
Designation: A 109/A 109M – 03

Standard Specification for
Steel, Strip, Carbon (0.25 Maximum Percent), Cold-Rolled 1

This standard is issued under the fixed designation A 109/A 109M; 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 cold-rolled carbon steel strip in
cut lengths or coils, furnished to closer tolerances than cold-
rolled carbon steel sheet, with specific temper, with specific
edge or specific finish, and in sizes as follows:

Width, in. Thickness, in.

Over 1⁄2 to 2315⁄16 0.300 and under
Over 12.5 to 600 mm 7.6 mm and under

1.2 Cold-rolled strip is produced with a maximum specified
carbon not exceeding 0.25 percent.

1.3 Strip tolerance products may be available in widths
wider than 2315⁄16 in. [600 mm] by agreement between pur-
chaser and supplier. However, such products are technically
classified as cold rolled sheet. This specification does not
include cold-rolled carbon spring steel, Specification A 682/
A 682M. The tolerances, finishes, tempers, edges, and avail-
able widths and thicknesses differentiate cold rolled strip from
the product known as cold rolled sheet which is defined by
Specification A 568/A 568M and Specification A 682/A 682M.

1.4 For the purpose of determining conformance with this
specification, values shall be rounded to the nearest unit in the
right hand place of figures used in expressing the limiting
values in accordance with the rounding method of Practice
E 29.

1.5 The SI portions of the tables contained herein list
permissible variations in dimensions and mass (see Note 1) in
SI (metric) units. The values listed are not exact conversions of
the values listed in the inch-pound tables, but instead are
rounded or rationalized values. Conformance to SI tolerances
is mandatory when the “M” specification is used.

NOTE 1—The term weight is used when inch-pound units are the
standard. However, under SI the preferred term ismass.

1.6 The values stated in either inch-pound units or SI units
are to be regarded 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 must be used inde-

pendently of the other. Combining values from the two systems
will result in nonconformance with the specification.

1.7 This specification is expressed in both inch-pound units
and SI units. However, unless the order specifies the applicable
“M” specification designation (SI units), the material shall be
furnished to inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 568/A 568M Specification for Steel, Sheet, Carbon, and
High-Strength, Low-Alloy, Hot-Rolled and Cold-Rolled,
General Requirements for2

A 682/A 682M Specification for Steel, Strip, High-Carbon,
Cold-Rolled, General Requirements for2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

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 430 Test Methods for Measurement of Gloss of High-
Gloss Surfaces by Goniophotometry6

2.2 Military Standards:
MIL-STD-129 Marking for Shipment and Storage7

MIL-STD-163 Steel Mill Products, Preparation for Ship-
ment and Storage7

2.3 Federal Standard:
123 Marking for Shipments (Civil Agencies)7

183 Continuous Identification Marking of Iron and Steel
Products7

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved Sept. 10, 2003. Published Sept. 2003. Originally
approved in 1926. Last previous edition approved in 2000 as A 109/A 109M – 00e1.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
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 06.01.
7 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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3.1.1 annealing—the process of heating to and holding at a
suitable temperature and then cooling at a suitable rate, for
such purposes as reducing hardness, facilitating cold working,
producing a desired microstructure, or obtaining desired me-
chanical, physical, or other properties.

3.1.1.1 box annealing—involves annealing in a sealed con-
tainer under conditions that minimize oxidation. The strip is
usually heated slowly to a temperature below the transforma-
tion range, but sometimes above or within it, and is then cooled
slowly.

3.1.1.2 continuous annealing—involves heating the strip in
continuous strands through a furnace having a controlled
atmosphere followed by a controlled cooling.

3.1.2 carbon steel—the designation for steel when no mini-
mum content is specified or required for aluminum, chromium,
cobalt, columbium, molybdenum, nickel, titanium, tungsten,
vanadium, zirconium or any other element added to obtain a
desired alloying effect; when the specified minimum for copper
does not exceed 0.40 % or when the maximum content
specified for any of the following elements does not exceed the
percentage noted: manganese 1.65, silicon 0.60, or copper
0.60.

3.1.2.1 Discussion—In all carbon steels small quantities of
certain residual elements unavoidably retained from raw ma-
terials are sometimes found which are not specified or required,
such as copper, nickel, molybdenum, chromium, etc. These
elements are considered as incidental and are not normally
reported.

3.1.3 cold reduction—the process of reducing the thickness
of the strip at room temperature. The amount of reduction is
greater than that used in skin-rolling (see 3.1.7).

3.1.4 dead soft—the temper of strip produced without
definite control of stretcher straining or fluting. It is intended
for deep drawing applications where such surface disturbances
are not objectionable.

3.1.5 finish—the degree of smoothness or luster of the strip.
The production of specific finishes requires special preparation
and control of the roll surfaces employed.

3.1.6 normalizing—heating to a suitable temperature above
the transformation range and then cooling in air to a tempera-
ture substantially below the transformation range. In bright
normalizing the furnace atmosphere is controlled to prevent
oxidizing of the strip surface.

3.1.7 skin-rolled—a term denoting a relatively light cold
rolling operation following annealing. It serves to reduce the
tendency of the steel to flute or stretcher strain during fabrica-
tion. It is also used to impart surface finish, or affect hardness
or other mechanical properties, or to improve flatness.

3.1.8 temper— a designation by number to indicate the
hardness as a minimum, as a maximum, or as a range. The
tempers are obtained by the selection and control of chemical
composition, by amounts of cold reduction, by thermal treat-
ment, and by skin-rolling.

4. Ordering Information

4.1 Orders for material to this specification shall include the
following information, as necessary, to describe adequately the
desired product:

4.1.1 Quantity,

4.1.2 Name of material (cold-rolled carbon steel strip),
4.1.3 Condition (oiled or not oiled),
4.1.4 Temper (Section 7),
4.1.5 Edge (Section 8),
4.1.6 Dimensions (Section 9),
4.1.7 Workmanship, Finish, and Appearance (Section 10),
4.1.8 Coil size requirements (15.3),
4.1.9 ASTM designation and year of issue,
4.1.10 Copper-bearing steel, if required,
4.1.11 Application (part identification or description),
4.1.12 Cast or heat analysis (request, if required), and
4.1.13 Special requirements, if required.

NOTE 2—A typical ordering description is as follows: 20 000 lb
Cold-Rolled Strip, Oiled, Temper 4, Edge 3, Finish 3, 0.035 by 9 in. by
coil, 5000 lb max, 16-in. ID ASTM A 109-XX, for Toaster Shells.

5. Materials and Manufacture

5.1 The steel shall be made by the open-hearth, basic-
oxygen, or electric-furnace process.

5.2 Cold-rolled carbon steel strip is normally manufactured
from continuously cast steel with aluminum used as the
deoxidizer. However, some applications are specified as silicon
killed. Ingot cast rimmed, capped and semi-killed steels are
subject to limited availability.

5.3 Cold-rolled carbon steel strip is manufactured from
hot-rolled descaled coils by cold reducing to the desired
thickness on a single stand mill or on a tandem mill consisting
of several single stands in series. Sometimes an anneal is used
at some intermediate thickness to facilitate further cold reduc-
tion or to obtain desired temper and mechanical properties in
the finished strip. An anneal and skin pass is typically used as
the final step for Temper 4 and 5.

6. Chemical Composition

6.1 Heat Analysis— An analysis for each heat of steel shall
be made by the manufacturer to determine the percentage of
elements shown in Table 1. This analysis shall conform to the
requirements shown in Table 1. When requested, heat analysis
shall be reported to purchaser or his representative.

6.2 Product, Check, or Verification Analysismay be made
by the purchaser on the finished material.

6.2.1 Capped or rimmed steels are not technologically
suited to product analysis due to the nonuniform character of
their chemical composition and therefore, the tolerances in
Table 2 do not apply. Product analysis is appropriate on these
types of steel only when misapplication is apparent or for
copper when copper steel is specified.

6.2.2 For steels other than rimmed or capped, when product
analysis is made by the purchaser, the chemical analysis shall
not vary from the limits specified by more than the amounts in
Table 2. The several determinations of any element shall not
vary both above and below the specified range.

6.3 For referee purposes, if required, Test Methods, Prac-
tices, and Terminology A 751 shall be used.

6.4 For applications where cold-rolled strip is to be welded,
care must be exercised in selection of chemical composition, as
well as mechanical properties, for compatibility with the
welding process and its effect on altering the properties.
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7. Temper and Bend Test Requirement

7.1 Cold-rolled carbon strip specified to temper numbers
shall conform to the Rockwell hardness requirements shown in
Table 3.

7.1.1 When a temper number is not specified, rockwell
hardness requirements are established by agreement.

7.2 It is recommended that hardness values be specified in
the same scale as that which will be used in testing the strip.

7.3 Bend tests shall be conducted at room temperature and
test specimens shall be capable of being bent to the require-
ments shown in Table 4.

7.4 All mechanical tests are to be conducted in accordance
with Test Methods and Definitions A 370.

8. Edge

8.1 The desired edge number shall be specified as follows:
8.1.1 Number 1 Edgeis a prepared edge of a specified

contour (round or square), which is produced when a very

accurate width is required or when an edge condition suitable
for electroplating is required, or both.

8.1.2 Number 2 Edgeis a natural mill edge carried through
the cold rolling from the hot-rolled strip without additional
processing of the edge.

8.1.3 Number 3 Edgeis an approximately square edge,
produced by slitting, on which the burr is not eliminated.
Normal coiling or piling does not necessarily provide a definite
positioning of the slitting burr.

8.1.4 Number 4 Edgeis a rounded edge produced by edge
rolling either the natural edge of hot-rolled strip or slit-edge
strip. This edge is produced when the width tolerance and edge
condition are not as exacting as for No. 1 edge.

TABLE 1 Heat Analysis A

Composition– Wt %

Element
Temper No.

1, 2, 3
Temper No.

4, 5

Carbon, max 0.25 0.15
Manganese, max 0.90 0.60
Phosphorous, max 0.025 0.025
Sulfur, max 0.025 0.025
SiliconA . . . . . .
AluminumA,B . . . . . .
Copper, when copper steel is

specified, min
0.20 0.20

Copper, maxC 0.20 0.20
Nickel, maxC 0.20 0.20
Chromium, maxC,D 0.15 0.15
Molybdenum, maxC 0.06 0.06
VanadiumE . . . . . .
ColumbiumE . . . . . .
TitaniumE . . . . . .

A Where an ellipsis (. . .) appears in this table, there is no requirement, but the
analysis shall be reported unless otherwise specified in this specification.

B The analysis shall be reported. When killed steel is specified and aluminum is
the deoxidizing element, the minimum is 0.02, and the analysis shall be reported.

C The sum of copper, nickel, chromium, and molybdenum shall not exceed
0.50 % on heat analysis. When one or more of these elements is specified, the
sum does not apply; in which case, only the individual limits on the remaining
elements will apply.

D Chromium is permitted, at the producer’s option, to 0.25 % maximum when the
carbon is less than or equal to 0.05 %. In such case, the limit on the sum of the four
elements in Footnote C does not apply.

E Reporting shall be required when the level for any of these elements exceeds
0.008 wt%.

TABLE 2 Tolerances for Product Analysis

Element
Limit or Maximum
of Specified Ele-

ment %

Tolerance

Under
Minimum

Limit

Over
Maxi-
mum
Limit

Carbon to 0.15, incl
over 0.15 to 0.25, incl

0.02
0.03

0.03
0.04

Manganese to 0.60, incl 0.03 0.03
Phosphorus ... 0.01
Sulfur ... 0.01
Copper 0.02 ...

TABLE 3 Hardness Requirements

INCH-POUND UNITS

Temper

Thickness, in. Rockwell Hardness

Under Through Minimum
Maximum
(approx.)

No. 1 (hard) 0.025 . . . 15T90 . . .
0.040 0.025 30T76 . . .
0.070 0.040 B90.0 . . .
0.300 0.070 B84.0 . ..

No. 2A (half-hard) 0.025 . . . 15T83.5 15T88.5
0.040 0.025 30T63.5 30T73.5
0.300 0.040 B70.0 B85

No. 3A (quarter-hard) 0.025 . . . 15T80 15T85
0.040 0.025 30T56.5 30T67
0.300 0.040 B60 B75

No. 4A,B (skin-rolled) 0.025 . . . . . . 15T82
0.040 0.025 . . . 30T60
0.300 0.040 . . . B65

No. 5A,B (dead-soft) 0.025 . . . . . . . 15T78.5
0.040 0.025 . . . 30T53
0.300 0.040 . . . B55

SI UNITS

Thickness, mm Rockwell Hardness

Temper
Under Through Minimum

Maximun
(approx.)

No. 1 (hard) 0.6 . . . 15T90 . . .
1.0 0.6 30T76 . . .
1.8 1.0 B90.0 . . .
7.6 1.8 B84.0 . . .

No. 2A (half-hard) 0.6 . . . 15T83.5 15T88.5
1.0 0.6 30T63.5 30T73.5
7.6 1.0 B70.0 B85

No. 3A (quarter-hard) 0.6 . . . 15T80 15T85
1.0 0.6 30T56 30T67
7.6 1.0 B60 B75

No. 4A,B (skin-rolled) 0.6 . . . . . . 15T82
1.0 0.6 . . . 30T60
7.6 1.0 . . . B65

No. 5A,B (dead-soft) 0.6 . . . . . . 15T78.5
1.0 0.6 . . . 30T53
7.6 1.0 . . . B55

A Rockwell hardness values apply at time of shipment. Aging may cause slightly
higher values when tested at a later date.

B Where No. 4 and 5 tempers are ordered with a carbon range of 0.15 to 0.25 %,
the maximum hardness requirement is established by agreement.
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8.1.5 Number 5 Edgeis an approximately square edge
produced from slit-edge material on which the burr is elimi-
nated usually by rolling or filing.

8.1.6 Number 6 Edgeis a square edge produced by edge
rolling the natural edge of hot-rolled strip or slit-edge strip.
This edge is produced when the width tolerance and edge
condition are not as exacting as for No. 1 edge.

8.1.7 Skived Edgesare custom shaped edges produced by
mechanical edge shaving with special tooling.

9. Dimensional Tolerances

9.1 The dimensional tolerances shall be in accordance with
Tables 5-11 as follows:

Tolerances for Table Number

Thickness, in. 5
Width, in. 6,7,8
Length, in. 9
Camber, in. 10
Flatness, in. 11

10. Workmanship, Finish, and Appearance

10.1 Cut lengths shall have a workmanlike appearance and
shall not have imperfections of a nature or degree for the
product, the grade, and the description ordered that will be
detrimental to the fabrication of the finished part.

10.2 Coils may contain some abnormal imperfections which
render a portion of the coil unusable since the inspection of
coils does not afford opportunity to remove portions containing
imperfections as in the case with cut lengths.

10.3 Cold-rolled strip steel finishes are usually specified to
one of the following finishes. Typical surface roughness (Ra)
ranges for each are included in Table 10.

10.3.1 Number 1 or Matte (Dull) Finishis a finish without
luster produced by rolling on rolls roughened by mechanical or
other means. This finish is especially suitable for paint adhe-
sion and may aid in drawing by reducing friction between die
and steel surface. The user and the producer should agree on
the permissible surface roughness range, based on the intended
end-use.

TABLE 4 Bend Test Requirement

NOTE 1—Test specimens shall be capable of being bent as specified
above without cracking on the outside of the bent portion. (See applicable
figure in Test Methods and Definitions A 370.)

Temper Bend Test Requirement

No. 1 (hard) Not required to make bends in any direction.
No. 2 (half-hard) Bend 90° transverse around a radius equal to that

of the thickness.
No. 3 (quarter-hard) Bend 180° transverse over one thickness of the

strip and 90° longitudinal around a radius equal
to the thickness.

No. 4 (skin-rolled) Bend flat upon itself in any direction.
No. 5 (dead-soft) Bend flat upon itself in any direction.

TABLE 5 Thickness Tolerances of Cold-Rolled Carbon Steel Strip A,B,C

Cold-Rolled Carbon Strip Steel Including High-Carbon Strip Steel

Inch-Pound Units (in.)

Thickness Tolerances (Plus or Minus, in.)

Nominal
Gage
(in.)

Over 1⁄2 to
less than
12 wide

12 to less
than 18

18 to 2315⁄16

0.251 - 0.300 0.0030 0.0035 0.0040
0.160 - 0.250 0.0025 0.0032 0.0036

0.125 - 0.1599 0.0022 0.0028 0.0032
0.070 - 0.1249 0.0018 0.0022 0.0028
0.040 - 0.0699 0.0014 0.0018 0.0024
0.030 - 0.0399 0.0012 0.0015 0.0020
0.020 - 0..0299 0.0010 0.0013 0.0015
0.015 - 0.0199 0.0008 0.0010 0.0012
0.010 - 0.0149 0.0005 0.0008 0.0010

<0.010 0.0003 0.0006 0.0008

SI Units (mm)

Thickness Tolerances (Plus and Minus, mm)

Nominal
Gage
(mm)

Over 12.7 to
less than

300
300 to less
than 450 450 to 600

6.40 - 7.50 0.080 0.090 0.100
4.00 - 6.39 0.065 0.080 0.090
3.20 - 3.99 0.055 0.070 0.080
1.80 - 3.19 0.045 0.055 0.070
1.00 - 1.79 0.035 0.045 0.060
0.75 - 0.99 0.030 0.035 0.050
0.50 - 0.74 0.025 0.030 0.040
0.38 - 0.49 0.020 0.025 0.030
0.25 - 0.37 0.013 0.020 0.025

<0.25 0.007 0.015 0.020
A Measured 3⁄8 in. or more in from edge; and on narrower than 1 in., at any place between edges.
B Measured 10 mm or more in from edge; and on narrower than 25 mm, at any place between edges.
C Number 3 edge strip with thickness tolerance guaranteed at less than 3⁄8 in. [10 mm] from the slit edge is available by agreement between the consumer and the strip

manufacturer.
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10.3.2 Number 2 or Regular Bright Finishis produced by
rolling on moderately smooth rolls. It is suitable for many
requirements, but not generally applicable to bright plating.

