
over 1 to 2 incl

70
65
60

50
45
40

10
15
20

Copper Alloy UNS No. C26000 BarB

O60 Soft Anneal All sizes 40 12 30
H02 1⁄2Hard Under 1⁄2

1⁄2 to 1, incl
over 1 to 2 incl

50
45
40

25
17
15

10
20
20

Copper Alloy UNS No. C26800, C27000, C27400 Rod (round, hexagonal, octagonal)

O60 Soft Anneal All sizes 40 12 30
H01 1⁄4Hard Under 1⁄2

1⁄2 to 1, incl
over 1

47
45
43

25
20
18

18
20
22

H02 1⁄2Hard Under 1⁄2
1⁄2 to 1, incl
over 1

53
48
43

33
30
28

10
13
15

H04 Hard Under 1⁄2
1⁄2 to 1, incl
over 1 to 2 incl

68
65
60

45
40
35

8
10
12

Copper Alloy UNS No. C26800, C27000, C27400 BarB

O60 Soft Anneal All sizes 40 12 30
H02 1⁄2Hard Under 1⁄2

1⁄2 to 1, incl
over 1 to 2 incl

50
45
40

25
17
15

10
20
20

A In any case, a minimum gage length of 1 in. shall be used.
B For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
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TABLE 3 Tensile Requirements (SI Units)

Temper
Diameter or

Distance Between
Parallel Surfaces, in.

Tensile Strength,
min

Yield Strength at
0.5 % Extension
Under Load, min

ElongationA in
43 diameter or

43 thickness, min

Code Name MPa MPa %

Copper Alloy UNS No. C21000 Rod (round, hexagonal, octagonal)

O60 Soft Anneal All sizes 205 70 25
H01 1⁄4Hard Under 12

12 to 25, incl
over 25

250
235
220

110
95
85

15
17
19

H02 1⁄2Hard Under 12
12 to 25, incl
over 25

290
275
255

170
160
140

8
9
11

H04 Hard Under 12
12 to 25, incl
over 25 to 50 incl

360
330
310

275
255
240

5
7
9

Copper Alloy UNS No. C21000 BarB

O60 Soft Anneal All sizes 205 70 25
H01 1⁄4Hard Under 12

12 to 50, incl
235
220

95
85

17
19

Copper Alloy UNS No. C22000 Rod (round, hexagonal, octagonal)

060 Soft Anneal All sizes 220 70 25
H01 1⁄4Hard Under 12

12 to 25, incl
over 25

270
255
235

140
115
105

15
17
19

H02 1⁄2Hard Under 12
12 to 25, incl
over 25

345
310
275

205
185
170

7
10
12

H04 Hard Under 12
12 to 25, incl
over 25 to 50 incl

395
380
345

275
255
240

5
7
9

Copper Alloy UNS No. C22000 BarB

O60 Soft Anneal All sizes 220 70 25
H01 1⁄4Hard Under 12

12 to 50, incl
240
235

110
105

17
19

Copper Alloy UNS No. C23000 Rod (round, hexagonal, octagonal)

O60 Soft Anneal All sizes 240 70 25
H01 1⁄4Hard Under 12

12 to 25, incl
over 25

305
290
275

140
115
103

15
17
19

H02 1⁄2Hard Under 12
12 to 25, incl
over 25

345
310
285

205
185
170

7
10
12

H04 Hard Under 12
12 to 25, incl
over 25 to 50 incl

435
415
400

275
255
240

5
7
9

Copper Alloy UNS No. C23000 BarB

O60 Soft Anneal All sizes 240 70 25
H01 1⁄4Hard Under 12

12 to 25, incl
over 25 to 50 incl

275
260
250

105
90
75

19
22
25

H02 1⁄2Hard Under 12
12 to 25, incl
over 25 to 50 incl

305
290
275

140
115
105

15
17
19

Copper Alloy UNS No. C24000 Rod (round, hexagonal, octagonal)

O60 Soft Anneal All sizes 275 70 30
H01 1⁄4Hard Under 12

12 to 25, incl
over 25

325
310
295

170
140
125

18
20
22

H02 1⁄2Hard Under 12
12 to 25, incl
over 25

365
330
295

230
205
195

10
13
15

H04 Hard Under 12
12 to 25, incl
over 25 to 50 incl

470
450
415

310
275
240

8
10
12
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APPENDIXES

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m2 and N/mm2.

TABLE 3 Continued

Temper
Diameter or

Distance Between
Parallel Surfaces, in.

Tensile Strength,
min

Yield Strength at
0.5 % Extension
Under Load, min

ElongationA in
43 diameter or

43 thickness, min

Code Name MPa MPa %

Copper Alloy UNS No. C24000 BarB

O60 Soft Anneal All sizes 275 70 30
H01 1⁄4Hard Under 12

12 to 25, incl
over 25 to 50 incl

310
295
285

140
125
110

20
22
25

Copper Alloy UNS No. C26000 Rod (round, hexagonal, octagonal)

O60 Soft Anneal All sizes 275 85 30
H01 1⁄4Hard Under 12

12 to 25, incl
over 25

345
330
315

205
170
140

20
24
28

H02 1⁄2Hard Under 12
12 to 25, incl
over 25

395
370
345

240
220
205

15
20
25

H04 Hard Under 12
12 to 25, incl
over 25 to 50 incl

485
450
415

345
310
275

10
15
20

Copper Alloy UNS No. C26000 BarB

O60 Soft Anneal All sizes 275 85 30
H02 1⁄2Hard Under 12

12 to 25, incl
over 25 to 50 incl

345
310
275

170
115
105

10
20
20

Copper Alloy UNS No. C26800, C27000, C27400 Rod (round, hexagonal, octagonal)

O60 Soft Anneal All sizes 275 85 30
H01 1⁄4Hard Under 12

12 to 25, incl
over 25

325
310
295

170
140
125

18
20
22

H02 1⁄2Hard Under 12
12 to 25, incl
over 25

365
330
295

230
205
195

10
13
15

H04 Hard Under 12
12 to 25, incl
over 25 to 50 incl

470
450
415

310
275
240

8
10
12

Copper Alloy UNS No. C26800, C27000, C27400 BarB

O60 Soft Anneal All sizes 275 85 30
H02 1⁄2Hard Under 12

12 to 25, incl
over 25 to 50 incl

345
310
275

170
115
105

10
20
20

A In any case, a minimum gage length of 25 mm shall be used.
B For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
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X2. RATIONALE (COMMENTARY)

X2.1 This specification is a new Standard Specification for
Brass Rod, Bar, and Shapes. Federal Specification QQ-B-626,
which covered a number of binary brass and leaded brass
alloys in rods, shapes, forgings, and flat products, was can-
celled by Rev D, Notice 2, February 28, 1991. ASTM
Specifications B 36/B 36M, B 16/B 16M, B 121/B 121M, and
B 124/B 124M were referenced replacements for future pro-
curement.

X2.2 The above listed ASTM standards do not cover, in
particular, UNS alloys C26000 and C26800 in rod and bar. As

there continues to be significant commerce in these and other
binary brass products, this specification for Brass Rod, Bar, and
Shapes has been written by Subcommittee B05.02.

X2.3 Alloys included are C21000, C22000, C23000,
C24000, C26000, C26800, C27000, and C27400 in rod and bar
sizes up to 4.250 in. in diameter, and shapes.

X2.4 This specification completes the general product
coverage for binary brass: B 36/B 36M for flat products; B
134/B 134M for wire; B 135 for seamless tube; B 587 for
welded tube; and this specification for rod, bar, and shapes.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 937 – 04

Standard Specification for
Copper-Beryllium Seamless Tube (UNS Nos. C17500 and
C17510)1

This standard is issued under the fixed designation B 937; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification establishes the requirements for
copper-beryllium alloy seamless tube in straight lengths.
Copper-cobalt-beryllium alloy UNS No. C17500 and copper-
nickel-beryllium alloy UNS No. C17510 will be the alloys
furnished whenever this specification is specified.

1.2 Units—The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units, which are provided for
information only and are not considered standard.

1.3 The following safety hazard caveat pertains only to the
test method(s) described in this specification.This standard
does not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and to determine the applicability of regulatory limitations
prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:2

B 193 Test Method for Resistivity of Electrical Conductor
Materials

B 194 Specification for Copper-Beryllium Alloy Plate,
Sheet, Strip, and Rolled Bar

B 251 Specification for General Requirements for Wrought
Seamless Copper and Copper Alloy Tube

B 601 Classification for Temper Designations for Copper
and Copper Alloys—Wrought and Cast

B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials

E 255 Practice for Sampling Wrought Nonferrous Metals
and Alloys for Determinations of Chemical Compositions

E 1004 Practice for Determining Electrical Conductivity
Using the Electromagnetic (Eddy-Current) Method

3. General Requirements

3.1 The following sections of Specification B 251 (as noted)
constitute a part of this specification:

3.1.1 Workmanship, Finish, and Appearance,
3.1.2 Number of Tests and Retests,
3.1.3 Significance of Numerical Limits,
3.1.4 Inspection,
3.1.5 Rejection and Rehearing,
3.1.6 Certification,
3.1.7 Mill Test Report, and
3.1.8 Packaging and Package Marking.

4. Terminology

4.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

4.2 Definitions of Terms Specific to This Standard:
4.2.1 average diameter (for round tubes only), n—the

average of the maximum and minimum outside diameters, or
maximum and minimum inside diameters, whichever is appli-
cable, as determined at any one cross section of the tube.

4.2.2 lengths, n—straight pieces of the product
4.2.2.1 ends, n—straight pieces, shorter than the nominal

length, left over after cutting the product into mill lengths,
stock lengths, or specific lengths. They are subject to minimum
length and maximum weight requirements.

4.2.2.2 specific, adj—straight lengths that are uniform in
length, as specified, and subject to established length toler-
ances.

4.2.2.3 specific with ends, adj—specific lengths, including
ends.

4.2.2.4 stock, n—straight lengths that are mill cut and stored
in advance of orders. They are usually 8, 10, 12, or 20 ft (2.44,
3.05, 3.66, or 6.10 m) and subject to established length
tolerances.

4.2.2.5 stock with ends, adj—stock lengths, including ends.

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved May 1, 2004. Published May 2004.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or

contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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4.2.3 tube, n—a hollow product of round or any other cross
section having a continuous periphery.

4.2.3.1 tube, seamless, adj—a tube produced with a con-
tinuous periphery in all stages of the operations.

5. Ordering Information

5.1 Include the following information when placing orders
for product under this specification, as applicable:

5.1.1 Quantity, number of pieces or pounds,
5.1.2 Copper Alloy UNS No. designation (see 1.1),
5.1.3 Temper (see section 8)
5.1.4 Dimensions, including length if applicable. For tube

or pipe specify either OD/ID, OD/wall, or ID/wall.
5.1.5 How furnished: stock lengths with or without ends,

specific lengths with or without ends,
5.1.6 ASTM designation and year of issue,
5.1.7 Special tests or exceptions, if any,
5.1.8 Hardness tests, if required,
5.1.9 Special tests such as tension test, if required,
5.1.10 Special marking or packaging, if required,
5.1.11 Inspection, if required (see Specification B 251),
5.1.12 Certification, if required (see Specification B 251),
5.1.13 Mill test report, if required (see Specification B 251).
5.2 When material is purchased for agencies of the U.S.

government, this shall be specified in the contract or purchase
order, and the material shall conform to the Supplementary
Requirements as defined in the current issue of Specification
B 251.

6. Materials and Manufacture

6.1 Materials:
6.1.1 The material of manufacture shall be UNS Alloy No.

C17500 or C17510, cast and worked into tubular form, and of
such purity and soundness as to be suitable for processing into
the products prescribed herein.

6.1.2 The tube shall have heat traceable identity.
6.2 Manufacture:
6.2.1 The product shall be manufactured by a combination

of hot working or cold working, or both; annealing; or
precipitation heat treatment, or both, as to produce a uniform
wrought structure in the finished product, to meet the temper
specified.

7. Chemical Composition

7.1 The material shall conform to the chemical composition
requirements in Table 1 for the copper alloy designated in the

ordering information.
7.2 These composition limits do not preclude the presence

of other elements. By agreement between the manufacturer and
purchaser, limits may be established and analysis required for
unnamed elements

7.3 For alloys in which copper is listed as “Remainder,”
copper is the difference between the sum of results of all
elements determined and 100 %. When all elements in Table 1
are determined, the sum of results shall be 99.5 % min.

8. Temper

8.1 Tempers, as described in Classification B 601, available
under this specification are: TB00 (solution treated (A)), TF00
(precipitation hardened (AT)), TD04 (solution heat-treated and
cold worked: hard (H)), and TH04 (hard and precipitation
heat-treated (HT)). These products meet property requirements
in Table 2.

9. Precipitation Heat Treatment

9.1 When material is purchased in the TB00 (A) or the
TD04 (H) tempers, the precipitation heat treatment is per-
formed by the purchaser.

9.2 Conformance to the TF00 (AT) and TH04 (HT) speci-
fication limits shown in Table 2, for products supplied in the
TB00 (A) or the TD04 (H) tempers, shall be determined by
testing test specimens heat-treated at a uniform temperature of
850 to 900°F for the times shown in Table 3.

9.3 End products may be heat-treated at other times and
temperatures for specific applications. These special combina-
tions of properties such as increased ductility, dimensional
accuracy, and endurance strength may be obtained by special
precipitation-hardening heat treatments. The mechanical re-
quirements of Table 2 do not apply to such special heat
treatment. Specific test requirements as needed shall be agreed
upon between the manufacturer or the supplier and the pur-
chaser of the end product.

9.4 TF00 (AT) and TH04 (HT) tempers as standard mill-
hardened products has been precipitation heat-treated and
tested by the manufacturer. An appropriate time and tempera-
ture has been used to produce properties within the specifica-
tion limits shown in Table 2. Table 3 does not apply. Further
thermal treatment of these tempers is not normally required.

9.5 Material may be supplied with nonstandard properties.
Table 2 values would not apply. Specific test requirements as
needed shall be agreed upon between the manufacturer or
supplier and the purchaser of these end products.

10. Physical Property Requirements

10.1 Electrical Conductivity—Product furnished to this
specification shall conform to the electrical conductivity re-
quirement given in Table 2 for the applicable temper, when
tested in accordance with Practice E 1004 or by converting
from resistivity measured in accordance with Test Method
B 193.