10.3.3 Number 21⁄2 or Better Bright Finish is a smooth
finish suitable for those plating applications where high luster
is not required.

10.3.4 Number 3 or Best Bright Finishis generally of high
luster produced by special rolling practices, including the use
of specially prepared rolls. It is the highest quality finish
commonly produced and is particularly suited for bright
plating. The production of this finish requires extreme care in
processing and extensive inspection. Paper interleaving is
frequently used for protection. In addition to the surface
roughness values in Table 12, the user and producer may agree
on goniophotometric measurement values (Rs/DI) in accor-
dance with Test Methods E 430.

11. Inspection

11.1 When purchaser’s order stipulates that inspection and
tests (except product analysis) for acceptance on the steel be
made prior to shipment from the mill, the manufacturer shall
afford the purchaser’s inspector all reasonable facilities to

satisfy him that the steel is being manufactured and furnished
in accordance with the specification. Mill inspection by the
purchaser shall not interfere unnecessarily with the manufac-
turer’s operation. All tests and inspection (except product
analysis) shall be made at the place of manufacture unless
otherwise agreed.

12. Rejection and Rehearing

12.1 Unless otherwise specified, any rejection shall be
reported to the producer within a reasonable time after receipt
of material by the purchaser.

12.2 Material that is reported to be defective subsequent to
the acceptance at the purchaser’s works shall be set aside,
adequately protected, and correctly identified. The producer
shall be notified as soon as possible so that an investigation
may be initiated.

12.3 Samples that are representative of the rejected material
shall be made available to the producer. In the event that the
producer is dissatisfied with the rejection, he may request a
rehearing.

13. Test Reports and Certification

13.1 When test reports are required by the purchaser, the
supplier shall report the results of all tests required by this
specification and any additional tests required by this specifi-
cation and/or the purchase order.

13.2 When certification is required by the purchase order,
the supplier shall furnish a certification that the material has
been manufactured and tested in accordance with the require-
ments of this specification.

13.3 A signature is not required on test reports. However,
the document shall clearly identify the organization submitting
the document. Notwithstanding the absence of a signature, the
organization submitting the document is responsible for the
content of the document.

13.4 When test reports are required, it is acceptable for the
supplier to report test data from the original manufacturer,
provided such data is not rendered invalid by the stripmaking
process.

TABLE 6 Width Tolerances of Edge Numbers 1, 4, 5, and 6 of
Cold-Rolled Carbon-Steel Strip

INCH - POUND UNITS

Edge
Number

Specified Width, in.A
Specified Thickness,

in.B
Width

Tolerance,
Plus and

Minus, in.COver Through min max

1 1⁄2 3⁄4 . . . 0.0938 0.005
1 3⁄4 5 . . . 0.125 0.005

4 1⁄2 1 0.025 0.1875 0.015
4 1 2 0.025 0.2499 0.025
4 2 4 0.035 0.2499 0.047
4 4 6 0.047 0.2499 0.047

5 1⁄2 3⁄4 . . . 0.0938 0.005
5 3⁄4 5 . . . 0.125 0.005
5 5 9 0.008 0.125 0.010
5 9 20 0.015 0.105 0.010
5 20 2315⁄16 0.023 0.080 0.015

6 1⁄2 1 0.025 0.1875 0.015
6 1 2 0.025 0.2499 0.025
6 2 4 0.035 0.2499 0.047
6 4 6 0.047 0.2499 0.047

SI UNITS

Edge No.

Specified Width, mmA Specific Thickness,
mmB

Width
Tolerance,
Plus and

Minus, in.COver Through min max

1 12.5 200 . . . 3.0 0.13
4 . . . 25 0.6 5.0 0.38
4 25 50 0.6 6.0 0.65
4 50 150 1.0 6.0 1.20
5 . . . 100 . . . 3.0 0.13
5 100 500 0.4 3.0 0.25
5 500 600 0.6 2.0 0.38
6 . . . 25 0.6 5.0 0.38
6 25 50 0.6 6.0 0.65
6 50 150 1.0 6.0 1.20

A Specified width must be within ranges stated for specified edge number.
B Specified thickness must be within ranges stated for specified width.
C When edge, width and thickness are not defined by this table, tolerances are

by agreement between producer and supplier.

TABLE 7 Width Tolerances of Edge Number 2 of Cold-Rolled
Carbon Steel Strip

INCH - POUND UNITS

Specified Width, in. Width Tolerance, Plus and
Minus, in.Over Through

1⁄2 2 1⁄32

2 5 3⁄64

5 10 5⁄64

10 15 3⁄32

15 20 1⁄8
20 2315⁄16 5⁄32

SI UNITS

Specified Width, mm Width Tolerance, mm

Over Through Plus and Minus

12.5 50 0.8
50 100 1.2

100 200 1.6
200 400 2.5
400 500 3.0
500 600 4.0
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13.5 A Material Test Report, Certificate of Inspection, or
similar document printed from or used in electronic form from
an electronic data interchange (EDI) transmission shall be
regarded as having the same validity as a counterpart printed in
the certifier’s facility. The content of the EDI transmitted
document must meet the requirements of the invoked ASTM
standard(s) and conform to any existing EDI agreement be-
tween the purchaser and the supplier. Notwithstanding the
absence of a signature, the organization submitting the EDI
transmission is responsible for the context of the report.

NOTE 3—The industry definition as invoked here is: EDI is the
computer to computer exchange of business information in an agreed upon
standard format such as ANSI ASC X12.

14. Product Marking

14.1 As a minimum requirement, the material shall be
identified by having the manufacturer’s name, ASTM designa-
tion, weight, purchaser’s order number, and material identifi-
cation legibly stenciled on the top of each lift or shown on a tag
attached to the coils or shipping units.

14.2 Bar coding is acceptable as a supplementary identifi-
cation method. Bar coding should be consistent with the

Automotive Industry Action Group (AIAG) standard prepared
by the primary metals subcommittee of the AIAG bar code
project team.

15. Packaging and Package Marking

15.1 Unless otherwise specified, the strip shall be packed
and loaded in accordance with Practices A 700.

15.2 When specified in the contract or order, and for direct
procurement by or direct shipment to the government when
Level A is specified, preservation, packaging, and packing shall
be in accordance with the Level A requirements of MIL-STD-
163.

15.3 When coils are ordered it is customary to specify a
minimum or range of inside diameter, maximum outside
diameter, and a maximum coil weight, if required. The ability
of manufacturers to meet the maximum coil weights depends
upon individual mill equipment. When required, minimum coil
weights are subject to negotiation.

16. Keywords

16.1 carbon steel, strip; cold rolled steel strip; steel strip

TABLE 8 Width Tolerances for Edge Number 3 (Slit), Cold-Rolled Carbon Steel Strip

INCH-POUND UNITS

Specified Thickness, in.
Width Tolerance, Plus and Minus, in.

For Specified Width, in.A

Over Through
Over 1⁄2
Through

6

Over 6
Through

9

Over 9
Through

12

Over 12
Through

20

Over 20
Through
2315⁄16

. . . 0.016 0.005 0.005 0.010 0.016 0.020
0.016 0.068 0.005 0.005 0.010 0.016 0.020
0.068 0.099 0.008 0.010 0.010 0.016 0.020
0.099 0.160 0.010 0.016 0.016 0.020 0.020
0.160 0.300 0.016 0.020 0.020 0.031 0.031

S.I. UNITS
Specified

Thickness mm
Width Tolerance, Plus and Minus, mm

For Specified Width, mmA

Over Through
Through

100

Over 100
Through

200

Over
200

Through
300

Over 300
Through

400

Over 450
Through

600

. . . 1.5 0.13 0.13 0.25 0.40 0.50
1.5 2.5 0.20 0.25 0.25 0.40 0.50
2.5 4.5 0.25 0.40 0.40 0.50 0.50
4.5 7.5 0.40 0.50 0.50 0.80 0.80

A Width is measured from the shear surface of the slit edge and not from the break.

TABLE 9 Length Tolerances of Cold-Rolled Carbon Steel Strip

INCH-POUND UNITS
Specified Width,

in.
Length Tolerance, Plus Only, in. for

Specified Length, in.

Over Through
From 24

Through 60
Over 60

Through 120
Over 120

Through 240
1⁄2 12 1⁄4 1⁄2 3⁄4
12 2315⁄16 1⁄2 3⁄4 1

SI UNITS
Specified Width,

mm
Length Tolerance, Plus Only, mm for

Specified Length, mm

Over Through
From 600

Through 1500
Over 1500

Through 3000
Over
3000

. . . 300 10 15 25
300 600 15 20 25

A 109/A 109M – 03
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TABLE 10 Camber Tolerances of Cold-Rolled Carbon Steel Strip

INCH-POUND UNITS

Note 1—Camber is the greatest deviation of a side edge from a straight line,
the measurement being taken on the concave side with a straight edge.
Note 2—Camber tolerances as shown in the table are for any 8 ft. of length.
For strip length under 8 ft., camber tolerance shall be subject to negotiation.
Note 3—When the camber tolerances shown in Table 10 are suitable for a
particular purpose, cold-rolled strip is sometimes machine straightened.

W = Width of strip, in.
C = Camber, in.

Specified Width, in.
Camber Tolerance, in.

Over Through
1⁄2 11⁄2 1⁄2
11⁄2 2315⁄16 1⁄4

SI UNITS

Note 1—Camber is the greatest deviation of a side edge from a straight line,
the measurement being taken on the concave side with a straight edge.
Note 2—Camber tolerances as shown in the table are for any 2000 mm
length. For strip length under 2000 mm, camber tolerance shall be subject to
negotiation.
Note 3—When the camber tolerances shown in Table 10 are suitable for a
particular purpose, cold-rolled strip is sometimes machine straightened.

W = Width of strip, mm
C = Camber, mm

Width, in. Standard Camber Tolerance,
mmOver Through

. . . 50 10
50 600 5

TABLE 11 Flatness Tolerances of Cold-Rolled Carbon Steel
Strip

It has not been practical to formulate flatness tolerances for cold-rolled carbon
steel strip to represent the wide range of widths and thicknesses and variety
of tempers produced.
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APPENDIX

(Nonmandatory Information)

X1. GENERAL INFORMATION AND METALLURGICAL ASPECTS

X1.1 Mechanical Properties

X1.1.1 Table X1.1 shows the approximate mechanical prop-
erties corresponding to the five commercial tempers of cold-
rolled carbon steel strip. This table is presented as a matter of
general information. The limits of tensile strength, etc., are not
intended as criteria for acceptance or rejection unless specifi-
cally agreed to by the manufacturer when accepting the order.
The exact processing by different manufacturers will naturally
vary slightly, so that absolute identity cannot be expected in
their commercial tempers of cold-rolled strip.

X1.2 Identified Part

X1.2.1 Cold-rolled carbon steel strip can be furnished in the
various tempers to make an identified part provided the
fabrication of the part is compatible with the grade and temper
of the steel specified. Proper identification of parts may include
visual examination, prints or descriptions, or a combination of
these. It is the general experience that most identified parts can
be satisfactorily produced from one of the tempers. There are
applications or requirements that necessitate additional con-
trols or limit the choice of processing methods. For most end
part application only one kind of mechanical test requirement

is normally employed. This test requirement is generally the
Rockwell hardness test.

X1.3 Rockwell Scales and Loads

X1.3.1 Various scales and loads are employed in Rockwell
testing, depending on the hardness and thickness of the strip to
be tested. It is common practice to make the Rockwell hardness
test at a point midway between the side edges on a single
thickness only. There is some overlapping among the different
scales, but the best scale to use in any given case is the one
which will give the maximum penetration, without showing
undue evidence of impression on the undersurface and without
exceeding B100 or its equivalent on the dial. The use of a
lighter load results in a loss of sensitivity, while a heavier load
leads to a loss in accuracy. If the Rockwell ball is flattened by
using it on a hard sample, it should be replaced, otherwise the
subsequent readings will be affected. A tolerance for check
testing, of two Rockwell points on the B scale below the
minimum and above the maximum of the range specified, is
commonly allowed to compensate for normal differences in
equipment. It is recommended that hardness numbers be
specified to the same scale as that to be used during testing.

TABLE 12 Typical Surface Roughness Ranges A

Number 1 or Matte (Dull)B Ra 20-80 µin.
Number 2 or Regular BrightC Ra 20 µin. max
Number 21⁄2 or Better BrightC Ra 10 µin. max
Number 3 or Best BrightC Ra 4 µin. max

A Due to vagaries in measuring surface roughness, as well as the inherent variability in such rolled surfaces, these values are only typical, and values outside these
ranges would not be considered unexpected.

B Measured either parallel with or across the rolling direction.
C Measured across the rolling direction.

TABLE X1.1 Approximate Mechanical Properties for Various Tempers of Cold-Rolled Carbon Strip

NOTE 1—These values are given as information only and are not intended as criteria for acceptance or rejection. S.I. units appear in brackets.

Temper
Tensile Strength,A

† psi [MPa]

Elongation in 2 in. (50 mm)
for 0.050 in. (1.27 mm)
Thickness of Strip,B %

Remarks

No. 1 (hard) 90 000 6 10 000
[620 6 70]

. . . A very stiff, cold-rolled strip intended for flat blanking only, and not requiring
ability to withstand cold forming.

No. 2 (half-hard) 65 000 6 10 000
[450 6 70]

10 6 6 A moderately stiff cold-rolled strip intended for limited bending.

No. 3 (quarter-hard) 55 000 6 10 000
[380 6 70]

20 6 7 A medium soft cold-rolled strip intended for limited bending, shallow drawing
and stamping.

No. 4 (skin-rolled) 48 000 6 6 000
[330 6 40]

32 6 8 A soft ductile cold-rolled strip intended for deep drawing where no surface strain
or fluting is permissible.C

No. 5 (dead-soft) 44 000 6 6 000
[300 6 40]

39 6 6 A soft ductile cold-rolled strip intended for deep drawing where stretcher strains
or fluting are permissible.C Also for extrusions.

A Tensile properties are based on the standard tension-test specimen for sheet metals, see appropriate figure in Test Methods and Definitions A 370.
B Elongation in 2 in. (50 mm) varies with thickness of strip. For Temper No. 5, dead-soft temper, the percentage of elongation = 41 + 10 log “ t” (t = thickness, in. (mm)).

Other tempers vary in a similar way.
C See X1.4 for Aging Phenomenon.

† Editorially changed from ksi to psi.
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X1.4 Aging Phenomenon

X1.4.1 Although the maximum ductility is obtained in steel
strip in its dead soft (annealed last) condition, such strip is
unsuited for many forming operations due to its tendency to
stretcher strain or flute. A small amount of cold rolling
(skin-rolling) will prevent this tendency, but the effect is only
temporary due to a phenomenon called aging. The phenom-

enon of aging is accompanied by a loss of ductility with an
increase in hardness, yield point, and tensile strength. For those
uses in which stretcher straining, fluting, or breakage due to
aging of the steel is likely to occur, the steel should be
fabricated as promptly as possible after skin-rolling. When the
above aging characteristics are undesirable, special killed
(generally aluminum killed) steel is used.

SUMMARY OF CHANGES

This section identifies the location of selected changes to this standard that have been incorporated since the
A 109/A 109M-00e1 issue. For the convenience of the user, Committee A01 has highlighted those changes that
impact the use of this standard. This section may also include descriptions of changes or reasons for changes,
or both.

(1) Revisions were made to Table 1 and Table 5.

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: A 167 – 99

Standard Specification for
Stainless and Heat-Resisting Chromium-Nickel Steel Plate,
Sheet, and Strip 1

This standard is issued under the fixed designation A 167; 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 stainless and heat-resisting
chromium-nickel steel plate, sheet, and strip.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

NOTE 1—Grades that were previously covered in both Specifications
A 167 and A 240/A 240M have been removed from this specification and
may now be supplied and purchased in compliance with Specification
A 240/A 240M. The chemical and mechanical property requirements of
these grades were identical in Specifications A 167 and A 240/A 240M at
the time of removal from Specification A 167.

2. Referenced Documents

2.1 ASTM Standards:
A 240/A240M Specification for Heat-Resisting Chromium

and Chromium-Nickel Stainless Steel Plate, Sheet and
Strip for Pressure Vessels2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products2

A 480/A480M Specification for General Requirements for
Flat-Rolled Stainless and Heat-Resisting Steel Plate,
Sheet, and Strip2

E 527 Practice for Numbering Metals and Alloys (UNS)3

2.2 SAE Standard:
J 1086 Numbering Metals and Alloys (UNS)4

3. Chemical Composition

3.1 The steel shall conform to the requirements as to
chemical composition specified in Table 1, and shall conform
to applicable requirements specified in Specification A 480/
A 480M.

4. Mechanical Properties

4.1 The material shall conform to the mechanical properties
specified in Table 2.

5. General Requirements

5.1 The following requirements for orders for material
furnished under this specification shall conform to the appli-
cable requirements of the current edition of Specification
A 480/A 480M.

5.1.1 Definitions,
5.1.2 General requirements for delivery,
5.1.3 Ordering information,
5.1.4 Process,
5.1.5 Heat treatment,
5.1.6 Special tests,
5.1.7 Dimensions and permissible variations,
5.1.8 Workmanship, finish and appearance,
5.1.9 Number of tests,
5.1.10 Specimen preparation,
5.1.11 Retreatment,
5.1.12 Inspection,
5.1.13 Rejection and rehearing,
5.1.14 Material test report,
5.1.15 Certification, and
5.1.16 Packaging, marking, and loading.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel and Related Alloysand is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved Sept. 10, 1999. Published November 1999. Originally
published as A 167 – 35 T. Last previous edition A 167 – 96.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.01.
4 Available from Society of Automotive Engineers, 400 Commonwealth Drive,

Warrendale, PA 15096.
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TABLE 1 Chemical Requirements A

Composition, %

UNS
Desig-
nationB

Type Car-
bon

Man-
ganese

Phos-
pho-
rus

Sulfur Silicon Chromium Nickel Molyb-
denum

Other Elements

S30215 302B 0.15 2.00 0.045 0.030 2.00–3.00 17.0–19.0 8.00–10.0 . . . N 0.10
S30800 308 0.08 2.00 0.045 0.030 0.75 19.0–21.0 10.0–12.0 . . . . . .
S30900 309 0.20 2.00 0.045 0.030 0.75 22.0–24.0 12.0–15.0 . . . . . .
S31000 310 0.25 2.00 0.045 0.030 1.50 24.0–26.0 19.0–22.0 . . . . . .

A Maximum unless range or minimum is indicated.
B New designation established in accordance with Practice E 527 and SAE J 1086.

TABLE 2 Mechanical Property Requirements

UNS
DesignationA

Type

Tensile Strength, min Yield Strength, minB Elongation
in 2 in. or
50 mm,
min, %

Hardness, maxC

ksi MPa ksi MPa Brinell Rockwell B

S30215 302B 75 515 30 205 40.0 217 95
S30800 308 75 515 30 205 40.0 183 88
S30900 309 75 515 30 205 40.0 217 95
S31000 310 75 515 30 205 40.0 217 95

A New designation established in accordance with Practice E 527 and SAE J 1086.
B Yield strength shall be determined by the offset method at 0.2 % in accordance with Test Methods and Definitions A 370. Unless otherwise specified, an alternative

method of determining yield strength may be based on a total extension under load of 0.5 %.
C Either Brinell or Rockwell B hardness is permissible.

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).

A 167 – 99

2



Designation: A 176 – 99

Standard Specification for
Stainless and Heat-Resisting Chromium Steel Plate, Sheet,
and Strip 1

This standard is issued under the fixed designation A 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.

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

1. Scope

1.1 This specification covers stainless and heat-resisting
chromium steel plate, sheet, and strip available in a wide
variety of surface finishes.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

NOTE 1—Grades that were previously covered in both Specifications
A 176 and A 240/A 240M have been removed from this specification and
may now be supplied and purchased in compliance with Specification
A 240/A 240M. The chemical and mechanical property requirements of
these grades were identical in Specifications A 176 and A 240/A 240M at
the time of removal from Specification A 176.

2. Referenced Documents

2.1 ASTM Standards:
A 240/A240M Specification for Heat-Resisting Chromium

and Chromium-Nickel Stainless Steel Plate, Sheet and
Strip for Pressure Vessels2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products2

A 480/A480M Specification for General Requirements for
Flat-Rolled Stainless and Heat-Resisting Steel Plate,
Sheet, and Strip2

E 527 Practice for Numbering Metals and Alloys (UNS)3

2.2 SAE Standard:
J1086 Practice for Unified Numbering for Metals and Al-

loys (UNS)4

3. Chemical Composition

3.1 The steel shall conform to the requirements as to
chemical composition specified in Table 1, and shall conform
to applicable requirements specified in Specification A 480/
A 480M.

4. Mechanical Properties

4.1 The material shall conform to the mechanical properties
specified in Table 2.

5. General Requirements

5.1 The following requirements for orders for material
furnished under this specification shall conform to the appli-
cable requirements of the current edition of Specification
A 480/A480M.

5.1.1 Definitions,
5.1.2 General requirements for delivery,
5.1.3 Ordering information,
5.1.4 Process,
5.1.5 Special tests,
5.1.6 Heat treatment,
5.1.7 Dimensions and permissible variations,
5.1.8 Workmanship, finish and appearance,
5.1.9 Number of tests/test methods,
5.1.10 Specimen preparation,
5.1.11 Retreatment,
5.1.12 Inspection,
5.1.13 Rejection and rehearing,
5.1.14 Material test report, and
5.1.15 Certification.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel and Related Alloysand is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved Sept. 10, 1999. Published November 1999. Originally
published as A 176 – 35 T. Last previous edition A 176 – 97.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.01.
4 Available from the Society for Automotive Engineers, 400 Commonwealth

Drive, Warrendale, PA 15096.
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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 1 Chemical Requirements A

UNS
DesignationB Type

Composition, %

Carbon Manganese Phosphorus Sulfur Silicon Chromium Nickel Nitrogen Other ElementsC

S40300 403 0.15 1.00 0.040 0.030 0.50 11.5–13.0 0.60 . . . . . .
S42000 420 0.15 min 1.00 0.040 0.030 1.00 12.0–14.0 0.75 . . . Mo 0.50 max

S42200 422 0.20–0.25 0.50–1.00 0.025 0.025 0.50 11.0–12.5 0.50–1.00 . . . Mo 0.90-1.25
V 0.20-0.30
W 0.90-1.25

S43100 431 0.20 1.00 0.040 0.030 1.00 15.0–17.0 1.25–2.50 . . . . . .
S44200 442 0.20 1.00 0.040 0.040 1.00 18.0–23.0 0.60 . . . . . .
S44600 446 0.20 1.50 0.040 0.030 1.00 23.0–27.0 0.75 0.25 . . .

A Maximum unless range or minimum is indicated.
B New designation established in accordance with Practice E 527 and SAE J1086.
C The terms Columbium (Cb) and Niobium (Nb) both relate to the same element.

TABLE 2 Mechanical Test Requirements

UNS
Designation

Type
Tensile Strength, min Yield Strength, minA Elongation

in 2 in. or
50 mm,
min, %

Hardness, maxB

Cold Bend,
degC

ksi MPa ksi MPa Brinell Rockwell B

S40300 403 70 485 30 205 25.0D 217 96 180
S42000 420 100E 690 . . . . . . 15.0 217 96 . . .
S42200 422 . . . . . . . . . . . . . . . 248 24F not required
S43100 431 . . . . . . . . . . . . . . . 285 29F not required
S44200 442 65 515 40 275 20.0 217 96 180
S44600 446 65 515 40 275 20.0 217 96 135

A Yield strength shall be determined by the offset method at 0.2 % in accordance with Test Methods and Definitions A 370. Unless otherwise specified (see 5.1.10), an
alternative method of determining yield strength may be based on a total extension under load of 0.5 %.

B Either Brinell or Rockwell B hardness is permissible.
C Bend test not required for steels thicker than 1 in. (25.4 mm) unless specified by the purchaser.
D Material 0.050 in. (1.27 mm) and under in thickness shall have a minimum elongation of 20.0 %.
E Maximum. Type 420 is usually used in the heat treated condition (quenched and tempered to a specified range of hardness or tensile strength).
F Rockwell C scale.
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Designation: A 227/A 227M – 99

Standard Specification for
Steel Wire, Cold-Drawn for Mechanical Springs 1

This standard is issued under the fixed designation A 227/A 227M; 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 two classes of round cold-
drawn steel spring wire having properties and quality for the
manufacture of mechanical springs that are not subject to high
stress or requiring high fatigue properties and wire forms.

1.2 The values stated in either SI (metric) units or inch-
pound units are to be regarded separately as standard. The
values stated in each system are not exact equivalents; there-
fore, each system must be used independent of the other.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 510 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel2

A 510M Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel [Metric]2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

A 941 Terminology Relating to Steel, Stainless Steel, Re-
lated Alloys and Ferroalloys2

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

2.2 American National Standard:
B 32.4M Preferred Metric Sizes for Round, Square, Rec-

tangle, and Hexagon Metal Products5

2.3 Military Standard:

MIL-STD-163 Steel Mill Products, Preparation for Ship-
ment and Storage6

2.4 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)6

2.5 AIAG Standard:
AIAG B-5 02.00 Primary Metals Identification Tag Appli-

cation Standard7

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 For definition of terms used in this specification, refer

to Terminology A 941.

4. Ordering Information

4.1 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for material under this
specification. Such requirement may include, but are not
limited to, the following:

4.1.1 Quantity (mass),
4.1.2 Name of material (cold-drawn steel mechanical spring

wire) and class (Table 1 or Table 2),
4.1.3 Wire diameter (Table 1 or Table 2),
4.1.4 Packaging (Section 15),
4.1.5 Cast or heat analysis report, if requested (Section 6),
4.1.6 Certification or test report, or both, if specified (Sec-

tion 14), and
4.1.7 ASTM designation and date of issue.

NOTE 1—A typical ordering description is as follows: 15 000 kg
Cold-Drawn Mechanical Spring Wire, Class I, Size 5.00 mm in 700-kg
coils to ASTM A 227M dated_______ , or for non-SI units, 30 000 lb
Cold-Drawn Mechanical Spring Wire, Class I, Size 0.207 in. diameter in
500-lb coils to ASTM A 227 dated_______ .

5. Manufacture

5.1 The steel may be made by any commercially accepted
steel-making process. The steel may be either ingot cast or
strand cast.

1 This specification is under the jurisdiction of ASTM committee A-1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 10, 1999. Published May 1999. Originally
published as A 227 – 39 T and A 227M – 80. Last previous edition A 227/
A 227M – 93.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Available from American National Standards Institute, 11 West 42nd Street,

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.

7 Available from the Automotive Industry Action Group, 26200 Lahser, Suite
200, Southfield, MI 48034.
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5.2 The finished wire shall be free of detrimental pipe and
undue segregation.

5.3 The wire shall be cold drawn to produce the desired
mechanical properties.

6. Chemical Composition

6.1 The steel shall conform to the requirements for chemical
composition prescribed in Table 3.

6.2 Cast or Heat Analysis—Each cast or heat of steel shall
be analyzed by the manufacturer to determine the percentage of
elements prescribed in Table 3. This analysis shall be made
from a test specimen preferably taken during the pouring of the
cast or heat. When requested, this shall be reported to the
purchaser and shall conform to the requirements of Table 3.

6.3 Product Analysis—An analysis may be made by the
purchaser from finished wire representing each cast or heat of
steel. The chemical composition thus determined, as to ele-
ments required or restricted, shall conform to the product
analysis requirements specified in Table 10 of Specification
A 510 or A 510M.

6.4 For referee purposes, Test Methods, Practices and Ter-
minology, A 751 shall be used.

7. Mechanical Properties

7.1 Tension Test:

7.1.1 Requirements—The material as represented by tension
test specimens shall conform to the requirements prescribed in
Table 1 or Table 2.

7.1.2 Number of Tests—One test specimen shall be taken for
each ten coils or fraction thereof, in a lot. Each cast or heat in
a given lot shall be tested.

7.1.3 Location of Tests—Test specimens shall be taken from
either end of the coil.

7.1.4 Test Method—The tension test shall be made in
accordance with Test Methods and Definitions A 370.

7.2 Wrap Test:
7.2.1 Requirements—The material as represented by the

wrap test specimens shall conform to the requirements speci-
fied in Table 4 or Table 5. Wrap test on wires over 8.5 mm or

TABLE 1 Tensile Requirements, SI Units A

Diameter,B

mm

Class I Class II

Tensile Strength, MPa Tensile Strength MPa

min max min max

0.50 1960 2240 2240 2520
0.55 1940 2220 2220 2500
0.60 1920 2200 2200 2480
0.65 1900 2180 2180 2460
0.70 1870 2140 2140 2410
0.80 1830 2100 2100 2370
0.90 1800 2070 2070 2340
1.00 1770 2040 2040 2310
1.10 1740 2000 2000 2260
1.20 1720 1980 1980 2240
1.40 1670 1930 1930 2180
1.60 1640 1880 1880 2120
1.80 1600 1840 1840 2080
2.00 1580 1810 1810 2040
2.20 1550 1780 1780 2010
2.50 1510 1730 1730 1960
2.80 1480 1700 1700 1920
3.00 1460 1680 1680 1900
3.50 1420 1630 1630 1840
4.00 1380 1590 1600 1700
4.50 1350 1550 1550 1750
5.00 1320 1510 1510 1700
5.50 1300 1490 1490 1670
6.00 1280 1470 1470 1650
6.50 1250 1440 1440 1630
7.00 1220 1410 1410 1600
7.50 1200 1390 1390 1580
8.00 1190 1370 1370 1550
9.00 1160 1340 . . . . . .

10.00 1130 1310 . . . . . .
11.00 1110 1280 . . . . . .
12.00 1090 1260 . . . . . .
14.00 1050 1210 . . . . . .
16.00 1010 1170 . . . . . .

A Tensile strength values for intermediate diameters may be interpolated.
B Preferred sizes. For a complete list, refer to ANSI B32.4M, Preferred Metric

Sizes for Round, Square, Rectangle, and Hexagon Metal Products.

TABLE 2 Tensile Requirements, Inch-Pound Units A

Diameter, in.

Class I Class II

Tensile Strength, ksi Tensile Strength, ksi

min max min max

0.020 283 323 324 364
0.023 279 319 320 360
0.026 275 315 316 356
0.029 271 311 312 352
0.032 266 306 307 347
0.035 261 301 302 342
0.041 255 293 294 332
0.048 248 286 287 325
0.054 243 279 280 316
0.062 237 272 273 308
0.072 232 266 267 301
0.080 227 261 262 296
0.092 220 253 254 287
0.106 216 248 249 281
0.120 210 241 242 273
0.135 206 237 238 269
0.148 203 234 235 266
0.162 200 230 231 261
0.177 195 225 226 256
0.192 192 221 222 251
0.207 190 218 219 247
0.225 186 214 215 243
0.250 182 210 211 239
0.312 174 200 201 227
0.375 167 193 194 220
0.438 165 190 191 216
0.500 156 180 181 205
0.562 152 176 177 201
0.625 147 170 171 294

A Tensile strength values for intermediate diameters shall be interpolated.

TABLE 3 Chemical Requirements

Element Composition, %

Carbon 0.45–0.85A

Manganese 0.30–1.30B

Phosphorus, max 0.040
Sulfur, max 0.050
Silicon 0.15–0.35
A Carbon in any one lot shall not vary more than 0.13 %.
B Manganese in any one lot shall not vary more than 0.30 %.

TABLE 4 Wrap Test Requirements, SI Units

Diameter, mm
Mandrel Size

Class I Class II
0.50 to 4.0, incl
Over 4.0 to 8.0, incl

1XA

2X
2X
4X

A For 1X mandrel, wire shall be wrapped on itself.
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0.312 in. in diameter is not applicable. Since the conventional
methods will not accommodate over 8.5 mm or 0.312 in., an
alternative test procedure shall be agreed upon between pur-
chaser and producer.

7.2.2 Number of Tests—One test specimen shall be taken for
each ten coils, or fraction thereof, in a lot. Each cast or heat in
a given lot shall be tested.

7.2.3 Location of Test—Test specimens shall be taken from
either end of the coil.

7.2.4 Test Method—The wrap test shall be made in accor-
dance with Test Methods and Definitions A 370, Supplement
IV.

8. Metallurgical Requirements

8.1 Surface Condition:
8.1.1 The surface of the wire as-received shall be free of

rust, excessive scale, die marks, pits and scratches detrimental
to the end application. Seams shall not exceed 3.5 % of the
wire diameter or 0.25 mm [0.010 in.], whichever is less.

8.1.2 Location of Test—Test specimens shall be taken from
either or both ends of the coil.

9. Dimensions and Permissible Variations

9.1 The permissible variations in the diameter of the wire
shall be as specified in Table 6 or Table 7.

10. Workmanship and Appearance

10.1 Workmanship—The wire shall not be kinked or im-
properly cast. To test for cast, a few convolutions of wire shall
be cut from the coil and placed on a flat surface. The wire shall
lie flat on itself and not spring up excessively nor show a wavy
condition.

10.1.1 Each coil shall be one continuous length of wire,
properly coiled and firmly tied. Welds made prior to cold
drawing are permitted.

11. Retests

11.1 If any test specimen exhibits obvious defects or shows
the presence of a weld, it shall be discarded and another
specimen substituted.

12. Inspection

12.1 Unless otherwise specified in the contract or purchase
order, the manufacturer is responsible for the performance of
all inspection and test requirements specified in this specifica-
tion. 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 prescribed
requirements.

13. Rejection and Rehearing

13.1 Unless otherwise specified, any rejection based on tests
made in accordance with this specification shall be reported to
the manufacturer as soon as possible so that an investigation
may be initiated.

13.2 The material shall be adequately protected and cor-
rectly identified in order that the manufacturer may make a
proper investigation.

14. Certification

14.1 When specified in the purchase order or contract, a
manufacturer’s or supplier’s certification shall be furnished to
the purchaser that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

14.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

15. Packaging, Marking, and Loading for Shipment

15.1 The coil mass, dimensions, and the method of packag-
ing shall be agreed upon between the manufacturer and
purchaser.

15.2 A tag shall be securely attached to each coil of wire
with identifying information as agreed upon by the purchaser
and manufacturer.

15.3 Unless otherwise specified in the purchaser’s order,
packaging, marking, and loading for shipments shall be in
accordance with those procedures recommended by Practices
A 700.

15.4 For Government Procurement—Packaging, packing,
and marking of material for military procurement shall be in
accordance with the requirements of MIL-STD-163, Level A,

TABLE 5 Wrap Test Requirements, Inch-Pound Units

Diameter, in.
Mandrel Size

Class I Class II
0.020 to 0.162, incl 1XA 2X
Over 0.162 to 0.312, incl 2X 4X

A For 1X mandrel, wire shall be wound on itself.

TABLE 6 Permissible Variations in Wire Diameter, SI Units A

Diameter, mm

Permissible
Variations,

plus and minus,
mm

Permissible Out-of
Round, mm

To 0.70, incl 0.02 0.02
Over 0.70 to 2.00, incl 0.03 0.03
Over 2.00 to 9.00, incl 0.05 0.05
Over 9.00 0.08 0.08

A For purposes of determining conformance with this specification, all specified
limits are absolute as defined in Practice E 29.