11. Mechanical Property Requirements

11.1 Mechanical property requirements are specified in
Table 2.

TABLE 1 Chemical Composition

Concentration, %

Element
Copper Alloy
UNS No.
C17500

Copper Alloy
UNS No.
C17510

Beryllium 0.4-0.7 0.2-0.6
Cobalt 2.4-2.7 0.03 max
Nickel … 1.4-2.2
Iron, max 0.10 0.10
Aluminum, max 0.20 0.20
Silicon, max 0.20 0.20
Copper Remainder Remainder
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11.2 Rockwell Hardness—Rockwell hardness is the product
acceptance criteria, when tested in accordance with Test
Methods E 18 for product larger than3⁄8 in. (9.5 mm) in
nominal diameter or distance between parallel surfaces, and
other shapes having a nominal cross sectional area larger than
0.141 in.2 (91 mm2).

11.2.1 The referee product rejection criteria shall be tensile
results, when rested in accordance with Test Methods E 8.

11.3 Tension Test—The tension test will be used for quali-
fication of all material when specifically required by the
purchaser, as in some government requirements.

12. Purchases for the U.S. Government

12.1 When specified in the contract or purchase order,
product purchased for agencies of the U.S. government shall
conform to the special government regulations specified in the
Supplemental Requirements section of Specification B 251.

13. Dimensions, Mass, and Permissible Variation

13.1 The standard method of specifying wall thickness shall
be in decimal fractions of an inch.

13.1.1 For the purpose of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the specified values for any dimension
may be cause for rejection.

13.1.2 Tolerances on a given tube may be specified with
respect to any two, but not all three, of the following: outside
diameter, inside diameter, wall thickness

NOTE 1—Blank spaces in the tolerance tables indicate either that the
material is not generally available or no tolerances have been established.

13.2 Wall-Thickness Tolerances-Wall-thickness tolerances
shall be in accordance with Table 4 and Table 5.

13.3 Diameter Tolerances-Diameter Tolerances shall be in
accordance with Table 6.

13.4 Length Tolerances-Length tolerances shall be in accor-
dance with Table 7

13.5 Squareness-For tube in straight lengths, the departure
from squareness of the end shall not exceed the following:

Specified Outside
Diameter, in. (mm) Tolerance, in./in. (mm/mm)
3⁄4 (19.1) and over 0.062

TABLE 2 Tensile Strength and Rockwell Hardness Requirements A

Temper Designation As Supplied

Standard Former
Tensile

Strength
KsiB (MPaC)

Rockwell
Hardness,
B Scale

Electrical
Conductivity
IACS min, %

TB00 Solution heat-treated (A) 35-55 (240-380) 50 max 20
TD04 Solution heat-treated and

cold-worked hard (H)
65-80 (450-550) 60-80 20

After Precipitation Heat Treatment

TF00 Precipitation hardened (AT) 100-130 (690-895)D 92-100 45
TH04 Hard and precipitation heat-

treated (HT)
110-140 (760-965)D 95-102 48

A These values apply to mill products. See Section 10 for exceptions in end products.
B ksi = 1000 psi.
C See Appendix.
D The upper limits in the tensile strength column are for design guidance only.

TABLE 3 Precipitation Heat-Treatment Time for Acceptance Tests

Temper Designation Copper Alloy UNS
No. 17500 At

900°F (482°C), h

Copper Alloy UNS
No. C17510 At

850°F (454°C)A to
900°F (482°C)A, hStandard Former

TB00 Solution heat-treated (A) 3 3
TD04 Solution heat-treated and cold-worked:

hard (H)
2 2

A Specific temperature used must conform with supplier’s certification.

TABLE 4 Wall-Thickness Tolerances—TB00 (A) and TF00 (AT) Tempers A

NOTE 1—Maximum Deviation of Any Point–The following tolerances are plus and minus: if tolerances all plus or all minus are desired double the
values given.

Wall Thickness, in. (mm)

Outside Diameter, in. (mm)

5/8 to 1
(15.9 to 25.4)

Over 1 to 2
(25.4 to 50.8)

Over 2 to 4
(50.8 to 102)

Over 4
(102)

Over 0.125 (3.2) to 0.250 (6.5) incl 60.014 (0.36) 60.017 (0.43) 60.020 (0.51) 60.030 (0.76)
Over 0.250 (6.5) to 0.500 (12.7) incl 60.017 (0.43) 60.023 (0.58) 60.032 (0.81) 60.053 (1.35)

Over 0.500 (12.7) to 1.000 (25.4) incl … 60.030 (0.76) 60.053 (1.35) 60.083 (2.11)
Over 1.000 (25.4) … … 60.068 (1.73) 60.098 (2.49)

A When tube is ordered by outside and inside diameters, the maximum plus and minus deviation of the wall thickness from the nominal at any point shall not exceed
the values given in this table more than 50 %.

B 937 – 04

3



13.6 Straightness-Refer to Table 7 of Specification B 251.

14. Workmanship, Finish and Appearance

14.1 The product shall be free of defects, but blemishes of
a nature that do not interfere with the intended application are
acceptable.

15. Sampling

15.1 Refer to sampling section in Specification B 251.
15.2 Sampling—Sample pieces shall be taken from a heat

and lot of material processed simultaneously in the same
equipment, as follows:

15.2.1 Heat—A heat shall be the result of castings poured
simultaneously from the same source of molten metal

15.2.2 Lot—The lot shall be a heat, or fraction thereof.

16. Specimen Preparation

16.1 Chemical Analysis—Sample preparation shall be in
accordance with Practice E 255.

16.1.1 Analytical specimen preparation shall be the respon-
sibility of the reporting laboratory.

16.2 Tension Tests—Sample preparation shall be in accor-
dance with Specification B 251.

16.3 Rockwell Hardness—The test specimens shall be of a
size and shape to permit testing by the available test equipment
and shall permit testing in a plane parallel to the direction of
deformation given to the product.

16.3.1 The surface of the test specimens shall be sufficiently
smooth and even to permit the accurate determination of
hardness.

16.3.2 Each specimen shall be free of scale and foreign
matter and care shall be taken to avoid change in condition,
that is, heating or cold working

17. Test Methods

17.1 Chemical Analyses—The chemical composition shall,
in cases of disagreement, be determined in accordance with the
applicable method in Annex A1 of Specification B 194.

17.2 Tension Tests—Tension tests, when required, shall be
made according to Test Methods E 8.

18. Test Report

18.1 When specified in the contract or purchase order, a
report of test results shall be furnished.

19. Keywords

19.1 beryllium copper tube; UNS No. C17500; UNS No.
C17510

TABLE 5 Wall-Thickness Tolerances—TD04 (H) and TH04 (HT) Tempers A

NOTE 1—Maximum Deviation of Any Point–The following tolerances are plus and minus: if tolerances all plus or all minus are desired double the
values given.