TABLE 7 Permissible Variations in Wire Diameter, Inch-Pound
Units A

Diameter, in.
Permissible

Variations, plus and
minus, in.

Permissible
Out-of-Round, in.

0.020 to 0.028, incl 0.0008 0.0008
Over 0.028 to 0.075, incl 0.001 0.001
Over 0.075 to 0.375, incl 0.002 0.002
Over 0.375 to 0.625, incl 0.003 0.003

A For purposes of determining conformance with this specification, all specified
limits are absolute as defined in Practice E 29.
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Level C, or commercial as specified in the contract or purchase
order. Marking for shipment of material for civil agencies shall
be in accordance with Fed. Std. No. 123.

15.5 Bar Coding—In addition to the previously stated
identification requirements, bar coding is acceptable as a
supplementary identification method. Bar coding should be

consistent with AIAG Standard 02.00, Primary Metals Identi-
fication Tag Application. The bar code may be applied to a
substantially affixed tag.

16. Keywords

16.1 cold-drawn; springs; wire

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: A 228/A 228M – 02

Standard Specification for
Steel Wire, Music Spring Quality 1

This standard is issued under the fixed designation A 228/A 228M; 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 a high quality, round, cold-
drawn steel music spring quality wire, uniform in mechanical
properties, intended especially for the manufacture of springs
subject to high stresses or requiring good fatigue properties.

1.2 The values stated in either SI (metric) units or inch-
pound units are to be regarded separately as standard. The
values stated in each system are not exact equivalents; there-
fore, each system must be used independently of the other.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 510 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel2

A 510M Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel [Metric]2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

A 938 Standard Test Method for Torsion Testing of Wire2

A 941 Terminology Relating to Steel, Stainless Steel, Re-
lated Alloys, and Ferroalloys4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 1077 Test Method for Estimating the Depth of Decarbur-
ization of Steel Specimens6

2.2 Military Standard:
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage7

2.3 Federal Standard:
Fed. Std. No. 123, Marking for Shipment (Civil Agencies)7

2.4 American National Standard:
B32.4 Preferred Metric Sizes for Round, Square, Rectangle,

and Hexagon Metal Products8

2.5 AIAG Standard:
AIAG B-5 02.00 Primary Metals Identification Tag Appli-

cation Standard9

3. Terminology

3.1 Definitions—For definitions of terms used in this speci-
fication, refer to Terminology A 941.

4. Ordering Information

4.1 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for material under this
specification. Such requirements may include, but are not
limited to, the following information:

4.1.1 Quantity (mass),
4.1.2 Name of material (music steel spring wire),
4.1.3 Dimensions (Table 1 and Section 9),
4.1.4 Finish (see 10.2),
4.1.5 Packaging (Section 15),
4.1.6 Heat analysis report, if requested (see 6.2),
4.1.7 Certification or test report, or both, if specified (Sec-

tion 14), and
4.1.8 ASTM designation and year of issue.

NOTE 1—A typical metric ordering description is as follows: 2500 kg
Music Spring Wire, 1.40 mm diameter, phosphate coated in 25 kg coils to
ASTM A 288M dated _____, or for inch-pound units, 5000 lb Music
Spring Wire, 0.055 in. diameter, phosphate coated in 50 lb coils to ASTM
A 288 dated _____.

5. Materials and Manufacture

5.1 The steel may be made by any commercially accepted
steel-making process. The steel may be either ingot cast or
strand cast. The rod to be used in the manufacture of wire
furnished to this specification shall be in accordance with
Specification A 510 or A 510M.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 10, 2002. Published April 2002. Originally
published as A 228 – 39 T. Last previous edition A 228/A 228M – 00.

2 Annual Book of ASTM Standards,Vol 01.03.
3 Annual Book of ASTM Standards,Vol 01.05.
4 Annual Book of ASTM Standards,Vol 01.01.
5 Annual Book of ASTM Standards,Vol 14.02.
6 Annual Book of ASTM Standards,Vol 03.01.
7 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

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

8 Available from American National Standards Institute, 11 West 42nd Street,
13th Floor, New York, NY 10036.

9 Available from the Automotive Industry Action Group, 26200 Lahser, Suite
200, Southfield, MI 48034.
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5.2 The finished wire shall be free from detrimental pipe
and undue segregation.

5.3 The wire shall be cold drawn to produce the desired
mechanical properties.

6. Chemical Composition

6.1 The steel shall conform to the requirements for chemical
composition prescribed in Table 2.

6.2 Heat Analysis—Each heat of steel shall be analyzed by
the manufacturer to determine the percentage of elements
prescribed in Table 2. This analysis shall be made from a test
specimen preferably taken during the pouring of the heat.
When requested in the purchase order, the heat analysis shall
be reported to the purchaser.

6.3 Product Analysis—An analysis may be made by the
purchaser from finished wire representing each heat of steel.
The chemical composition thus determined, as to elements
required or restricted, shall conform to the product analysis
requirements specified in Table 7 of Specification A 510M or
A 510.

6.4 For referee purposes, Test Methods, Practices, and
Terminology A 751 shall be used.

7. Mechanical Properties

7.1 Tension Test:
7.1.1 Requirements—The material as represented by tension

test specimens shall conform to the requirements prescribed in
Table 1.

7.1.2 Number of Tests—One test specimen shall be taken
from each end of every coil or from the top or outside end of
each reel or spool.

7.1.3 Test Method—The tension test shall be made in
accordance with Test Methods and Definitions A 370.

7.1.4 For wire diameters over 6.0 mm [0.250 in.], mechani-
cal properties and chemical composition shall be negotiated
between purchaser and supplier and shall be included on the
order information.

7.2 Wrap Test:
7.2.1 Requirements—The wrap test shall be applied only to

sizes smaller than 0.70 mm [0.028 in.] in diameter.
7.2.2 Number of Tests—One test specimen shall be taken

from the top or outside end of each coil, reel or spool and shall
be tested for conformance.

7.2.3 Test Method—Each test specimen shall be closed
wound on an arbor of its own diameter for a minimum of four
full wraps. Wire so tested shall not show any splits or fractures.

7.3 Torsion Test:
7.3.1 Requirements—The torsion test shall be applied to

wire sizes 0.70 mm [0.028 in.] and larger in diameter. For wire
sizes smaller in diameter than 0.70 mm [0.028 in.], the torsion
test may be substituted for the wrap test (7.2). In this case, the
minimum number of torsions to failure will be equivalent to 25
in a test length of 100d.

7.3.2 Number of tests—One test specimen shall be taken
from the top or outside end of each coil, reel, or spool and shall
be tested for conformance.

7.3.3 Test Method—Test specimens shall be prepared and
tested as shown in A 938 with the following exception. The

TABLE 1 Tensile Requirements

SI Units

Diameter,
mmA,B

Tensile Strength, MPa
Diameter,

mmA,B

Tensile Strength, MPa

min max min max

0.10 3000 3300 0.90 2200 2450
0.11 2950 3250 1.00 2150 2400
0.12 2900 3200 1.1 2120 2380
0.14 2850 3150 1.2 2100 2350
0.16 2800 3100 1.4 2050 2300
0.18 2750 3050 1.6 2000 2250
0.20 2700 3000 1.8 1980 2220
0.22 2680 2980 2.0 1950 2200
0.25 2650 2950 2.2 1900 2150
0.28 2620 2920 2.5 1850 2100
0.30 2600 2900 2.8 1820 2050
0.35 2550 2820 3.0 1800 2000
0.40 2500 2750 3.2 1780 1980
0.45 2450 2700 3.5 1750 1950
0.50 2400 2650 3.8 1720 1920
0.55 2380 2620 4.0 1700 1900
0.60 2350 2600 4.5 1680 1880
0.65 2320 2580 5.0 1650 1850
0.70 2300 2550 5.5 1620 1820
0.80 2250 2500 6.0 1600 1800

Inch-Pound Units

Diameter,
in.A

Tensile Strength,
ksi

Diameter,
in.A

Tensile Strength,
ksi

min max min max

0.004 439 485 0.055 300 331
0.005 426 471 0.059 296 327
0.006 415 459 0.063 293 324
0.007 407 449 0.067 290 321
0.008 399 441 0.072 287 317
0.009 393 434 0.076 284 314
0.010 387 428 0.080 282 312
0.011 382 422 0.085 279 308
0.012 377 417 0.090 276 305
0.013 373 412 0.095 274 303
0.014 369 408 0.100 271 300
0.015 365 404 0.102 270 299
0.016 362 400 0.107 268 296
0.018 356 393 0.110 267 295
0.020 350 387 0.112 266 294
0.022 345 382 0.121 263 290
0.024 341 377 0.125 261 288
0.026 337 373 0.130 259 286
0.028 333 368 0.135 258 285
0.030 330 365 0.140 256 283
0.032 327 361 0.145 254 281
0.034 324 358 0.150 253 279
0.036 321 355 0.156 251 277
0.038 318 352 0.162 249 275
0.040 315 349 0.177 245 270
0.042 313 346 0.192 241 267
0.045 309 342 0.207 238 264
0.048 306 339 0.225 235 260
0.051 303 335 0.250 230 255

A Tensile strength values for intermediate diameters may be interpolated.
B Preferred sizes. For a complete list, refer to ANSI B32.4, Preferred Metric

Sizes for Round, Square, Rectangle and Hexagon Metal Products.

TABLE 2 Chemical Requirements

Element Composition, %

Carbon 0.70–1.00
Manganese 0.20–0.60
Phosphorus, max 0.025
Sulfur, max 0.030
Silicon 0.10–0.30
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minimum number of torsions (twists) to failure in a test length
of 100d (whered = the wire diameter being tested) are shown
in Table 3.

7.3.4 Following completion of the torsion test, the torsion
fracture shall be perpendicular to the longitudinal axis of the
test specimen and the surface of the test specimen shall not be
split. Secondary (recoil) fractures shall be ignored.

7.3.5 Test lengths other than 100d may be utilized. In this
case, the minimum number of torsions to failure shall be
adjusted in direct proportion to the change in test length as
determined by the following formula:

Tx 5
Td 3 Lx

Ld
(1)

where
Tx = minimum number of torsions for new test length,
Td = minimum number of torsions for 100d test length,
Lx = new test length, and
Ld = 100d test length

8. Metallurgical Requirements

8.1 Surface Condition:
8.1.1 The surface of the wire as-received shall be free of

rust, excessive scale, die marks, pits, and scratches detrimental
to the end application. Seams shall not exceed 2 % of the wire
diameter or 0.15 mm [0.006 in.], whichever is less.

8.1.2 Location of Test—Test specimens shall be taken from
either or both ends of the coil.

8.2 Decarburization:
8.2.1 The maximum affected depth of decarburization shall

not exceed 2 % of the wire diameter or 0.15 mm [0.006 in.],
whichever is less. The maximum average partial decarburiza-
tion depth shall not exceed 1.5% of the wire diameter when
measured using the test method described in 8.2.3.

8.2.2 Test Method—Decarburization shall be determined by
etching a suitably polished transverse section of wire with
nital. The entire periphery to be examined should be in a single
plane with no edge rounding. (See Test Method E 1077.)

8.2.3 The entire periphery shall be examined at a magnifi-
cation of no less than 1003 for depth of free ferrite and
maximum affected depth. Smaller wire sizes may require
higher magnification. Complete decarburization exists when
only free ferrite is present. The worst case location shall be
used to position perpendicular bisectors as shown in Fig. 1. The
depth of decarburization (D) shall be measured at each of the
four points where the perpendicular bisectors cross the circum-

ference of the wire. The four readings so obtained shall be
averaged, and the average shall not exceed 1.5% of the wire
diameter.

8.2.4 The purchaser may specify more restrictive decarbur-
ization requirements where necessary for special applications.
These requirements shall be negotiated between the purchaser
and supplier and must be included in the order information.

8.2.5 There are no decarburization requirements for wire
sizes smaller in diameter than 2.0 mm [0.078 in].

9. Dimensions and Permissible Variations

9.1 The permissible variations in the diameter of the wire
shall be as specified in Table 4.

10. Workmanship, Finish, and Appearance

10.1 Workmanship—The wire shall not be kinked or im-
properly cast. To test for cast, one convolution of wire shall be
cut from the coil, reel, or spool and placed on a flat surface. The

TABLE 3 Test Lengths for Torsion Test

SI Units

Diameter, mm Number of Torsions in 100d

0.70 to 2.0, incl 25
over 2.0 to 3.5, incl 20
over 3.5 to 6.0, incl 15

Inch-Pound Units

Diameter, in. Number of Torsions in 100d

0.028 to 0.079, incl 25
over 0.079 to 0.138, incl 20
over 0.138 to 0.250, incl 15

FIG. 1 Positioning of Perpendicular Bisectors

TABLE 4 Permissible Variations in Wire Diameter A

SI Units

Diameter, mm
Permissible

Variations, plus
and minus, mm

Permissible
Out-of-Round,

mm

to 0.25, incl 0.005 0.005
Over 0.25 to 0.70, incl 0.008 0.008
Over 0.70 to 1.50, incl 0.010 0.010
Over 1.50 to 2.00, incl 0.013 0.013
Over 2.00 0.03 0.03

Inch-Pound Units

Diameter, in.
Permissible

Variations, plus
and minus, in.

Permissible
Out-of-Round,

in.

0.004 to 0.010, incl 0.0002 0.0002
Over 0.010 to 0.028, incl 0.0003 0.0003
Over 0.028 to 0.063, incl 0.0004 0.0004
Over 0.063 to 0.080, incl 0.0005 0.0005
Over 0.080 to 0.250, incl 0.001 0.001

A For purposes of determining conformance with this specification, all specified
limits are absolute as defined in Practice E 29.
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wire shall not spring up nor show a wavy condition. Wire
below 4.0 mm or 0.156 in. diameter shall lie flat while wire
diameters larger than the above shall lie substantially flat.

10.1.1 Each coil, reel, or spool shall be one continuous
length of wire, properly coiled and firmly tied.

10.1.2 Welds made prior to cold drawing are permitted. If
unmarked welds are unacceptable to the purchaser, special
arrangements should be made with the manufacturer at the time
of purchase.

10.2 Finish—Music wire is supplied with many different
types of finish such as bright, phosphate, tin, and others. Finish
desired should be specified on purchase orders.

11. Retests

11.1 If any test specimen exhibits obvious defects or shows
the presence of a weld, it shall be discarded and another
specimen substituted.

12. Inspection

12.1 Unless otherwise specified in the contract or purchase
order, the manufacturer is responsible for the performance of
all inspection and test requirements specified in this specifica-
tion. 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 prescribed
requirements.

13. Rejection and Rehearing

13.1 Unless otherwise specified, any rejection based on tests
made in accordance with these specifications shall be reported
to the manufacturer as soon as possible so that an investigation
may be initiated.

13.2 The material shall be adequately protected and identi-
fied correctly for the manufacturer to make a proper investi-
gation.

14. Certification

14.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

14.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

15. Packaging, Marking, and Loading for Shipment

15.1 The coil, reel or spool mass, dimensions, and the
method of packaging shall be agreed upon between the
manufacturer and purchaser.

15.2 A tag shall be attached securely to each coil of wire
with identifying information as agreed upon by the purchaser
and manufacturer.

15.3 Unless otherwise specified in the purchaser’s order,
packaging, marking, and loading for shipments shall be in
accordance with those procedures recommended by Practices
A 700.

15.4 For Government Procurement:
15.4.1 Packaging, packing, and marking of material for

military procurement shall be in accordance with the require-
ments of MIL-STD-163, Level A, Level C, or commercial as
specified in the contract or purchase order. Marking for
shipment of material for civil agencies shall be in accordance
with Fed. Std No. 123.

15.5 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG Standard 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

16. Keywords

16.1 music spring; wire

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: A 229/A 229M – 99

Standard Specification for
Steel Wire, Oil-Tempered for Mechanical Springs 1

This standard is issued under the fixed designation A 229/A 229M; 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 two classes of oil-tempered
steel spring wire intended especially for the manufacture of
mechanical springs and wire forms.

1.2 The values stated in either SI (metric) units or inch-
pound units are to be regarded separately as standard. The
values stated in each system are not exact equivalents; there-
fore, each system must be used independent of the other.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 510 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel2

A 510M Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel [Metric]2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

A 941 Terminology Relating to Steel, Stainless Steel, Re-
lated Alloys and Ferroalloys2

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

E 1077 Test Methods for Estimating the Depth of Decar-
burization of Steel Specimens4

2.2 American National Standard:
B 32.4M Preferred Metric Sizes for Round, Square, Rect-

angle, and Hexagon Metal Products5

2.3 Military Standard:

MIL-STD-163 Steel Mill Products, Preparation for Ship-
ment and Storage6

2.4 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)6

2.5 AIAG Standard:
AIAGB-5 02.00 Primary Metals Identification Tag Applica-

tion Standard7

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 For definition of terms used in this specification, refer

to Terminology A 941.

4. Ordering Information

4.1 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for material under this
specification. Such requirements may include, but are not
limited to, the following:

4.1.1 Quantity (mass or weight),
4.1.2 Name of material (oil-tempered steel mechanical

spring wire) and class (Table 1 or Table 2),
4.1.3 Dimensions (Section 10),
4.1.4 Chemical composition (Table 3), if required,
4.1.5 Packaging (Section 16),
4.1.6 Cast or heat analysis report, if desired (see 7.2),
4.1.7 Certification or test report, or both, if specified (Sec-

tion 15), and
4.1.8 ASTM designation and date of issue.

NOTE 1—A typical metric ordering description is as follows: 10 000 kg
oil-tempered steel mechanical spring wire, Class I, 8.00 mm diameter, in
250-kg coils to ASTM A 229 M – xx, or for inch-pound units, 20 000 lb
oil-tempered steel mechanical Spring Wire, Class I 0.315 in. diameter, in
500-lb coils to ASTM A 229 – xx.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys, and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 10, 1999. Published May 1999. Originally
published as A 229 – 39 T. Last previous edition A 229/A 229M – 93.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Available from American National Standards Institute, 11 West 42nd Street,

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.

7 Available from the Automotive Industry Action Group, 26200 Lahser, Suite
200, Southfield, MI 48034.
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5. General Requirements

5.1 Material furnished to this specification shall conform to
the applicable requirements of either Specification A 510M or
Specification A 510.

6. Materials and Manufacture

6.1 The steel may be made by any commercially accepted
steel-making process. The steel may be either ingot cast or
strand cast.

6.2 The finished wire shall be free of detrimental pipe and
undue segregation.

6.3 The wire shall be oil quenched and tempered to produce
the desired mechanical properties.

7. Chemical Composition

7.1 The steel shall conform to the requirements for chemical
composition prescribed in Table 3.

7.2 Cast or Heat Analysis—Each cast or heat of steel shall
be analyzed by the manufacturer to determine the percentage of
elements prescribed in Table 3. This analysis shall be made
from a test specimen preferably taken during the pouring of the
cast or heat. When requested, this shall be reported to the
purchaser and shall conform to the requirements of Table 3.

7.3 Product Analysis—An analysis may be made by the
purchaser from finished wire representing each cast or heat of

steel. The chemical composition thus determined, as to ele-
ments required or restricted, shall conform to the product
analysis requirements specified in Table 10 of Specification
A 510 or A 510M.

7.4 For referee purposes, Test Methods, Practices, and
Terminology A 751 shall be used.

8. Mechanical Properties

8.1 Tension Test:
8.1.1 Requirements—The material as represented by tension

test specimens shall conform to the requirements prescribed in
Table 1 or Table 2.

8.1.2 Number of Tests—One test specimen shall be taken for
each ten coils or fraction thereof, in a lot. Each cast or heat in
a given lot shall be tested.

8.1.3 Location of Tests—Test specimens shall be taken from
either end of the coil.

TABLE 1 Tensile Requirements, SI Units A

Diameter,B mm

Class I Class II

Tensile Strength, MPa Tensile Strength, MPa

min max min max

0.50 2050 2250 2230 2450
0.55 2020 2220 2220 2440
0.60 2000 2200 2210 2430
0.65 1950 2150 2190 2410
0.70 1950 2150 2170 2190
0.80 1900 2100 2140 2360
0.90 1850 2050 2100 2320
1.00 1800 2000 2060 2280
1.10 1780 1980 2030 2240
1.20 1750 1950 2000 2210
1.40 1700 1900 1950 2150
1.60 1650 1850 1900 2100
1.80 1620 1820 1860 2060
2.00 1600 1800 1820 2020
2.20 1580 1780 1790 1990
2.50 1550 1750 1750 1950
2.80 1520 1720 1710 1900
3.00 1500 1700 1690 1880
3.50 1450 1620 1640 1830
4.00 1400 1580 1600 1780
4.50 1380 1550 1560 1740
5.00 1350 1520 1520 1700
5.50 1320 1500 1500 1680
6.00 1300 1480 1480 1660
7.00 1280 1450 1450 1630
8.00 1250 1430 1430 1610
9.00 1220 1400 1410 1590

10.00 1200 1380 1400 1580
11.00 1180 1350 1380 1560
12.00 1150 1320 1360 1540
14.00 1120 1300 1340 1520
16.00 1120 1300 1320 1500

A Tensile strength values for intermediate diameters shall be interpolated.
B Preferred sizes. For a complete list, refer to ANSI B32.4M , Preferred Metric

Sizes for Round, Square, Rectangle, and Hexagon Metal Products.

TABLE 2 Tensile Requirements, Inch-Pound Units

Diameter,A in.

Class I Class II

Tensile Strength, ksi† Tensile Strength, ksi

min max min max

0.020 293 323 324 354
0.023 289 319 320 350
0.026 286 316 317 347
0.029 283 313 314 344
0.032 280 310 311 341
0.035 274 304 305 335
0.041 266 296 297 327
0.048 259 289 290 320
0.054 253 283 284 314
0.062 247 277 278 308
0.072 241 271 272 302
0.080 235 265 266 296
0.092 230 260 261 291
0.106 225 255 256 286
0.120 220 250 251 281
0.135 215 240 241 266
0.148 210 235 236 261
0.162 205 230 231 256
0.177 200 225 226 251
0.192 195 220 221 246
0.207 190 215 216 241
0.225 188 213 214 239
0.244 187 212 213 238
0.250 185 210 211 236
0.312 183 208 209 234
0.375 180 205 206 231
0.438 175 200 201 226
0.500 170 195 196 221
0.562 165 190 191 216
0.625 165 190 191 216

A Tensile strength values for intermediate diameters shall be interpolated.

TABLE 3 Chemical Requirements

Element Composition, %

Carbon 0.55–0.85
Manganese 0.30–1.20A

Phosphorus, max 0.040
Sulfur, max 0.050
Silicon 0.15–0.35

A Generally 0.80/1.20 % manganese for diameter 5.00 mm or 0.192 in. and
larger; 0.30/0.90 % for diameters less than 5.00 mm or 0.192 in. The choice of
composition shall be optional with the manufacturer unless the purchaser definitely
specifies otherwise.
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8.1.4 Test Method—The tension test shall be made in
accordance with Test Methods and Definitions A 370.

8.2 Wrap Test:
8.2.1 Requirements—Wire 4.00 mm or 0.162 in. and

smaller in diameter shall wind on itself as an arbor without
breakage. Larger diameter wire, up to and including 8.00 mm
or 0.312 in. shall wind, without breakage, on a mandrel twice
the wire diameter. Wrap test on wires over 8.00 mm or 0.312
in. diameter is not applicable.

8.2.2 Number of Tests—One test specimen shall be taken for
each ten coils, or fraction thereof, in a lot. Each cast or heat in
a given lot shall be tested.

8.2.3 Location of Test—Test specimens shall be taken from
either end of the coil.

8.2.4 Test Method—The wrap test shall be made in accor-
dance with Test Methods and Definitions A 370, Supplement
IV.

9. Metallurgical Requirements

9.1 Surface Condition—The surface of the wire as-received
shall be free of rust, excessive scale die marks, pits and
scratches detrimental to the end application. Seams shall not
exceed 3.5 % of the wire diameter or 0.25 mm [0.010 in.],
whichever is less.

9.1.1 Location of Test—Test specimens shall be taken from
either or both ends of the coil.

9.2 Microstructure—A longitudinal section of the wire shall
show a fine, homogeneous, tempered martensite structure.

9.3 Decarburization:
9.3.1 The maximum depth of decarburization (free ferrite

plus partial decarburization) shall not exceed 2 % of the wire
diameter or 0.15 mm [0.006 in.] whichever is less. The depth
of complete decarburization (free ferrite shall not exceed
0.75 % of the wire diameter.

9.3.2 Test Method—Decarburization shall be determined by
etching a suitably polished transverse section of wire with
nital. The entire periphery to be examined should be in a single
plane with no edge rounding.

9.3.3 The entire periphery shall be examined at a magnifi-
cation of no less than 1003 for depth of free ferrite and
maximum affected depth. Smaller wire sizes may require
higher magnification. Measure the worst area present exclud-
ing decarburization associated with seams or other surface
imperfections. Complete decarburization exists when only free
ferrite is present. Partial decarburization exists when ferrite is
found mixed with pearlite or tempered martensite. Structures
of 100 % martensite shall be defined as not decarburized.

10. Dimensions and Permissible Variations

10.1 The permissible variations in the diameter of the wire
shall be as specified in Table 4 or Table 5.

11. Workmanship and Appearance

11.1 The wire shall be uniform in quality and temper and
shall not be wavy or crooked.

11.2 Each coil shall be one continuous length of wire,
properly coiled and firmly tied. Welds made prior to cold
drawing are permitted.

12. Retests

12.1 If any test specimen exhibits obvious defects or shows
the presence of a weld, it may be discarded and another
specimen substituted.

13. Inspection

13.1 Unless otherwise specified in the contract or purchase
order, the manufacturer is responsible for the performance of
all inspection and test requirements specified in this specifica-
tion. 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 prescribed
requirements.

14. Rejection and Rehearing

14.1 Unless otherwise specified, any rejection based on tests
made in accordance with this specification shall be reported to
the manufacturer as soon as possible so that an investigation
may be initiated.

14.2 The material shall be adequately protected and cor-
rectly identified in order that the manufacturer may make a
proper investigation.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s or supplier’s certification shall be furnished to
the purchaser that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

TABLE 4 Permissible Variations in Wire Diameter, SI Units A

Diameter, mm
Permissible

Variations, plus and
minus, mm

Permissible Out-of
Round, mm

To 0.70, incl 0.02 0.02
Over 0.70 to 2.00, incl 0.03 0.03
2.00 to 9.00, incl 0.05 0.05
Over 9.00 0.08 0.08

A For purposes of determining conformance with this specification, all specified
limits are absolute as defined in Practice E 29.

TABLE 5 Permissible Variations in Wire Diameter, Inch-Pound
Units A

Diameter, in. Permissible
Variations, plus
and minus, in.

Permissible Out-
of-Round, in.

0.020 to 0.028, incl 0.0008 0.0008
Over 0.028 to 0.075, incl 0.001 0.001
Over 0.075 to 0.375, incl 0.002 0.002
Over 0.375 0.003 0.003
A For purposes of determining conformance with this specification, all specified

limits are absolute as defined in Practice E 29.
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15.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

16. Packaging, Marking, and Loading for Shipment

16.1 The coil mass, dimensions, and the method of packag-
ing shall be agreed upon between the manufacturer and
purchaser.

16.2 A tag shall be securely attached to each coil of wire
with identifying information as agreed upon by the purchaser
and manufacturer.

16.3 Unless otherwise specified in the purchaser’s order,
packaging, marking, and loading for shipments shall be in
accordance with those procedures recommended by Practices
A 700.

16.4 For Government Procurement—Packaging, packing,
and marking of material for military procurement shall be in
accordance with the requirements of MIL-STD-163, Level A,
Level C, or commercial as specified in the contract or purchase
order. Marking for shipment of material for civil agencies shall
be in accordance with Fed. Std. No. 123.

16.5 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG Standard 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

17. Keywords

17.1 oil-tempered; springs; wire

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: A 230/A 230M – 99

Standard Specification for
Steel Wire, Oil-Tempered Carbon Valve Spring Quality 1

This standard is issued under the fixed designation A 230/A 230M; 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 highest quality of round
carbon steel spring wire, uniform in quality and temper,
intended especially for the manufacture of valve springs and
other springs requiring high-fatigue properties.

1.2 The values stated in either SI (metric) units or inch-
pound units are to be regarded separately as standard. The
values stated in each system are not exact equivalents; there-
fore, each system must be used independent of the other.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 510 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel2

A 510M Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel [Metric]2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

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

2.2 ANSI Standard:
B 32.4M Preferred Metric Sizes for Round, Square, Rec-

tangle, and Hexagon Metal Products5

2.3 Military Standard:
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage6

2.4 Federal Standard:
FED STD No. 123 Marking for Shipment (Civil Agencies)6

2.5 AIAG Standard:
AIAGB-5 02.00 Primary Metals Identification Tag Applica-

tion Standard7

3. Ordering Information

3.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
either Specification A 510 or A 510M.

3.2 Orders for material under this specification should
include the following information for each ordered item:

3.2.1 Quantity (mass or weight),
3.2.2 Name of material (oil-tempered carbon steel valve

spring quality wire),
3.2.3 Dimensions (Section 8),
3.2.4 Chemical composition (Table 1), if required,
3.2.5 Packaging (Section 14),
3.2.6 Cast or heat analysis report, if desired (see 5.2),
3.2.7 Certification or test report, or both, if specified (Sec-

tion 13), and
3.2.8 ASTM designation and date of issue.

NOTE 1—A typical metric ordering description is as follows: 20 000 kg
oil-tempered carbon steel valve spring quality wire, 6.00 mm diameter in
125-kg coils to ASTM A 230M dated _____, or for inch-pound units,
40 000 lb oil-tempered carbon steel valve spring quality wire, 0.250 in.
diameter in 350-lb coils to ASTM A 230 dated _____.

4. Materials and Manufacture

4.1 The steel may be made by any commercially accepted
steel-making process. The steel may be either ingot cast or
strand cast.

4.2 The finished wire shall be free of detrimental pipe and
undue segregation.

4.3 The wire shall be hardened and tempered to produce the
desired mechanical properties.

5. Chemical Composition

5.1 The steel shall conform to the requirements for chemical
composition prescribed in Table 1.

5.2 Cast or Heat Analysis—Each cast or heat of steel shall
be analyzed by the manufacturer to determine the percentage of

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 10, 1999. Published May 1999. Originally
published as A 230 – 39 T. Last previous edition A 230/A 230M – 96e1.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Available from American National Standards Institute, 11 West 42nd Street,

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.

7 Available from the Automotive Industry Action Group, 26200 Lahser, Suite
200, Southfield, MI 48034.
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elements prescribed in Table 1. This analysis shall be made
from a test specimen preferably taken during the pouring of the
cast or heat. When requested, this shall be reported to the
purchaser and shall conform to the requirements of Table 1.

5.3 Product Analysis—An analysis may be made by the
purchaser from finished wire representing each cast or heat of
steel. The chemical composition thus determined, as to ele-
ments required or restricted, shall conform to the product
analysis requirements specified in Table 10 of Specification
A 510 or A 510M.

5.4 For referee purposes, Test Methods, Practices, and
Terminology A 751 shall be used.

6. Mechanical Properties

6.1 Tension Test:
6.1.1 Requirements—The material as represented by tension

test specimens shall conform to the requirements prescribed in
Table 2 or Table 3.

6.1.2 Number of Tests—One test specimen shall be taken for
each five coils, or fraction thereof, in a lot. Each cast or heat in
a given lot shall be tested.

6.1.3 Location of Tests—Test specimens shall be taken from
either end of the coil.

6.1.4 Test Method—The tension test shall be made in
accordance with Test Methods and Definitions A 370.

6.2 Wrap Test:
6.2.1 Requirements—Wire 4.00 mm or 0.162 in. and

smaller in diameter shall wind on itself as an arbor without
breakage. Larger diameter wire, up to and including 6.50 mm
or 0.250 in., shall wind, without breakage, on a mandrel twice
the diameter of the wire.

6.2.2 Number of Tests—One test specimen shall be taken for
each five coils, or fraction thereof, in a lot. Each cast or heat in
a given lot shall be tested.

6.2.3 Location of Test—Test specimens shall be taken from
either end of the coil.

6.2.4 Test Method—The wrap test shall be made in accor-
dance with Test Methods and Definitions A 370, Supplement
IV.

6.3 Twist Test—A 250 mm (10 in.) specimen of wire slowly
twisted four revolutions in one direction and then twisted in the
other direction until failure shall show a square break normal to
the axis of the wire without splits or cracks.

6.4 Special Surface Inspection—When specified, the entire
length of every coil used by engine valve spring manufacturers
shall be inspected for surface imperfections with a magnetic
and/or eddy current defect analyzer or equivalent.

7. Metallurgical Properties

7.1 Decarburization:
7.1.1 Requirements—Transverse sections of the wire prop-

erly mounted, polished and etched shall show no completely
decarburized (carbon free) areas when examined at 1003
magnification. Partial decarburization shall not exceed a depth
of 0.025 mm (0.001 in.) on wire 4.90 mm (0.192 in.) and
smaller or 0.038 mm (0.0015 in.) on wire larger than 4.90 mm
(0.192 in.). Measure the worst area present excluding decar-
burization associated with seams or other surface imperfec-
tions. Complete decarburization exists when only free ferrite is
present. Partial decarburization exists when ferrite is found
mixed with pearlite or tempered martensite. Structures of
100 % tempered martensite shall be defined as not decarbur-
ized.

7.1.2 Number of Tests—One test specimen shall be taken for
each five coils, or fraction thereof, in a lot.

7.1.3 Location of Tests—Test specimens may be taken from
either end of the coil.

7.2 Surface Condition:
7.2.1 The surface shall be smooth and free of defects such as

seams, pits, die marks, and other defects tending to impair the
fatigue value of the springs. Any additional surface require-
ments must be negotiated at the time of entry of the order.

7.2.2 Number of Tests—One test specimen from each end of
every coil shall be tested for conformance to the provisions
of7.2.1.

7.2.3 Test Method—The surface shall be examined after
etching in a solution of equal parts of hydrochloric acid and
water that has been heated to approximately 80°C for a
sufficient length of time to remove up to approximately 1 % of
the diameter of the wire. Examination shall be made using 103
magnification.

7.3 Microstructure—A longitudinal section shall show a
fine homogeneous tempered martensitic structure.

TABLE 1 Chemical Requirements

Element Composition, %

Carbon 0.60–0.75A

Manganese 0.60–0.90A

Phosphorus, max 0.025
Sulfur, max 0.030
Silicon 0.15–0.35

A Carbon and manganese may be varied by the manufacturer at his discretion,
provided the mechanical properties specified are maintained and provided the
purchaser does not specifically stipulate otherwise.

TABLE 2 Tensile Requirements, SI Units

Diameter, mm Tensile Strength, MPa Reduction of
Areas, min, %A

min max

Less than 1.50 1700 1850 . . .
1.50 to 2.50, incl 1650 1800 . . .
Over 2.50 to 3.50, incl 1600 1750 40
Over 3.50 to 4.00, incl 1580 1720 40
Over 4.00 to 4.80, incl 1550 1700 40
Over 4.80 to 5.50, incl 1520 1680 40
Over 5.50 to 6.50, incl 1500 1650 40
Over 6.50 1450 1600 40
A The reduction of area test is not applicable to wire diameters under 2.34 mm.