Wall Thickness, in. (mm)

Outside Diameter, in. (mm)

Over ⁄8 to
1 (15.9 to

25.4)
Incl

Over 1 to 2
(25.4 to

50.8)
Incl

Over 2 to 4
(50.8 to 102)

Incl

Over 4 to 7
(102 to 173)

Incl

Over 7 to
12 (173 to 305)

Incl

… …
… …
… …

Over 0.034 (0.864), to 0.057 (1.45) incl 0.0045 (0.11) 0.0045 (0.11) 0.0065 (0.17) 0.009 (0.23) …
Over 0.057 (1.45) to 0.082 (2.08) incl 0.005 (.13) 0.005 (.13) 0.0075 (0.19) 0.010 (.25) 0.013 (0.33)
Over 0.082 (2.08) to 0.119 (3.02) incl 0.0065 (0.17) 0.0065 (0.17) 0.009 (0.23) 0.011 (0.28) 0.014 (0.36)
Over 0.119 (3.02) to 0.164 (4.17) incl 0.007 (0.18) 0.0075 (0.19) 0.010 (0.25) 0.013 (0.33) 0.015 (0.38)
Over 0.164 (4.17) to 0.219 (5.56) incl 0.009 (0.23) 0.010 (0.25) 0.012 (0.30) 0.015 (0.38) 0.018 (0.46)
Over 0.219 (5.56) to 0.283 (7.19) incl 0.012 (0.30) 0.013 (0.33) 0.015 (0.38) 0.018 (0.46) 0.020 (0.51)
Over 0.283 (7.19) to 0.379 (9.62) incl 0.014 (0.36) 0.015 (0.38) 0.018 (0.46) 6%B 6%B

Over 0.379 (9.62) … 6%B 6%B B B

A When tube is ordered by outside and inside diameters, the maximum plus and minus deviation of the wall thickness from the nominal at any point shall not exceed
the values given in this table more than 50 %.

B Percent of the specified wall thickness expressed to the nearest 0.001 in. (0.025 mm).

TABLE 6 Average Diameter Tolerances A

Specified Diameter, in. (mm)

Tolerance, Plus and
Minus, in. (mm)B

Tolerance, Plus and
Minus, in. (mm)B

Cold-Worked
Tube

Hot-Worked
Tube

Over 1⁄2 (12.7) to 3⁄4 (19.1), incl 0.003 (0.08) 0.020 (0.51)
Over 3⁄4 ((19.1) to 1 (25.4), incl 0.006 (0.15) 0.020 (0.51)
Over 1 (25.4) to 2 (50.8), incl 0.008 (0.20) 0.030 (0.76)
Over 2 (50.8) to 3 (76.2), incl 0.010 (0.25) 0.040 (1.02)
Over 3 (76.2) to 4 (102), incl 0.012 (0.30) 0.050 (1.27)
Over 4 (102) to 5 (127), incl 0.016 (0.41) 0.060 (1.52)
Over 5 (127) to 6 (152), incl 0.018 (0.46) 0.060 (1.52)
Over 6 (152) to 8 (203), incl 0.020 (0.51) 0.060 (1.52)

Over 8 (203) to 12 (305), incl 0.030 (0.76) 0.060 (1.52)
A When tube is ordered by outside and inside diameters, the maximum plus and

minus deviation of the wall thickness from the nominal at any point shall not
exceed the values given in this table more than 50 %.

B Tolerance applies to inside or outside diameter.
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the Newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric
equivalents are expressed as megapascal (Mpa), which is the
same as MN/m2 and N/mm2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 7 Length Tolerances—All Tempers A

Length

Tolerances, in. (mm) Applicable Only to Full-Length Pieces

Outside Diameters
Up to 1 in.

(25.4 mm) incl

Outside Diameters
Over 1 in. (25.4 mm)

to 4 in. (102 mm)
Incl

Outside Diameters
Over 4 in. (102 mm)

Specific lengths:
Up to 6 in. (152 mm), incl 1⁄32 (0.79) 1⁄16 (1.6) 1⁄8 (3.2)

Over 6 in. (152 mm) to 2 ft
(610 mm), incl

1⁄16 (1.6) 3⁄32 (2.4) 1⁄4 (6.4)

Over 2 ft (610 mm) to 6 ft
(1.83 m), incl

3⁄32 (2.4) 1⁄8 (3.2) 1⁄4 (6.4)

Over 6 ft (1.83 m) to 14 ft
(4.27 m), incl

1⁄4 (6.4) 1⁄4 (6.4) 1⁄2 (13)

Over 14 ft (4.27 m) 1⁄2 (13) 1⁄2 (13) 1 (25)
Specific lengths with ends 1 (25) 1 (25) 1A (25)

Stock lengths with or without ends 1A (25) A (25)
A As stock lengths are cut and placed in stock in advance of orders, departure from this tolerance is not practicable.
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Designation: B 938 – 04

Standard Specification for
Copper-Beryllium Alloy Forgings and Extrusions (UNS Nos.
C17500 and C17510)1

This standard is issued under the fixed designation B 938; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification establishes the requirements for
copper-cobalt-beryllium alloy (UNS No. C17500) and copper-
nickel-beryllium alloy (UNS No. C17510) forgings and extru-
sions.

1.2 The intent is to provide a system of interchangeable
alloys.

1.3 Units—Values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units, which are provided for
information only and are not considered standard.

1.4 The following safety hazard caveat pertains only to the
test method(s) described in this specification.This standard
does not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 194 Specification for Copper-Beryllium Alloy Plate,
Sheet, Strip, and Rolled Bar

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes, and
Forgings

B 601 Classification for Temper Designations for Copper
and Copper Alloys-Wrought and Cast

B 846 Terminology for Copper and Copper Alloys
E 8 Test Methods for Tension Testing of Metallic Materials
E 18 Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials
E 1004 Practice for Determining Electrical Conductivity

Using the Electromagnetic (Eddy-Current) Method

3. General Requirements

3.1 The following sections of Specification B 249/B 249M
constitute a part of this specification.

3.1.1 Terminology,
3.1.2 Materials and Manufacture,
3.1.3 Sampling,
3.1.4 Number of Tests and Retests,
3.1.5 Sample Preparation,
3.1.6 Test Methods,
3.1.7 Significance of Numerical Limits,
3.1.8 Inspection,
3.1.9 Rejection and Rehearing,
3.1.10 Certification
3.1.11 Mill Test Report,
3.1.12 Packaging, Marking, Shipping, and Preservation.
3.2 An identical section in this specification supplements

the referenced section.

4. Terminology

4.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B 846.

4.2 Definitions of Terms Specific to This Standard:
4.2.1 extrusion, n—a uniform metal shape, long in relation

to its cross-sectional dimensions, produced by forcing a suit-
ably preheated billet or preform through an orifice (die) of the
desired cross section. Extrusions generally are furnished in
straight lengths.

4.2.2 forging, n—a metal part worked to a predetermined
shape by one or more such processes as hammering, upsetting,
pressing, rolling, and so forth.

5. Ordering Information

5.1 Include the following information when placing orders
for product under this specification, as applicable:

5.1.1 ASTM designation and year of issue,
5.1.2 Quantity—total weight or total length or number of

pieces of each size,
5.1.3 Copper Alloy UNS No. (Section 1).
5.1.4 Temper (Section 8) or condition (Section 12),
5.1.5 Drawing showing the shape, dimensions, and toler-

ances, if required,

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved May 1, 2004. Published May 2004.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or

contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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5.1.6 If an extrusion, the length (or mass) required and
straightness as required,

5.2 The following options are available and should be
specified at the time of placing of the order, when required:

5.2.1 Tension tests (Section 11)
5.2.2 Special tests such as electrical conductivity,
5.2.3 Finish (Section 15), and
5.2.4 When product is ordered for agencies of the U.S.

government.

6. Materials and Manufacture

6.1 Materials:
6.1.1 The material of manufacture shall be cast or wrought

billet of Copper Alloy UNS No. C17500 or C17510 of such
purity and soundness as to be suitable for processing in to the
products prescribed herein.

6.1.2 The product heat number shall appear on the certifi-
cation or test report.

6.2 Manufacture:
6.2.1 The product shall be manufactured by hot working

and heat treating as may be necessary to meet the properties
specified herein.

6.2.2 The product shall be hot worked to the finished size,
and subsequently annealed when required, to meet the temper
properties specified.

7. Chemical Composition

7.1 The material shall conform to the chemical composition
requirements in Table 1 for the copper alloy UNS No. specified
in the ordering information.

7.1.1 Results of analysis on a product (check) sample shall
conform to the composition requirements within the permitted
analytical variance specified in Table 1.

7.2 These composition limits do not preclude the presence
of other elements. By agreement between the manufacturer and
purchaser, limits may be established and analysis required for
unnamed elements.

7.3 Copper is listed as “Remainder,” copper is the difference
between the sum of results of all elements determined and
100 %. When all elements in Table 1 are determined, the sum
of results shall be 99.5 % min.

8. Temper

8.1 The standard temper designations available under this
specification and as prescribed in Classification B 601 are
solution heat-treated TB00 (A) and precipitation treated TF00
(AT).

NOTE 1—Although not produced under this specification, non-standard
tempers are available by special order and the properties of such product
are subject to negotiation between the manufacturer and the purchaser.

9. Physical Property Requirements

9.1 Electrical Conductivity—Product furnished to this
specification shall conform to the electrical conductivity re-
quirement given in Table 2 for the applicable temper when
tested in accordance with Practice E 1004.

10. Mechanical Property Requirements

10.1 Hardness:
10.1.1 The product furnished under this specification shall

conform to the hardness requirement prescribed in Table 2 for
the solution heat-treated condition and Table 3 after precipita-
tion heat treatment, unless tensile properties are required by the
purchase order. Rockwell hardness shall be determined in
accordance with Test Methods E 18.

10.1.2 The approximate Rockwell hardness values given in
Table 2 and Table 3 are for general information and assistance
in testing, and shall not be used as a basis for product rejection.

10.2 Tensile:
10.2.1 When specified in the contract or purchase order, the

tensile properties of the product furnished under this specifi-
cation shall conform to the tensile requirements prescribed in
Table 2, when tested in accordance with Test Methods E 8.

10.2.2 Acceptance or rejection based upon mechanical
properties shall depend only on tensile strength.

NOTE 2—The Rockwell hardness test offers a quick and convenient
method of checking for general conformity to the specification require-
ments for temper and tensile strength.

11. Precipitation Heat Treatment

11.1 When material is purchased in the TB00 (A) temper,
the precipitation heat treatment is performed by the purchaser.

11.2 Conformance to the TF00 (AT) specification limits
shown in shown in Table 2, for products supplied in the TB00
(A) temper, shall be determined by testing test specimens
heat-treated at a uniform temperature of 850 to 900°F for the
times shown in Table 3.

11.3 End products may be heat-treated at other times and
temperatures for specific applications. These special combina-
tions of properties such as increased ductility, dimensional
accuracy, and endurance strength may be obtained by special
precipitation-hardening heat treatments. The mechanical re-
quirements of Table 2 do not apply to such special heat
treatment. Specific test requirements as needed shall be agreed
upon between the manufacturer or the supplier and the pur-
chaser of the end product.

11.4 TF00 (AT) temper as standard mill-hardened products
has been precipitation heat-treated and tested by the manufac-
turer. An appropriate time and temperature has been used to
produce properties within the specification limits shown in
Table 2. Table 3 does not apply. Further thermal treatment of
these tempers is not normally required.

11.5 Material may be supplied with nonstandard properties.
Table 2 values would not apply. Specific test requirements as
needed shall be agreed upon between the manufacturer or
supplier and the purchaser of these end products.

TABLE 1 Chemical Composition

Concentration, %

Element
Copper Alloy
UNS No.
C17500

Copper Alloy
UNS No.
C17510

Beryllium 0.4-0.7 0.2-0.6
Cobalt 2.4-2.7 0.3 max
Nickel . . . 1.4-2.2
Iron, max 0.10 0.10
Aluminum, max 0.20 0.20
Silicon, max 0.20 0.20
Copper Remainder Remainder
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12. Purchases for the U.S. Government

12.1 When specified in the contract or purchase order,
product purchased for agencies of the U.S. government shall
conform to the special government regulations specified in the
Supplemental Requirements section of Specification B 249/
B 249M.

13. Dimensions, Mass, and Permissible Variation

13.1 The dimensions and tolerances for product described
by this specification shall be those shown on the drawing that
forms a part of each order, or as agreed upon between the
manufacturer and the purchaser.

14. Workmanship, Finish, and Appearance

14.1 The product shall be free of defects, but blemishes of
a nature that do not interfere with the intended application are
acceptable.

15. Test Methods

15.1 Chemical Analyses:

15.1.1 The chemical composition shall, in cases of disagree-
ment, be determined in accordance with the applicable method
in Annex A1 of Specification B 194.

15.1.2 Test method(s) to be followed for the determination
of element(s) resulting from contractual or purchase order
agreement shall be as agreed upon between the manufacturer or
supplier and purchaser.

16. Test Report

16.1 When specified in the contract or purchase order, the
manufacturer or supplier shall furnish to the purchaser a
manufacturer’s test report showing the results of the required
tests.

17. Keywords

17.1 copper beryllium; extrusions; forgings; UNS No.
C17500; UNS No. C17510

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the Newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N = kg·m/s2). The derived SI unit for pressure or

stress is the newton per square metre (N/m2), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa the metric
equivalents are expressed as megapascal (Mpa), which is the
same as MN/m2 and N/mm2.

TABLE 2 Tensile Strength and Rockwell Hardness Requirements A

Temper Designation As Supplied

Standard Former
Tensile

Strength
ksiB(MPaC)

Rockwell
Hardness,

B Scale

Electrical
Conductivity
IACS min, %

TB00 Solution heat-treated (A) 35-55 (240-380) 50 max 20
After Precipitation Heat Treatment

TF00 Precipitation hardened (AT) 100-130 (690-895)D 92-100 45
A These values apply to mill products. See Section 10 for exceptions in end products.
B ksi = 1000 psi.
C See Appendix.
D The upper limits in the tensile strength column are for design guidance only.

TABLE 3 Precipitation Heat-Treatment Time for Acceptance Tests

Temper Designation Copper Alloy UNS
No. C17500 at

900°F (482°C), h

Copper Alloy UNS
No. C17510 at

850°F (454°C)A to
900°F (482°C)A, hStandard Former

TB00 Solution heat-treated (A) 3 3
A Specific temperature used must conform with supplier’s certification.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: F 68 – 99 (Reapproved 2004)

Standard Specification for
Oxygen-Free Copper in Wrought Forms for Electron
Devices 1

This standard is issued under the fixed designation F 68; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification establishes the requirements for
wrought and fabricated shapes made from Copper UNS2 No.
C10100, conforming to the chemical requirements of Specifi-
cation B 170, Grade 1, and suitable for use in electron devices.