TABLE 3 Tensile Requirements, Inch-Pound Units

Diameter, in.
Tensile Strength, ksi Reduction of

Area, min, %A
min max

Less than 0.062 245 265 . . .
0.062 to 0.092, incl 240 260 . . .
Over 0.092 to 0.128, incl 235 255 40
Over 0.128 to 0.162, incl 230 250 40
Over 0.162 to 0.192, incl 225 245 40
Over 0.192 to 0.225, incl 220 240 40
Over 0.225 to 0.250, incl 215 235 40
Over 0.250 210 230 40

A The reduction of area test is not applicable to wire diameters under 0.092 in.
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8. Dimensions and Permissible Variations

8.1 The permissible variations in the diameter of the wire
shall be as specified in Table 4 or Table 5. The preferred wire
diameters are listed in Table 6.

8.2 Number of Tests—One test specimen from each end of
the coil shall be tested for conformance (see 8.1).

9. Workmanship and Appearance

9.1 The wire shall be uniform in quality and temper and
shall not be wavy or crooked.

9.2 Each coil shall be one continuous length of wire,
properly coiled, and firmly tied.

9.3 No welds are permitted in the finished product and any
welds made during processing must be removed.

10. Retests

10.1 If any test specimen exhibits obvious defects or shows
the presence of a weld, it may be discarded and another
specimen substituted.

11. Inspection

11.1 Unless otherwise specified in the contract or purchase
order, the manufacturer is responsible for the performance of
all inspection and test requirements specified in this specifica-
tion. 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 prescribed
requirements.

12. Rejection and Rehearing

12.1 Unless otherwise specified, any rejection based on tests
made in accordance with this specification shall be reported to
the manufacturer as soon as possible so that an investigation
may be initiated.

12.2 The material must be adequately protected and cor-
rectly identified in order that the manufacturer may make a
proper investigation.

13. Certification

13.1 When specified in the purchase order or contract, a
manufacturer’s or supplier’s certification shall be furnished to

the purchaser that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

13.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

14. Packaging, Marking, and Loading for Shipment
14.1 The coil mass, dimensions, and the method of packag-

ing shall be as agreed upon between the manufacturer and
purchaser.

14.2 The size of the wire, purchaser’s order number, ASTM
specification number, heat number, and name or mark of the
manufacturer shall be marked on a tag securely attached to
each coil of wire.

14.3 Unless otherwise specified in the purchaser’s order,
packaging, marking, and loading for shipments shall be in
accordance with those procedures recommended by Practices
A 700.

14.4 For Government Procurement—Packaging, packing,
and marking of material for military procurement shall be in
accordance with the requirements of MIL-STD-163, Level A,
Level C, or commercial as specified in the contract or purchase
order. Marking for shipment of material for civil agencies shall
be in accordance with Fed. Std. No. 123.

14.5 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG B-5 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

15. Keywords
15.1 carbon; oil-tempered; valve spring; wire

TABLE 4 Permissible Variations in Wire Diameter, SI Units A

Diameter, mm
Permissible Variations,

plus and minus, mm
Permissible Out-of

Round, mm

Less than 1.50 0.01 0.01
1.50 to 2.50, incl 0.02 0.02
Over 2.50 to 3.50, incl 0.03 0.03
3.50 to 4.50, incl 0.04 0.04
Over 4.50 0.05 0.05

A For purposes of determining conformance with this specification, all specified
limits are absolute as defined in Practice E 29.

TABLE 5 Permissible Variations in Wire Diameter, Inch-Pound
Units A

Diameter, in.
Permissible Variations,

plus and minus, in.
Permissible Out-of-

Round, in.

Less than 0.062 0.0005 0.0005
0.062 to 0.092, incl 0.0008 0.0008
Over 0.092 to 0.148, incl 0.001 0.001
Over 0.148 to 0.177, incl 0.0015 0.0015
Over 0.177 0.002 0.002

A For purposes of determining conformance with this specification, all specified
limits are absolute as defined in Practice E 29.

TABLE 6 Preferred Diameters for Steel Wire, A mm

1.6 2.8 4.5
1.8 3.0 4.8
2.1 3.2 5.0
2.2 3.5 5.5
2.4 3.8 6.0
2.5 4.0 6.5
2.6 4.2

AFor a complete list of preferred sizes, refer to ANSI B 32.4M, Preferred Metric
Sizes for Round, Square, Rectangle, and Hexagon Metal Products.
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Designation: A 231/A231M – 96 (Reapproved 2002)

Standard Specification for
Chromium-Vanadium Alloy Steel Spring Wire 1

This standard is issued under the fixed designation A 231/A231M; 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 round chromium-vanadium
alloy steel spring wire having properties and quality intended
for the manufacture of springs used at moderately elevated
temperatures. This wire shall be either in the annealed and
cold-drawn or oil-tempered condition as specified by the
purchaser.

1.2 The values stated in either SI (metric) units or inch-
pound units are to be regarded separately as standard. The
values stated in each system are not exact equivalents; there-
fore, each system must be used independent of the other.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

A 752 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Alloy Steel2

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

2.2 ANSI Standard:
B 32.4M Preferred Metric Sizes for Round, Square, Rect-

angle, and Hexagon Metal Products5

2.3 Military Standard:
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage6

2.4 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)6

2.5 AIAG Standard:
AIAGB-5 02.00 Primary Metals Identification Tag Applica-

tion Standard7

3. Ordering Information

3.1 Orders for material under this specification should
include the following information for each ordered item:

3.1.1 Quantity (mass),
3.1.2 Name of material (chromium-vanadium alloy steel

wire),
3.1.3 Wire diameter (Table 1 and Table 2),
3.1.4 Packaging (Section 14),
3.1.5 Cast or heat analysis report (if requested) (5.2),
3.1.6 Certification or test report, or both, if specified (Sec-

tion 13), and
3.1.7 ASTM designation and date of issue.

NOTE 1—A typical ordering description is as follows: 20 000 kg
oil-tempered chromium-vanadium alloy steel wire, size 6.00 mm in
150-kg coils to ASTM A 231M dated_______ , or for inch-pound units,
40 000 lb oil-tempered chromium-vanadium alloy steel spring wire, size
0.250 in. in 350-lb coils to ASTM A 231 dated_______.

4. Materials and Manufacture

4.1 The steel may be made by any commercially accepted
steel–making process. The steel may be either ingot cast or
strand cast.

4.2 The finished wire shall be free from detrimental pipe
and undue segregation.

5. Chemical Composition

5.1 The steel shall conform to the requirements as to
chemical composition specified in Table 3.

5.2 Cast or Heat Analysis—Each cast or heat of steel shall
be analyzed by the manufacturer to determine the percentage of
elements prescribed in Table 3. This analysis shall be made
from a test specimen preferably taken during the pouring of the
cast or heat. When requested, this shall be reported to the
purchaser and shall conform to the requirements of Table 3.

5.3 Product Analysis( formerly Check Analysis)—An
analysis may be made by the purchaser from finished wire

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 10, 1996. Published May 1996. Originally
published as A 230 – 39 T. Last previous edition A 231/A 231M – 93.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Available from American National Standards Institute, 11 West 42nd Street,

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.

7 Available from the Automotive Industry Action Group, 26200 Lahser, Suite
200, Southfield, MI 48034.
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representing each cast or heat of steel. The chemical compo-
sition thus determined, as to elements required or restricted,
shall conform to the product (check) analysis requirements
specified in Table 5 of Specification A 752.

5.4 For referee purposes, Test Methods, Practices, and
Terminology A 751 shall be used.

6. Mechanical Properties

6.1 Annealed and Cold Drawn—When purchased in the
annealed and cold-drawn condition, the wire shall have been
given a sufficient amount of cold working to meet the purchas-
er’s coiling requirements and shall be in a suitable condition to
respond properly to heat treatment. In special cases the
hardness, if desired, shall be stated in the purchase order.

6.2 Oil Tempered—When purchased in the oil-tempered
condition, the tensile strength and minimum percent reduction
of area, sizes 2.50 mm or 0.105 in. and coarser, of the wire
shall conform to the requirements as shown in Table 1 or Table
2.

6.2.1 Number of Tests—One test specimen shall be taken for
each ten coils, or fraction thereof, in a lot. Each cast or heat in
a given lot shall be tested.

6.2.2 Location of Tests—Test specimens shall be taken from
either end of the coil.

6.2.3 Test Method—The tension test shall be made in
accordance with Test Methods and Definitions A 370.

6.3 Wrap Test:
6.3.1 Oil tempered or cold drawn wire 4.00 mm or 0.162 in.

and smaller in diameter shall wind on itself as an arbor without
breakage. Larger diameter wire up to and including 8.00 mm or
0.312 in. in diameter shall wrap without breakage on a mandrel
twice the wire diameter. The wrap test is not applicable to wire
over 8.00 mm or 0.312 in. in diameter.

6.3.2 Number of Tests—One test specimen shall be taken for
each ten coils, or fraction thereof, in a lot. Each cast or heat in
a given lot shall be tested.

6.3.3 Location of Test—Test specimens shall be taken from
either end of the coil.

6.3.4 Test Method—The wrap test shall be made in accor-
dance with Supplement IV of Test Methods and Definitions
A 370.

7. Metallurgical Properties

7.1 Surface Condition:
7.1.1 The surface of the wire as received shall be free of rust

and excessive scale. No serious die marks, scratches, or seams
may be present. Based upon examination of etched end
specimen, seams shall not exceed 3.5 % of the wire diameter,
or 0.25 mm or 0.010 in., whichever is the smaller as measured
on a transverse section.

7.1.2 Number of Tests—One test specimen shall be taken for
each ten coils, or fraction thereof, in a lot. Each cast or heat in
a given lot shall be tested.

7.1.3 Location of Test—Test specimens shall be taken from
either or both ends of the coil.

TABLE 1 Tensile Requirements, SI Units A

Diameter,B mm
Tensile Strength, MPa Reduction of Areas,

min, %
min max

0.50 2060 2260 C

0.55 2050 2240 C

0.60 2030 2220 C

0.65 2010 2200 C

0.70 2000 2160 C

0.80 1980 2140 C

0.90 1960 2120 C

1.00 1940 2100 C

1.10 1920 2080 C

1.20 1900 2060 C

1.40 1860 2020 C

1.60 1820 1980 C

1.80 1800 1960 C

2.00 1780 1930 C

2.20 1750 1900 C

2.50 1720 1860 45
2.80 1680 1830 45
3.00 1660 1800 45
3.50 1620 1760 45
4.00 1580 1720 40
4.50 1560 1680 40
5.00 1520 1640 40
5.50 1480 1620 40
6.00 1460 1600 40
6.50 1440 1580 40
7.00 1420 1560 40
8.00 1400 1540 40
9.00 1380 1520 40

10.00 1360 1500 40
11.00 1340 1480 40
12.00 1320 1460 40

A Tensile strength values for intermediate diameters may be interpolated.
B Preferred sizes. For a complete list, refer to ANSI B 32.4M, Preferred Metric

Sizes for Round, Square, Rectangle, and Hexagon Metal Products.
C The reduction of area test is not applicable to wire diameters under 2.34 mm.

TABLE 2 Tensile Requirements, Inch-Pound Units A

Diameter,B in.
Tensile Strength, ksi Reduction of Area,

min, %
min max

0.020 300 325 C

0.032 290 315 C

0.041 280 305 C

0.054 270 295 C

0.062 265 290 C

0.080 255 275 C

0.105 245 265 45
0.135 235 255 45
0.162 225 245 40
0.192 220 240 40
0.244 210 230 40
0.283 205 225 40
0.312 203 223 40
0.375 200 220 40
0.438 195 215 40
0.500 190 210 40

A Tensile strength values for intermediate diameters may be interpolated.
B Preferred sizes. For a complete list, refer to ANSI B 32.4M, Preferred Metric

Sizes for Round, Square, Rectangle, and Hexagon Metal Products.
C The reduction of area test is not applicable to wire diameters under 0.092 in.

TABLE 3 Chemical Requirements

Element Analysis, %

Carbon 0.48–0.53
Manganese 0.70–0.90
Phosphorus 0.040 max
Sulfur 0.040 max
Silicon 0.15–0.35
Chromium 0.80–1.10
Vanadium 0.15 min

A 231/A231M – 96 (2002)

2



7.1.4 Test Method—The surface shall be examined after
etching in a solution of equal parts of hydrochloric acid and
water that has been heated to approximately 80°C. Test ends
shall be examined using 103 magnification. Any specimen
which shows questionable seams of borderline depth shall have
a transverse section taken from the unetched area, properly
mounted and polished and examined to measure the depth of
the seam.

8. Dimensions and Permissible Variations

8.1 The permissible variations in the diameter of the wire
shall be as specified in Table 4 or Table 5.

9. Workmanship and Appearance

9.1 Annealed and Cold Drawn—The wire shall not be
kinked or improperly cast. To test for cast, a few convolutions
of wire shall be cut loose from the coil and placed on a flat
surface. The wire shall lie flat on itself and not spring up nor
show a wavy condition.

9.2 Oil Tempered—The wire shall be uniform in quality and
temper and shall not be wavy or crooked.

9.3 Each coil shall be one continuous length of wire
properly coiled. Welds made prior to cold drawing are permit-
ted. If unmarked welds are unacceptable to the purchaser,
special arrangements should be made with the manufacturer at
the time of the purchase.

9.4 Appearance—The surface shall be smooth and free of
defects such as seams, pits, die marks, and other defects
tending to impair the use of the wire for springs. Any additional
surface requirements must be negotiated at the time of entry of
the order.

10. Retests

10.1 If any test specimen exhibits obvious defects or shows
the presence of a weld, it may be discarded and another
specimen substituted.

11. Inspection

11.1 Unless otherwise specified in the contract or purchase
order, the manufacturer is responsible for the performance of
all inspection and test requirements specified in this specifica-
tion. 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 prescribed
requirements.

12. Rejection and Rehearing

12.1 Unless otherwise specified, any rejection based on tests
made in accordance with this specification shall be reported to
the manufacturer as soon as possible so that an investigation
may be initiated.

12.2 The material must be adequately protected and cor-
rectly identified in order that the manufacturer may make a
proper investigation.

13. Certification

13.1 When specified in the purchase order or contract, a
manufacturer’s or supplier’s certification shall be furnished to
the purchaser that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

13.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

14. Packaging, Marking, and Loading for Shipment

14.1 The coil mass, dimensions, and the method of packag-
ing shall be as agreed upon between the manufacturer and
purchaser.

14.2 The size of the wire, purchaser’s order number, ASTM
Specification number, heat number, and name or mark of the
manufacturer shall be marked on a tag securely attached to
each coil of wire.

14.3 Unless otherwise specified in the purchaser’s order,
packing, marking, and loading for shipments shall be in
accordance with those procedures recommended by Practices
A 700.

14.4 For Government Procurement:
14.4.1 Packaging, packing, and marking of material for

military procurement shall be in accordance with the require-
ments of MIL-STD-163, Level A, Level C, or commercial as
specified in the contract or purchase order. Marking for
shipment of material for civil agencies shall be in accordance
with Fed. Std. No. 123.

14.5 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG B-5 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

TABLE 4 Permissible Variations in Wire Diameter, SI Units A

Diameter, mm
Permissible

Variations, plus and
minus, mm

Permissible Out-of
Round, mm

To 0.70, incl 0.02 0.02
Over 0.70 to 2.00, incl 0.03 0.03
Over 2.00 to 9.00, incl 0.05 0.05
Over 9.00 0.08 0.08

A For purposes of determining conformance with this specification, all specified
limits are absolute as defined in Practice E 29.

TABLE 5 Permissible Variations in Wire Diameter, Inch-Pound
Units A

Diameter, in.
Permissible

Variations, plus and
minus, in.

Permissible Out-of-
Round, in.

0.020 to 0.028, incl 0.0008 0.0008
Over 0.028 to 0.075, incl 0.001 0.001
Over 0.075 to 0.375, incl 0.002 0.002
Over 0.375 to 0.500, incl 0.003 0.003

A For purposes of determining conformance with this specification, all specified
limits are absolute as defined in Practice E 29.
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15. Keywords
15.1 alloy; chromium-vanadium; spring; wire
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Designation: A 232/A 232M – 99

Standard Specification for
Chromium-Vanadium Alloy Steel Valve Spring Quality Wire 1

This standard is issued under the fixed designation A 232/A 232M; 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 highest quality of round
chromium-vanadium alloy steel valve spring wire, uniform in
quality and temper, intended for the manufacture of valve
springs and other springs requiring high-fatigue properties
when used at moderately elevated temperatures. This wire shall
be either in the annealed and cold-drawn or oil-tempered
condition as specified by the purchaser.

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. Within the text, the
inch-pound units are shown in brackets. The values stated in
each system are not exact equivalents; therefore, each system
must be used independent of the other.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

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

2.2 ANSI Standard:
B 32.4 Preferred Metric Sizes for Round, Square, Rect-

angle, and Hexagon Metal Products5

2.3 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)6

2.4 Military Standard:
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage6

2.5 AIAG Standard:
AIAG B-5 02.00 Primary Metals Identification Tag Appli-

cation Standard7

3. Ordering Information

3.1 Orders for material under this specification should
include the following information for each ordered item:

3.1.1 Quantity (mass),
3.1.2 Name of material (chromium-vanadium alloy steel

valve spring quality wire),
3.1.3 Dimensions (Table 1 and Section 8),
3.1.4 Condition (Section 6),
3.1.5 Packaging (Section 14),
3.1.6 Heat analysis report, if requested (5.2),
3.1.7 Certification or test report, or both, if specified (Sec-

tion 13), and
3.1.8 ASTM designation and year of issue.