1.2 The requirements of this specification are in addition to
those prescribed in the following product specifications appro-
priate to the material being ordered: B 1, B 2, B 75, B 75M,
B 152/B 152M, B 170, B 187/B 187M, B 272, and B 372. In
case of conflict, however, this specification shall take prece-
dence.

1.3 The inch-pound units are the standard for this specifi-
cation except for grain sizes which are in metric units. Metric
values given in parentheses are for information only.

1.4 The following safety hazard caveat applies to sections
17.4, 17.5 and 18.7 of this specification:This standard does not
purport to address all of the safety concerns, if any, associated
with its use. It is the responsibility of the user of this standard
to establish appropriate safety and health practices and
determine the applicability of regulatory limitations prior to
use.

2. Referenced Documents

2.1 The following documents in the current issue of the
Book of Standards form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:3

B 1 Specification for Hard-Drawn Copper Wire
B 2 Specification for Medium-Hard-Drawn Copper Wire
B 3 Specification for Soft or Annealed Copper Wire
B 75 Specification for Seamless Copper Tube

B 75M Specification for Seamless Copper Tube (Metric)
B 152/B 152M Specification for Copper Sheet, Strip, Plate

and Rolled Bar
B 170 Specification for Oxygen-Free Electrolytic Copper—

Refinery Shapes
B 187/B 187M Specification for Copper Bar, Bus Bar, Rod

and Shapes
B 188 Specification for Seamless Copper Bus Pipe and

Tube
B 193 Test Method for Resistivity of Electrical Conductor

Materials
B 248 Specification for General Requirements for Wrought

Copper and Copper-Alloy Plate, Sheet, Strip and Rolled
Bar

B 248M Specification for General Requirements for
Wrought Copper and Copper-Alloy Plate, Sheet, Strip and
Rolled Bar [Metric]

B 249/B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes, and
Forgings

B 250/B 250M Specification for General Requirements for
Wrought Copper-Alloy Wire

B 272 Specification for Copper Flat Products with Finished
(Rolled or Drawn) Edges (Flat Wire and Strip)

B 372 Specification for Seamless Copper and Copper-Alloy
Rectangular Waveguide Tube

B 577 Test Methods for Detection of Cuprous Oxide Hy-
drogen Embrittlement Susceptibility in Copper

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E 112 Test Methods for Determining Average Grain Sizes
E 527 Practice for Numbering Metals and Alloys (UNS)
2.3 ASTM Adjunct:
Comparison Chart4

3. Terminology

3.1 For definitions of terms related to this product, refer to
the terminology sections of Specifications B 248, B 249/
B 249M, B 250/B 250M, or B 251.

3.2 Definition of Terms Specific to This Standard:

1 This specification is under the jurisdiction of ASTM Committee B05 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.02 on Rod,
Bar, Wire, Shapes, and Forgings.

Current edition approved May 1, 2004. Published June 2004. Originally
approved in 1966. Last previous edition approved in 1999 as F 68 – 99.

2 The UNS System for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00”. The suffix can be used to accommodate
composition variations of the base alloy.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Available from ASTM International Headquarters. Order Adjunct No.
ADJF0068.

1

*A Summary of Changes section appears at the end of this standard.
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3.2.1 extrusion pipe, n—a lamination resulting from the
flow of the oxide surface of a billet into the article being
extruded and usually confined to the trailing-end portion of the
extruded product.

3.2.2 oxygen-free, adj—electrolytic copper produced sub-
stantially free of cuprous oxide and containing no more than 10
ppm oxygen, as determined by metallographic examination at
753 under polarized light, and manufactured without the use
of metallic or metalloidal deoxidizers.

3.2.3 oxygen-free, grade 1, adj—as defined in 3.2.2 except
that the oxygen content must be 5 ppm maximum. This copper
is also commonly termed “oxygen-free electronic.”

3.2.4 rms, n—root-mean-square, a statistical measure of
surface roughness usually determined by means of a profilo-
meter.

4. Ordering Information

4.1 Orders for the product shall include the following
information:

4.1.1 The designation and year of issue of both Specifica-
tion F 68 and the basic product specification involved,

4.1.2 Shape of product,
4.1.3 Size,
4.1.4 Total estimated weight or number of pieces, or both,

for each size and shape,
4.1.5 The Specification F 68 Class of material,
4.1.6 Intended application (for example, wave guide),
4.1.7 Temper,
4.1.8 Heat identification or traceability details,
4.1.9 Certification,
4.2 The following options are available:
4.2.1 Mill test report,
4.2.2 Special packaging,
4.2.3 Special marking.

5. Materials and Manufacture

5.1 Material:
5.1.1 The material shall be oxygen-free electronic copper

which conforms to the requirements of Specification B 170,
Grade 1.

5.2 Manufacture:
5.2.1 The manufacturing process shall conform to the re-

quirements of this specification and to the basic product
specification to which the product was ordered.

6. Chemical Composition

6.1 The cast refinery shape shall conform to the require-
ments specified in Specification B 170, Grade 1, Table 1.

6.1.1 Copper shall be taken as the difference between the
sum of results for Grade 1 specified elements and 100 %.

6.2 These composition limits do not preclude the possible
presence of other unnamed elements. Limits may be estab-
lished and analysis required for unnamed elements by agree-
ment between the manufacturer and the purchaser.

7. Temper

7.1 The temper of the wrought or fabricated product sup-
plied shall conform to the requirements of the basic product
specification to which it was ordered.

8. Physical Properties

8.1 Electrical Resistivity:
8.1.1 The maximum mass resistivity shall be 0.15176 ohms

g/m2 (conductivity 101.0 % minimum, International Annealed
Copper Standard {IACS} at 20°C when tested in the annealed
condition.

8.2 Scaling:
8.2.1 The test specimens of oxygen-free copper shall show

substantial surface oxide adherence when subjected to test as
described in 15.3.

NOTE 1—The purpose of this test is to distinguish between oxygen free
and deoxidized copper. Deoxidized copper will not retain the surface
oxide in this test.

9. Mechanical Properties

9.1 All products shall conform to the mechanical property
requirements of the basic product specification to which the
item was ordered, with the following exception:

9.1.1 Sheet and strip with a thickness of 0.125 in. or less and
intended for gaskets or for deep drawing shall conform to the
requirements prescribed in Table 1.

10. Hydrogen Embrittlement (Reverse Bend Test
Method)

10.1 Specimens shall withstand a minimum of ten reverse
bends without breaking. Evidence of blisters, upon visual
examination, shall be cause for rejection.

NOTE 2—Fractured areas of the bent samples should show some
reduction in area and have a distorted, smeared surface. The ideal break
will have the appearance of a cup and cone tensile failure.

11. General Examination

11.1 When examined the samples shall have:
11.1.1 A relatively uniform surface free of irregular rough

spots sometimes termed open grains,
11.1.2 Edges free of seams, laps and cracks,
11.1.3 Cross sections free of breaks, inclusions or extrusion

pipe.

12. Special Examinations

12.1 Special Macro Examination:
12.1.1 The samples shall show no subsurface defects in

excess of the following limits:
12.1.1.1Tubular Products:
(a) Tubes for Exhaust (Pinch-off) Purposes:
(a.1) For wall thickness over 0.1 in. (2.5 mm), no defects on

the external surface deeper than 0.005 in. (0.13 mm).
(a.2) For wall thicknesses up to 0.1 (2.5 mm) inclusive, no

defects on the external surface deeper than 5 % of the wall
thickness.

TABLE 1 Grain Size

Thickness
Average Grain

Size,
max, mm

Hardness
HRFA max

Less than 0.040 in. (1.0 mm) 0.035 75
0.040 to 0.125 in. (1.0 to 3.2 mm) 0.050 75

A For information only.
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(a.3) No significant defects on the inside surface when
examined with fiber optics or a boroscope.

(b) Waveguides—No defects on the external surface deeper
than 0.005 in. (0.13 mm) or 5 % of the wall thickness,
whichever is smaller. No significant defects on the inside
surface when examined with fiber optics or a boroscope.

(c) Tube for Other Applications—No defects on either the
internal or external surfaces deeper than 0.020 in. (0.51 mm) or
5 % of the wall thickness, whichever is the smaller.

12.1.1.2Bar and Plate Products—No defects deeper than
0.06 in. (1.6 mm) or 5 % of the thickness, whichever is the
smaller.

12.1.1.3Sheet, Strip and Flat Wire Products—No defects
deeper than 0.005 in. (0.13 mm) or 5 % of the thickness,
whichever is smaller.

12.1.1.4Rod and Wire Products:
(a) Rod and Wire less than 0.19 in. (4.8 mm) in Diameter:
(a.1) No defects deeper than 0.005 in. (0.13 mm) or 5 % of

the diameter, whichever is smaller.
(b) Rod and Wire 0.19 in. (4.8 mm) and Over in Diameter:
(b.1) No defects deeper than 0.06 in. (1.6 mm) or 5 % of the

diameter, whichever is smaller.
12.2 Special Microscopical Examination:
12.2.1 Samples shall be classified by comparison to Plate 1,

which is available from ASTM International Headquarters as
an adjunct (see 2.3).

12.2.1.1 Product whose samples have an appearance in
conforming to either Class 1 or Class 2 shall be considered
acceptable.

12.2.1.2 Subsurface microporosity similar to those typical
of Class 3, 4 or 5 as illustrated in Plate 1, are permissible in
Class 1 and 2 material provided the microporosity does not
appear below the metal surface at depths exceeding the
following:

(a) Tubular Products:
(a.1) Tubes for Exhaust Purposes and Waveguides—No

indications at any depth below the surface.
(a.2) Tubes for Other Applications—Microporosity permis-

sible to depths of 0.020 in. (0.51 mm) or 5 % of the tube wall,
whichever is smaller.

(b) Bar and Plate—Microporosity permissible to depths of
0.06 in. (1.5 mm) or 5 % of the thickness, whichever is smaller.

(c) Sheet, Strip and Flat Wire—Microporosity permissible
to depths of 0.010 in. (0.25 mm) or 5 % of the thickness,
whichever is smaller.

(d) Rod and Wire Products:
(d.1) Rod and Wire less than 0.19 in. (4.8 mm) in

Diameter—Microporosity permissible to depths of 0.010 in.
(0.25 mm) or 5 % of the diameter or thickness, whichever is
smaller.

(d.2) Rod and Wire 0.19 in. (4.8 mm) and Over in
Diameter—Microporosity permissible to depths of 0.06 in.
(1.5 mm) or 5 % of the diameter or thickness, whichever is the
smaller.

12.2.1.3 Product whose samples have an appearance corre-
sponding to Class 3, 4 or 5 and not in conformance with
12.2.1.2, shall be acceptable only by agreement between the
manufacturer or supplier and the purchaser.

13. Dimensions, Mass and Permissible Variations

13.1 The dimensional tolerances for the product described
by this specification shall be as prescribed in the basic product
specification to which it was ordered.

14. Workmanship, Finish and Appearance

14.1 The product shall be prepared and handled in such a
manner as to be substantially free from surface oxide and the
presence of foreign material such as metal chips, dirt and
grease.

15. Sampling

15.1 The sampling practice shall be as prescribed in the
basic product specification to which it was ordered.

15.1.1 The number of sample pieces to be selected, how-
ever, shall be twice the number prescribed in the basic product
specification.

16. Number of Tests and Retests

16.1 Tests:
16.1.1 The number of samples submitted to all tests shall be

twice that required by the basic product specification to which
the product was ordered.

16.2 Retests:
16.2.1 Retests are permitted as stated in the basic product

specification to which the product was ordered for tests
associated with the basic product specification.

16.2.2 Retests shall be permitted for tests and examinations
required by this specification.

16.2.3 Products which fail in retest shall be rejected.

17. Specimen Preparation

17.1 Chemical Composition:
17.1.1 Analytical sample preparation shall be as directed in

the basic product specification to which the product was
ordered.

17.2 Electrical Resistivity:
17.2.1 Specimen preparation shall be as directed in the basic

product specification to which the product was ordered.
17.3 Grain Size:
17.3.1 Specimen preparation shall be as directed in the basic

product specification to which the product was ordered.
17.4 General and Special Macro Examination:
17.4.1 Transverse sections of the samples shall be machined

to a 63 rms or smoother surface finish and degreased.
17.4.1.1 In a properly ventilated fume hood, etch the

samples for 3 to 5 min by lowering the samples into a freshly
prepared etching solution and slowly agitate.

17.4.1.2 Prepare the etching solution by mixing equal parts
of concentrated reagent grade nitric acid (HNO3) and deionized
or distilled water. Add 5 grams of copper for each liter of the
50 % acid solution and cool the solution to ambient tempera-
ture prior to use. The solution shall be kept free of dirt and
maintained at 756 5°F (246 3°C) during use.
(Warning—Do not pour the water into the acid.)

17.4.1.3 Remove the samples periodically from the etching
solution and visually examine to determine whether sufficiently
etched. Should the samples tend to stain, add 25 mL of
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concentrated reagent grade hydrochloric acid (HCl) to each
liter of etching solution.

17.4.1.4 After etching, rinse the samples thoroughly with
deionized or distilled water and blow dry with air for exami-
nation.

17.5 Special Microscopical Examination:
17.5.1 Cut and degrease longitudinal samples taken from

the finished product.
17.5.2 Heat the samples to 18706 40°F (10206 20°C) and

hold at temperature for 30 min in an atmosphere comprising
not less than 10 % hydrogen. Rapidly cool to ambient tempera-
ture by quenching in water without undue exposure to air.

17.5.3 Polish and etch for examination using the etching
solution described in Table 2. CAUTION: With constant gentle
stirring or swirling of the water, slowly add the acid. Do not
pour the water into the acid.

17.6 Hydrogen Embrittlement(Reverse Bend Test Method):
17.6.1 Sample preparation shall be in accordance with Test

Specimens Section of Test Methods B 577.
17.6.2 Tubular Products:
17.6.2.1 For tube with an outside diameter of 0.12 in. (3

mm) or less, the samples shall be flattened by pressing or
rolling.

17.6.2.2 For tube with an outside diameter greater than 0.12
in. (3 mm) but less than 1 in. (25.4 mm) the samples shall be
cut longitudinally from the tube and flattened, when necessary
by either pressing or rolling.

17.6.2.3 For tube with an outside diameter of 1 in. (25.4
mm) and greater, samples may be cut either parallel or
transverse to the axis of the tube and then flattened.