NOTE 1—A typical ordering description is as follows: 20 000 kg
oil-tempered chromium-vanadium alloy steel valve spring quality wire,
size 6.00 mm in 150 kg coils to ASTM A 232/A 232M dated , or for
inch-pound units, 40 000 lb oil-tempered chromium-vanadium alloy steel
valve spring quality wire, size 0.250 in. in 350-lb coils to ASTM
A 232/A 232M dated .

4. Materials and Manufacture

4.1 The steel may be made by any commercially accepted
steel making process. The steel may be either ingot cast or
strand cast.

4.2 The finished wire shall be free from detrimental pipe
and undue segregation.

5. Chemical Composition

5.1 The steel shall conform to the requirements for chemical
composition specified in Table 2.

5.2 Heat Analysis—Each heat of steel shall be analyzed by
the manufacturer to determine the percentage of elements
prescribed in Table 2. This analysis shall be made from a test
specimen preferably taken during the pouring of the heat.
When requested, this shall be reported to the purchaser and
shall conform to the requirements of Table 2.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A1.03 on Steel Rod and Wire.

Current edition approved April 10, 1999. Published June 1999. Originally
published as A 232 – 39 T. Last previous edition A 232/A 232M – 96.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Available from the American National Standards Institute, 11 West 42nd Street,

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.

7 Available from the Automotive Industry Action Group, 26200 Lahser, Suite
200, Southfield, MI 48034.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



5.3 Product Analysis—An analysis may be made by the
purchaser from finished wire representing each heat of steel.
The average of all the separate determinations made shall be
within the limits specified in the analysis column. Individual
determinations may vary to the extent shown in the product
analysis tolerance column, except that the several determina-
tions of a single element in any one heat shall not vary both
above and below the specified range.

5.4 For referee purposes, Test Methods, Practices and Ter-
minology A 751 shall be used.

6. Mechanical Properties

6.1 Annealed and Cold-Drawn—When purchased in the
annealed and cold-drawn condition, the wire shall have been
given a sufficient amount of cold working to meet the purchas-
er’s coiling requirements and shall be in a suitable condition to
respond properly to heat treatment. In special cases the
hardness, if desired, shall be stated in the purchase order.

6.2 Oil Tempered—When purchased in the oil-tempered
condition, the tensile strength and minimum percent reduction
of area, sizes 2.50 mm [0.105 in.] and coarser, of the wire shall
conform to the requirements prescribed in Table 1.

6.2.1 Number of Tests—One test specimen shall be taken for
each five coils, or fraction thereof, in a lot. Each heat in a given
lot shall be tested.

6.2.2 Location of Tests—Test specimens shall be taken from
either end of the coil.

6.2.3 Test Method—The tension test shall be made in
accordance with Test Methods and Definitions A 370.

6.3 Wrap Test:
6.3.1 Oil-tempered or cold-drawn wire 4.00 mm [0.162 in.]

and smaller in diameter shall wind on itself as an arbor without
breakage. Larger diameter wire up to and including 8.00 mm
[0.312 in.] in diameter shall wrap without breakage on a
mandrel twice the wire diameter. The wrap test is not appli-
cable to wire over 8.00 mm in diameter.

6.3.2 Number of Tests—One test specimen shall be taken for
each five coils, or fraction thereof, in a lot. Each heat in a given
lot shall be tested.

6.3.3 Location of Test—Test specimens shall be taken from
either end of the coil.

6.3.4 Test Method—The wrap test shall be made in accor-
dance with Test Methods and Definitions A 370.

6.4 Special Surface Inspection—When specified, the entire
length of every coil used by engine valve spring manufacturers
shall be inspected for surface imperfections with a magnetic
and/or eddy current defect analyzer or equivalent.

7. Metallurgical Requirements

7.1 Surface Condition:
7.1.1 The surface of the wire as received shall be free of

imperfections such as pits, die marks, scratches, seams, and
other defects tending to impair the fatigue value of the springs.

7.1.2 Number of Tests—One test specimen shall be taken
from each end of every coil.

7.1.3 Test Method—The surface shall be examined after
etching in a solution of equal parts of hydrochloric acid and
water that has been heated to approximately 80°C for a

TABLE 1 Tensile Requirements A

SI Units

Diameter,B mm MPa, min MPa, max
Reduction
of Area,
min, %

0.50 2060 2260 C

0.55 2050 2240 C

0.60 2030 2220 C

0.65 2010 2200 C

0.70 2000 2160 C

0.80 1980 2140 C

0.90 1960 2120 C

1.00 1940 2100 C

1.10 1920 2080 C

1.20 1900 2060 C

1.40 1860 2020 C

1.60 1820 1980 C

1.80 1800 1960 C

2.00 1780 1930 C

2.20 1750 1900 C

2.50 1720 1860 45
2.80 1680 1830 45
3.00 1660 1800 45
3.50 1620 1760 45
4.00 1580 1720 40
4.50 1560 1680 40
5.00 1520 1640 40
5.50 1480 1620 40
6.00 1460 1600 40
6.50 1440 1580 40
7.00 1420 1560 40
8.00 1400 1540 40
9.00 1380 1520 40

10.00 1360 1500 40
11.00 1340 1480 40
12.00 1320 1460 40

Inch-Pound Units

Diameter, in. ksi, min ksi, max
Reduction
of Area,
min, %

0.020 300 325 C

0.032 290 315 C

0.041 280 305 C

0.054 270 295 C

0.062 265 290 C

0.080 255 275 C

0.105 245 265 45
0.135 235 255 45
0.162 225 245 40
0.192 220 240 40
0.244 210 230 40
0.283 205 225 40
0.312 203 223 40
0.375 200 220 40
0.438 195 215 40
0.500 190 210 40

A Tensile strength values for intermediate diameters may be interpolated.
B Preferred sizes. For a complete list, refer to ANSI B32.4.
C The reduction of area test is not applicable to wire diameters under 0.092 in.

[2.34 mm].

TABLE 2 Chemical Requirements

Analysis, %
Product
Analysis

Tolerance, %

Carbon 0.48–0.53 60.02
Manganese 0.70–0.90 60.03
Phosphorus 0.020 max +0.005
Sulfur 0.035 max +0.005
Silicon 0.15–0.35 60.02
Chromium 0.80–1.10 60.05
Vanadium 0.15 min −0.01
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sufficient length of time to remove up to approximately 1 % of
the diameter of the wire. Test ends shall be examined using
103 magnification.

7.2 Decarburization:
7.2.1 Transverse sections of the wire properly mounted,

polished, and etched shall show no completely decarburized
(carbon-free) areas when examined at 1003 magnification.
Partial decarburization shall not exceed a depth of 0.025 mm
[0.001 in.] on wire 5.00 mm [0.192 in.] and smaller or 0.038
mm [0.0015 in.] on larger than 5.00 mm [0.192 in.]. Measure
the worst area present excluding decarburization associated
with seams or other surface imperfections. Complete decarbur-
ization exists when only free ferrite is present. Partial decar-
burization exists when ferrite is found mixed with pearlite or
tempered martensite. Structures of 100 % tempered martensite
shall be defined as not decarburized.

7.2.2 To reveal the decarburization more accurately in the
untempered wire, the specimen shall be hardened and tempered
before microscopical examination. Prior to hardening, the
specimen shall be filed flat on one side enough to reduce the
diameter at least 20 %. The subsequent mounted specimen
shall show the flattened section, as well as the original wire
edge. Any decarburization on this flattened section shall
necessitate a new specimen for examination.

7.2.3 Number of Tests—One test specimen shall be taken for
each five coils, or fraction thereof, in a lot. Each in a given lot
shall be tested.

7.2.4 Location of Tests—Test specimens may be taken from
either end of the coil.

7.3 Microstructure—A longitudinal section shall show a
fine homogeneous tempered martensitic structure.

8. Dimensions and Permissible Variations

8.1 The permissible variations in the diameter of the wire
shall be as specified in Table 3.

8.2 Number of Tests—One test specimen shall be taken from
each end of every coil.

9. Workmanship, Finish, and Appearance

9.1 Annealed and Cold Drawn—The wire shall not be
kinked or improperly cast. To test for cast, a few convolutions
of wire shall be cut loose from the coil and placed on a flat
surface. The wire shall lie substantially flat on itself and not
spring up nor show a wavy condition.

9.2 Oil Tempered—The wire shall be uniform in quality and
temper and shall not be wavy or crooked.

9.3 Each coil shall be one continuous length of wire
properly coiled and firmly tied.

9.4 No welds are permitted in the finished product and any
welds made during processing must be removed.

10. Retests

10.1 If any test specimen exhibits obvious defects it may be
discarded and another specimen substituted.

11. Inspection

11.1 Unless otherwise specified in the contract or purchase
order, the manufacturer is responsible for the performance of
all inspection and test requirements specified in this specifica-
tion. 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 prescribed
requirements.

12. Rejection and Rehearing

12.1 Unless otherwise specified, any rejection based on tests
made in accordance with these specifications shall be reported
to the manufacturer as soon as possible so that an investigation
may be initiated.

12.2 The material must be adequately protected and cor-
rectly identified in order that the manufacturer may make a
proper investigation.

13. Certification

13.1 When specified in the purchase order or contract, a
manufacturer’s or supplier’s certification shall be furnished to
the purchaser that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

13.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

14. Packaging, Marking, and Loading for Shipment

14.1 The coil mass, dimensions, and the method of packag-
ing shall be agreed upon between the manufacturer and
purchaser.

14.2 The size of the wire, purchaser’s order number, ASTM
specification number, heat number, and name or mark of the
manufacturer shall be marked on a tag securely attached to
each coil of wire.

TABLE 3 Permissible Variations in Wire Diameter A

SI Units

Diameter, mm

Permissible
Variations,
plus and

minus, mm

Permissible
Out-of-Round,

mm

to 2.0, incl 0.02 0.02
Over 2.0 to 4.00, incl 0.03 0.03
Over 4.00 to 9.00, incl 0.04 0.04
Over 9.00 0.05 0.05

Inch-Pound Units

Permissible Permissible
Diameter, in. Variations, Out-of-Round,

plus and in.
minus, in.

0.020 to 0.075, incl 0.0008 0.0008
Over 0.075 to 0.148, incl 0.001 0.001
Over 0.148 to 0.375, incl 0.0015 0.0015
Over 0.375 to 0.500, incl 0.002 0.002

A For purposes of determining conformance with this specification, all specified
limits are absolute as defined in Practice E 29.
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14.3 Unless otherwise specified in the purchaser’s order,
packaging, marking, and loading for shipments shall be in
accordance with those procedures recommended by Practice
A 700.

14.4 For Government Procurement—Packaging, packing,
and marking of material for military procurement shall be in
accordance with the requirements of MIL-STD-163, Level A,
Level C, or commercial as specified in the contract or purchase
order. Marking for shipment of material for civil agencies shall
be in accordance with Fed. Std. No. 123.

14.5 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG B-5 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

15. Keywords

15.1 alloy; chromium-vanadium; valve spring; wire

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: A 240/A 240M – 04a e1

Standard Specification for
Chromium and Chromium-Nickel Stainless Steel Plate,
Sheet, and Strip for Pressure Vessels and for General
Applications 1

This standard is issued under the fixed designation A 240/A 240M; 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—Tables 1 and 2 were editorially corrected in March 2004.

1. Scope*

1.1 This specification2 covers chromium, chromium-nickel,
and chromium-manganese-nickel stainless steel plate, sheet,
and strip for pressure vessels and for general applications.

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 are not exact equivalents; therefore, each system
must be used independently of the other. Combining values
from the two systems may result in nonconformance with the
specification.

1.3 This specification is expressed in both inch-pound and
SI units. However, unless the order specifies the applicable
“M” specification designation (SI units), the material shall be
furnished in inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:3

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 480/A 480M Specification for General Requirements for
Flat-Rolled Stainless and Heat-Resisting Steel Plate,
Sheet, and Strip

A 923 Test Methods for Detecting Detrimental Intermetallic
Phase in Wrought Duplex Austenitic/Ferritic Stainless
Steels

E 112 Test Methods for Determining Average Grain Size
E 527 Practice for Numbering Metals and Alloys (UNS)
2.2 SAE Standard:

J 1086 Practice for Numbering Metals and Alloys (UNS)4

3. General Requirements

3.1 The following requirements for orders for material
furnished under this specification shall conform to the appli-
cable requirements of the current edition of Specification
A 480/A 480M.

3.1.1 Definitions;
3.1.2 General requirements for delivery;
3.1.3 Ordering information;
3.1.4 Process;
3.1.5 Special tests;
3.1.6 Heat treatment;
3.1.7 Dimensions and permissible variations;
3.1.8 Workmanship, finish and appearance;
3.1.9 Number of tests/test methods;
3.1.10 Specimen preparation;
3.1.11 Retreatment;
3.1.12 Inspection;
3.1.13 Rejection and rehearing;
3.1.14 Material test report;
3.1.15 Certification; and
3.1.16 Packaging, marking, and loading.

4. Chemical Composition

4.1 The steel shall conform to the requirements as to
chemical composition specified in Table 1 and shall conform to
applicable requirements specified in Specification A 480/
A 480M.

5. Mechanical Properties

5.1 The material shall conform to the mechanical properties
specified in Table 2.

5.2 When specified by the purchaser, Charpy impact tests
shall be performed in accordance with Supplementary Require-
ment S1.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat-Rolled and Wrought Stainless Steel.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1940. Last previous edition approved in 2004 as A 240/A 240M – 04.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SA-240 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 Available from Society of Automotive Engineers, 400 Commonwealth Dr.,
Warrendale, PA 15096.

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. Materials for High-Temperature Service

6.1 The austeniticH Types shall conform to an average
grain size of ASTM No. 7 or coarser as measured by Test
Methods E 112.

6.2 Supplementary Requirement S2 shall be invoked when
non-H grade austenitic stainless steels are ordered for ASME
Code applications for service above 1000°F [540°C].

6.3 Grade S31060, unless otherwise specified in the pur-
chase order, shall conform to an average grain size of ASTM
No. 7 or coarser, as measured by Test Methods E 112.
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SUPPLEMENTARY REQUIREMENTS

A supplementary requirement shall apply only when specified in the purchase order.

S1. Charpy Impact Testing of Plate

S1.1 Charpy impact tests shall be conducted in accordance
with Test Methods and Definitions A 370.

S1.2 Number of Tests—One impact test (3 specimens) shall
be made from one plate per heat treatment lot in the final heat
treated condition.

S1.3 Orientation of Test Specimens—Unless specified as
transverse specimens (long axis of the specimen transverse to
the final rolling direction, root of the notch perpendicular to the
rolling face) on the purchase order, the orientation of the
specimens shall be longitudinal (long axis of the specimen
parallel to the final rolling direction, root of the notch perpen-
dicular to the rolling face). The manufacturer is permitted to
test transverse specimens provided that such tests meet the
acceptance criteria applicable to longitudinal specimens. Un-
less otherwise specified on the purchase order, the specimens
shall be taken so as to include the mid-thickness of the product.

S1.4 Test Temperature—The purchaser shall specify the
test temperature. The manufacturer is permitted to test speci-
mens at a temperature lower than that specified by the
purchaser, provided that such tests shall meet the acceptance
criteria applicable to specimens tested at the specified tempera-
ture (see Note ).

NOTE —Test Methods A 923, Method B, applicable to some duplex
(austenitic-ferritic) stainless steels as listed in Test Methods A 923, uses a
Charpy impact test for the purpose of determining the absence of
detrimental intermetallic phases. Method B specifies a test temperature
and acceptance criterion, expressed as impact energy, for each type of

steel covered. It may be economical for the Charpy impact tests performed
on duplex stainless steels covered in both Specification A 240 and Test
Methods A 923 to be performed at the lower of the temperatures specified
by this supplementary requirement and Test Methods A 923 Method B,
with measurement of both lateral expansion and impact energy.

S1.5 Acceptance Limit —Unless otherwise specified on the
purchase order, each of the three specimens tested shall show
a lateral expansion opposite the notch of not less than 0.015 in.
[0.38 mm].

S1.6 Records—The recorded results shall include the
specimen orientation, specimen size, test temperature, ab-
sorbed energy values (if required), and lateral expansion
opposite the notch.

S2. Materials for High-Temperature Service

S2.1 Unless an H grade has been ordered, this supplemen-
tary requirement shall be specified for ASME Code applica-
tions for service above 1000°F [540°C].

S2.2 The user is permitted to use an austenitic stainless
steel as the corresponding H grade when the material meets all
requirements of the H grade including chemistry, annealing
temperature, and grain size (see Section 6).

S2.3 The user is permitted to use an L grade austenitic
stainless steel for service above 1000°F [540°C], subject to the
applicable allowable stress table of the ASME Code, when the
material meets all requirements of this specification and the
grain size is ASTM No. 7 or coarser as determined in
accordance with Test Method E 112. The grain size shall be
reported on a Certified Test Report.

SUMMARY OF CHANGES

This section identifies the location of selected changes to this standard that have been incorporated since the A 240/A 240M-
04 issue. For the convenience of the user, Committee A01 has highlighted those changes that impact the use of this standard.

This section may also include descriptions of changes or reasons for changes, or both. (Approved March 1, 2004.)

(1) Added S31727 to Tables 1 and 2.
(2) Added S32053 to Tables 1 and 2.

(3) Added S32506 to Tables 1 and 2.
(4) Added S39274 to Tables 1 and 2.
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This section identifies the location of selected changes to this standard that have been incorporated since the A 240/A 240M-
03c issue. For the convenience of the user, Committee A01 has highlighted those changes that impact the use of this standard.
This section may also include descriptions of changes or reasons for changes, or both. (Approved Jan. 1, 2004.)

(1) Added new grade, UNS S31060, to Section 6 and Tables 1
and 2.