17.6.2.4 Should the thickness of any flattened sample be
greater than 0.081 in. (2.06 mm), it shall be machined to a
thickness of 0.0816 0.001 in. (2.066 0.025 mm) and at least
one of the original surfaces of the finished tube shall be
retained on one of the samples.

17.6.2.5 Samples shall be heated to 15606 40°F
(8506 20°C) and held at that temperature for a period of 30
min in an atmosphere containing not less than 10 % hydrogen
and then rapidly cooled by quenching in ambient temperature
water.

17.6.3 Bar and Plate Products:
17.6.3.1 Samples shall be machined to a thickness of

0.0816 0.001 in. (2.066 0.025 mm) and at least one of the
original surfaces of the finished product shall be retained on
one of the samples.

17.6.3.2 Samples shall be heated to 15606 40°F
(8506 20°C) and held at that temperature for a period of 30
min in an atmosphere containing not less than 10 % hydrogen
and then rapidly cooled by quenching in ambient temperature
water.

17.6.4 Sheet, Strip and Flat Wire Products:
17.6.4.1 For products with a thickness of 0.081 in. (2.06

mm) or less, the samples shall be prepared without machining.

17.6.4.2 For products with a thickness greater than 0.081 in.
(2.06 mm), the samples shall be machined to a thickness of
0.0816 0.001 in. (2.066 0.025 mm) and at least one of the
original surfaces of the finished product shall be retained on
one of the samples.

17.6.4.3 Samples shall be heated to 15606 40°F
(8506 20°C) and held at that temperature for a period of 30
min in an atmosphere containing not less than 10 % hydrogen
and then rapidly cooled by quenching in ambient temperature
water.

17.6.5 Rod and Wire Products:
17.6.5.1 For products with a diameter or thickness of 0.081

in. (2.06 mm) and under the sample shall be prepared without
machining.

17.6.5.2 For products with a diameter or thickness greater
than 0.081 in. (2.06 mm) the samples shall be machined to a
thickness of 0.0816 0.001 in. (2.066 0.025 mm) and at least
one of the original surfaces of the finished product shall be
retained on one of the samples.

17.6.5.3 Samples shall be heated to 15606 40°F
(8506 20°C) and held at that temperature for a period of 30
min in an atmosphere containing not less than 10 % hydrogen
and then rapidly cooled by quenching in ambient temperature
water.

18. Test Methods

18.1 Chemical Composition:
18.1.1 The test methods used for the determination of

composition shall be as specified in the basic product specifi-
cation to which the material was ordered.

18.1.2 The test method(s) used for the determination of
elements required by contractual or purchase order agreement
shall be as agreed upon between the manufacturer or supplier
and the purchaser.

18.2 Grain Size:
18.2.1 Grain size shall be determined in accordance with

Test Methods E 112. In case of dispute, the intercept method
shall be used.

18.3 Electrical Resistivity:
18.3.1 Electrical resistivity shall be determined in accor-

dance with Test Methods B 193. Measurement uncertainty
shall not exceed60.15 %.

18.4 General Examination and Special Macro Examina-
tion:

18.4.1 Examination shall be visually with the unaided eye
or at 103 magnification.

18.5 Special Microscopical Examination:
18.5.1 Examination shall be made at 1003 magnification

and classified by comparison to Plate 1.
18.6 Hydrogen Embrittlement Susceptibility(Reverse Bend

Test Method):
18.6.1 Hydrogen embrittlement shall be determined in ac-

cordance with Test Method D of Test Methods B 577.
18.7 Scaling Test:
18.7.1 The samples shall be heated in air in a clean muffle

furnace for 30 min at 15606 40°F (8506 20°C) and imme-
diately quenched in clean, ambient temperature water.

TABLE 2 Etching Solution

Sodium Dichromate 16 grams
Sodium Chloride 12 grams
Sulfuric Acid (Conc.) 64 mL
Water (deionized or distilled) 100 mL
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19. Significance of Numerical Limits

19.1 For the purpose of determining compliance with speci-
fied limits an observed value or calculated value shall be
rounded as indicated in accordance with the rounding method
of Practice E 29.

Property Rounded Unit for Observed or
Calculated Value

Chemical composition Nearest unit in the last right-hand
significant digit used in expressing
the limiting value

Electrical resist.
Grain size

Up to 0.055 mm, incl. nearest multiple 0.005 mm
Over 0.055 to 160 mm nearest 0.01 mm

20. Inspection

20.1 The manufacturer shall inspect and make tests neces-
sary to verify that the product furnished conforms to the
requirements prescribed in the basic product specification to
which the product was ordered and the requirements of this
specification.

20.2 Source inspection of the product by the purchaser may
be agreed upon between the manufacturer or supplier and the
purchaser as part of the contract or purchase order.

20.2.1 The nature of the facilities needed to satisfy the
inspector representing the purchaser that the product being
furnished is in accordance with the product specification shall
be included in the agreement.

20.2.2 All tests and inspection shall be conducted so as not
to interfere unnecessarily with the operations of the works.

20.3 The manufacturer or supplier may accomplish the final
inspection simultaneously by mutual agreement.

21. Rejection and Rehearing

21.1 Rejection:
21.1.1 Product which fails to conform to the requirements

of this specification when inspected or tested by the purchaser,
or the purchaser’s agent, may be rejected.

21.1.2 Rejection shall be reported to the manufacturer or
supplier, promptly, and in writing.

21.1.3 In case of dissatisfaction with results of the test upon
which rejection is based, the manufacturer, or supplier, may
make claim for a rehearing.

21.2 Rehearing:
21.2.1 As a result of product rejection, the manufacturer, or

supplier, may make claim for a retest to be conducted by the
manufacturer, or supplier, and the purchaser. Samples of the
rejected product shall be taken in accordance with this speci-
fication and subjected to test by both parties using the test
method(s) specified herein or, alternatively, upon agreement by
both parties, an independent laboratory may be selected for the
test(s) using the test methods specified in this product specifi-
cation.

22. Certification
22.1 When specified in the contract or purchase order, the

purchaser shall be furnished certification that samples repre-
senting each lot have been tested or inspected as directed in this
specification and the requirements have been met.

23. Mill Test Report
23.1 When specified in the contract or purchase order, a

report of the test results shall be furnished.

24. Packaging and Package Marking
24.1 Packaging:
24.1.1 The product shall be separated by shape, size and

temper and prepared for shipment in such a manner as to afford
protection from the normal hazards of transportation.

24.1.2 Special packing or packaging required shall be by
agreement between the manufacturer or supplier and the
purchaser at the time of the contract or purchase order.

24.2 Package Marking:
24.2.1 Each shipping unit shall be legibly marked with the

purchase order number, metal designation, temper, size, shape,
gross and net weight, and the name of the supplier. The
specification numbers shall also be shown when so specified in
the contract or purchase order.

25. Keywords
25.1 oxygen-free copper; oxygen-free copper for electron

devices; wrought copper forms for electron devices; wrought
oxygen-free copper for electron devices
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SUMMARY OF CHANGES

Committee B05 has identified the location of selected changes to this standard since the last issue (F 68 – 93)
that may impact the use of this standard.

(1) A five-year review was conducted with minor technical
changes.

(2) Several editorial revisions were made to clarify wording or
comply with the Committee B05 Outline of Form.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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