This section identifies the location of selected changes to this standard that have been incorporated since the A 240/A 240M-
03b issue. For the convenience of the user, Committee A01 has highlighted those changes that impact the use of this standard.
This section may also include descriptions of changes or reasons for changes, or both. (Approved Sept. 10, 2003.)

(1) In Table 2, HBN and HRB for S20100, S30451, and
S30453 were reconciled with those in Specification A 666,
annealed condition.

This section identifies the location of selected changes to this standard that have been incorporated since the A 240/A 240M-
03a issue. For the convenience of the user, Committee A01 has highlighted those changes that impact the use of this standard.
This section may also include descriptions of changes or reasons for changes, or both. (Approved May 10, 2003.)

(1) Added new alloy UNS S31277 to Tables 1 and 2.

This section identifies the location of selected changes to this standard that have been incorporated since the A 240/A 240M-
03 issue. For the convenience of the user, Committee A01 has highlighted those changes that impact the use of this standard.

This section may also include descriptions of changes or reasons for changes, or both. (Approved April 10, 2003.)

(1) Added UNS S32906 to Tables 1 and 2. (2) Added UNS S32101 to Tables 1 and 2.

This section identifies the location of selected changes to this standard that have been incorporated since the A 240/A 240M-
02a issue. For the convenience of the user, Committee A01 has highlighted those changes that impact the use of this standard.

This section may also include descriptions of changes or reasons for changes, or both. (Approved February 10, 2003.)

(1) Added a new duplex stainless steel (S32003) to Tables 1
and 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).
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Designation: A 262 – 02a An American National Standard

Standard Practices for
Detecting Susceptibility to Intergranular Attack in Austenitic
Stainless Steels 1

This standard is issued under the fixed designation A 262; 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 practices cover the following five tests:
1.1.1 Practice A—Oxalic Acid Etch Test for Classification of Etch Structures of Austenitic Stainless Steels (Sections 3 to 7,

inclusive),
1.1.2 Practice B—Ferric Sulfate–Sulfuric Acid Test for Detecting Susceptibility to Intergranular Attack in Austenitic Stainless

Steels (Sections 8 to 14, inclusive),
1.1.3 Practice C—Nitric Acid Test for Detecting Susceptibility to Intergranular Attack in Austenitic Stainless Steels (Sections

15 to 21, inclusive),
1.1.4 Practice E—Copper–Copper Sulfate–Sulfuric Acid Test for Detecting Susceptibility to Intergranular Attack in Austenitic

Stainless Steels (Sections 22 to 31, inclusive), and
1.1.5 Practice F—Copper–Copper Sulfate–50 % Sulfuric Acid Test for Detecting Susceptibility to Intergranular Attack in

Molybdenum-Bearing Cast Austenitic Stainless Steels (Sections 32 to 38, inclusive).
1.2 The following factors govern the application of these practices:
1.2.1 Susceptibility to intergranular attack associated with the precipitation of chromium carbides is readily detected in all six

tests.
1.2.2 Sigma phase in wrought chromium-nickel-molybdenum steels, which may or may not be visible in the microstructure, can

result in high corrosion rates only in nitric acid.
1.2.3 Sigma phase in titanium or columbium stabilized alloys and cast molybdenum-bearing stainless alloys, which may or may

not be visible in the microstructure, can result in high corrosion rates in both the nitric acid and ferric sulfate–sulfuric acid
solutions.

1.3 The oxalic acid etch test is a rapid method of identifying, by simple etching, those specimens of certain stainless steel grades
that are essentially free of susceptibility to intergranular attack associated with chromium carbide precipitates. These specimens
will have low corrosion rates in certain corrosion tests and therefore can be eliminated (screened) from testing as “acceptable.”

1.4 The ferric sulfate–sulfuric acid test, the copper–copper sulfate–50 % sulfuric acid test, and the nitric acid test are based on
weight loss determinations and, thus, provide a quantitative measure of the relative performance of specimens evaluated. In
contrast, the copper–copper sulfate–16 % sulfuric acid test is based on visual examination of bend specimens and, therefore,
classifies the specimens only as acceptable or nonacceptable.

1.5 In most cases either the 24-h copper–copper sulfate–16 % sulfuric acid test or the 120-h ferric sulfate–sulfuric acid test,
combined with the oxalic acid etch test, will provide the required information in the shortest time. All stainless grades listed in
the accompanying table may be evaluated in these combinations of screening and corrosion tests, except those specimens of
molybdenum-bearing grades (for example 316, 316L, 317, and 317L), which represent steel intended for use in nitric acid
environments.

1.6 The 240-h nitric acid test must be applied to stabilized and molybdenum-bearing grades intended for service in nitric acid
and to all stainless steel grades that might be subject to end grain corrosion in nitric acid service.

1.7 Only those stainless steel grades are listed in Table 1 for which data on the application of the oxalic acid etch test and on
their performance in various quantitative evaluation tests are available.

1 These practices are under the jurisdiction of ASTM Committee A01 on Steel, Stainless Steel and Related Alloys and are the direct responsibility of Subcommittee A01.14
on Methods of Corrosion Testing.

Current edition approved June Nov. 10, 2002. Published August December 2002. Originally published as A 262 – 43 T. approved in 1943. Last previous edition approved
in 2002 as A 262 – 012.

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.



1.8 Extensive test results on various types of stainless steels evaluated by these practices have been published in Ref(1).2

1.9 The values stated in SI units are to be regarded as standard. The inch-pound equivalents are in parentheses and may be
approximate.

1.10 This standard does not purport to address all of 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
limitations prior to use.(Specific precautionary statements are given in 5.6, 11.1.1, 11.1.9, and 35.1.)

2. Referenced Documents

2.1 ASTM Standards:3

A 370 Test Methods and Definitions for Mechanical Testing of Steel Products4

2.2 ISO Standard:
ISO 5 3651-2 Determination of Resistance to Intergranular Corrosion of Stainless Steels—Part 2: Ferritic, Austenitic, and

Ferritic-Austenitic (Duplex) Stainless Steels—Corrosion Test in Media Containing Sulfuric Acid5

PRACTICE A—OXALIC ACID ETCH TEST FOR
CLASSIFICATION OF ETCH STRUCTURES OF AUSTENITIC STAINLESS STEELS 2

3. Scope

3.1 The oxalic acid etch test is used for acceptance of material but not for rejection of material. This may be used in connection
with other evaluation tests to provide a rapid method for identifying those specimens that are certain to be free of susceptibility
to rapid intergranular attack in these other tests. Such specimens have low corrosion rates in the various hot acid tests, requiring
from 4 to 240 h of exposure. These specimens are identified by means of their etch structures, which are classified according to
the following criteria:

3.2 The oxalic acid etch test may be used to screen specimens intended for testing in Practice B—Ferric Sulfate–Sulfuric Acid
Test, Practice C—Nitric Acid Test, Practice E—Copper–Copper Sulfate–16 % Sulfuric Acid Test, and Practice F—Copper–Copper
Sulfate–50 % Sulfuric Acid Test.

2 The boldface numbers in parentheses refer to the list of references found at the end of these practices.
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 Standards

volume information, refer to the standard’s Document Summary page on the ASTM website.
4 Annual Book of ASTM Standards, Vol 01.03.
5 Available from International Organization for Standardization (ISO), 1, rue de Varembé, Case postale 56 CH-1211 Geneva 20, Switzerland.

TABLE 1 Application of Evaluation Tests for Detecting Susceptibility to Intergranular Attack in Austenitic Stainless Steels

NOTE 1—For each corrosion test, the types of susceptibility to intergranular attack detected are given along with the grades of stainless steels in which
they may be found. These lists may contain grades of steels in addition to those given in the rectangles. In such cases, the acid corrosion test is applicable,
but not the oxalic acid etch test.

NOTE 2—The oxalic acid etch test may be applied to the grades of stainless steels listed in the rectangles when used in connection with the test indicated
by the arrow.

OXALIC ACID ETCH TEST
↓

↓ ↓ ↓ ↓

AISIA: 304, 304L AISI: 304, 304L, 316, 316L,
317, 317L

AISI: 201, 202, 301, 304,
304L, 304H, 316, 316L,

316H, 317, 317L, 321, 347

ACI: CF-3M, CF-8M,

ACIB: CF-3, CF-8 ACI: CF-3, CF-8, CF-3M,
CF-8M

Nitric Acid TestC (240 h in
boiling solution)

Ferric Sulfate–Sulfuric Acid Test
(120 h in boiling solution)

Copper–Copper Sulfate–
Sulfuric Acid Test (24 h

in boiling solution)

Copper–Copper Sulfate–
50 % Sulfuric Acid

Testing Boiling Solution

Chromium carbide in: 304,
304L, CF-3, CF-8
Chromium carbide and sigma
phase in:D 316, 316L, 317,
317L, 321, 347, CF-3M, CF-
8M
End-grain in: all grades

Chromium carbide in: 304,
304L, 316, 316L, 317, 317L,
CF-3, CF-8
Chromium carbide and sigma
phase in: 321, CF-3M, CF-8ME

Chromium carbide in: 201,
202, 301, 304, 304L, 316,
316L, 317, 317L, 321, 347

Chromium carbide in: CF-3M,
CF-8M

A AISI: American Iron and Steel Institute designations for austenitic stainless steels.
B ACI: Alloy Casting Institute designations.
C The nitric acid test may be also applied to AISI 309, 310, 348, and AISI 410, 430, 446, and ACI CN-7M.
D Must be tested in nitric acid test when destined for service in nitric acid.
E To date, no data have been published on the effect of sigma phase on corrosion of AISI 347 in this test.

A 262 – 02a
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3.2.1 Each practice contains a table showing which classifications of etch structures on a given stainless steel grade are
equivalent to acceptable, or possibly nonacceptable performance in that particular test. Specimens having acceptable etch
structures need not be subjected to the hot acid test. Specimens having nonacceptable etch structures must be tested in the specified
hot acid solution.

3.3 The grades of stainless steels and the hot acid tests for which the oxalic acid etch test is applicable are listed in Table 2.
3.4 Extra-low–carbon grades, and stabilized grades, such as 304L, 316L, 317L, 321, and 347, are tested after sensitizing heat

treatments at 650 to 675°C (1200 to 1250°F), which is the range of maximum carbide precipitation. These sensitizing treatments
must be applied before the specimens are submitted to the oxalic acid etch test. The most commonly used sensitizing treatment
is 1 h at675°C (1250°F).

4. Apparatus

4.1 Source of Direct Current—Battery, generator, or rectifier capable of supplying about 15 V and 20 A.
4.2 Ammeter—Range 0 to 30 A (Note 1).
4.3 Variable Resistance(Note 1).
4.4 Cathode—A cylindrical piece of stainless steel or, preferably, a 1-qt (0.946-L) stainless steel beaker.
4.5 Large Electric Clamp—To hold specimen to be etched.
4.6 Metallurgical Microscope—For examination of etched microstructures at 250 to 500 diameters.
4.7 Electrodes of the Etching Cell— The specimen to be etched is made the anode, and a stainless steel beaker or a piece of

stainless steel as large as the specimen to be etched is made the cathode.
4.8 Electrolyte——Oxalic acid, (H2C2O4·2H2O), reagent grade, 10 weight % solution.

NOTE 1—The variable resistance and the ammeter are placed in the circuit to measure and control the current on the specimen to be etched.

5. Preparation of Test Specimens

5.1 Cutting—Sawing is preferred to shearing, especially on the extra-low–carbon grades. Shearing cold works adjacent metal
and affects the response to subsequent sensitization. Microscopical examination of an etch made on a specimen containing sheared
edges, should be made on metal unaffected by shearing. A convenient specimen size is 25 by 25 mm (1 by 1 in.).

5.2 The intent is to test a specimen representing as nearly as possible the surface of the material as it will be used in service.
Therefore the preferred sample is a cross section including the surface to be exposed in service. Only such surface finishing should
be performed as is required to remove foreign material and obtain a standard, uniform finish as described in 5.3. For very heavy
sections, specimens should be machined to represent the appropriate surface while maintaining reasonable specimen size for
convenient testing. Ordinarily, removal of more material than necessary will have little influence on the test results. However, in
the special case of surface carburization (sometimes encountered, for instance, in tubing or castings when lubricants or binders
containing carbonaceous materials are employed) it may be possible by heavy grinding or machining to completely remove the
carburized surface. Such treatment of test specimens is not permissible, except in tests undertaken to demonstrate such effects.

5.3 Polishing—On all types of materials, cross sectional surfaces should be polished for etching and microscopical examination.
Specimens containing welds should include base plate, weld heat-affected zone, and weld metal. Scale should be removed from
the area to be etched by grinding to an 80- or 120-grit finish on a grinding belt or wheel without excessive heating and then
polishing on successively finer emery papers, No. 1,1⁄2 , 1⁄0 , 2⁄0 , and3⁄0 , or finer. This polishing operation can be carried out in
a relatively short time since all large scratches need not be removed. Whenever practical, a polished area of 1 cm2 or more is
desirable. If any cross-sectional dimension is less than 1 cm, a minimum length of 1 cm should be polished. When the available
length is less than 1 cm, a full cross section should be used.

5.4 Etching Solution—The solution used for etching is prepared by adding 100 g of reagent grade oxalic acid crystals
(H2C2O4·2H2O) to 900 mL of distilled water and stirring until all crystals are dissolved.

5.5 Etching Conditions—The polished specimen should be etched at 1 A/cm2 for 1.5 min. To obtain the correct current density:
5.5.1 The total immersed area of the specimen to be etched should be measured in square centimetres, and
5.5.2 The variable resistance should be adjusted until the ammeter reading in amperes is equal to the total immersed area of the

specimen in square centimetres.
5.6 Etching Precautions:
5.6.1 Caution—Etching should be carried out under a ventilated hood. Gas, which is rapidly evolved at the electrodes with

TABLE 2 Applicability of Etch Test

AISI Grade No. ACI Grade No.

Practice B—Ferric Sulfate–Sulfuric Acid Test 304, 304L, 316, 316L, 317, 317L CF-3, CF-8, CF-3M,CF-8M
Practice C—Nitric Acid Test 304, 304L CF-8, CF-3
Practice E—Copper–Copper Sulfate–16 % Sulfuric Acid
Test

201, 202, 301, 304, 304L, 304H, 316, 316L, 316H, 317, 317L, 321, 347 . . .

Practice F—Copper–Copper Sulfate–50 % Sulfuric Acid
Test

. . . CF-8M, CF-3M

A 262 – 02a
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some entrainment of oxalic acid, is poisonous and irritating to mucous membranes.
5.6.2 A yellow-green film is gradually formed on the cathode. This increases the resistance of the etching cell. When this occurs,

the film should be removed by rinsing the inside of the stainless steel beaker (or the steel used as the cathode) with an acid such
as 30 % HNO3.

5.6.3 The temperature of the etching solution gradually increases during etching. The temperature should be kept below 50°C
by alternating two beakers. One may be cooled in tap water while the other is used for etching. The rate of heating depends on
the total current (ammeter reading) passing through the cell. Therefore, the area etched should be kept as small as possible while
at the same time meeting the requirements of desirable minimum area to be etched.

5.6.4 Immersion of the clamp holding the specimen in the etching solution should be avoided.
5.7 Rinsing—Following etching, the specimen should be thoroughly rinsed in hot water and in acetone or alcohol to avoid

crystallization of oxalic acid on the etched surface during drying.
5.8 On some specimens containing molybdenum (AISI 316, 316L, 317, 317L), which are free of chromium carbide

sensitization, it may be difficult to reveal the presence of step structures by electrolytic etching with oxalic acid. In such cases, an
electrolyte of a 10 % solution of ammonium persulfate, (NH4)2S2O8, may be used in place of oxalic acid. An etch of 5 or 10 min
at 1 A/cm2 in a solution at room temperature readily develops step structures on such specimens.

6. Classification of Etch Structures

6.1 The etched surface is examined on a metallurgical microscope at 2503 to 5003 for wrought steels and at about 2503 for
cast steels.

6.2 The etched cross-sectional areas should be thoroughly examined by complete traverse from inside to outside diameters of
rods and tubes, from face to face on plates, and across all zones such as weld metal, weld-affected zones, and base plates on
specimens containing welds.

6.3 The etch structures are classified into the following types (Note 2):
6.3.1 Step Structure(Fig. 1) —Steps only between grains, no ditches at grain boundaries.
6.3.2 Dual Structure (Fig. 2)—Some ditches at grain boundaries in addition to steps, but no single grain completely surrounded

by ditches.
6.3.3 Ditch Structure(Fig. 3) —One or more grains completely surrounded by ditches.
6.3.4 Isolated Ferrite(Fig. 4) —Observed in castings and welds. Steps between austenite matrix and ferrite pools.
6.3.5 Interdendritic Ditches(Fig. 5)—Observed in castings and welds. Deep interconnected ditches.
6.3.6 End-Grain Pitting I(Fig. 6) —Structure contains a few deep end-grain pits along with some shallow etch pits at 5003.

(Of importance only when nitric acid test is used.)
6.3.7 End-Grain Pitting II(Fig. 7)—Structure contains numerous, deep end-grain pits at 5003. (Of importance only when nitric

acid test is used.)

NOTE 2—All photomicrographs were made with specimens that were etched under standard conditions: 10 % oxalic acid, room temperature, 1.5 min
at 1 A/cm2.

FIG. 1 Step Structure (500 3) (Steps between grains, no ditches
at grain boundaries)
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6.4 The evaluation of etch structures containing steps only and of those showing grains completely surrounded by ditches in
every field can be carried out relatively rapidly. In cases that appear to be dual structures, more extensive examination is required
to determine if there are any grains completely encircled. If an encircled grain is found, the steel should be evaluated as a ditch
structure. Areas near surfaces should be examined for evidence of surface carburization.

6.4.1 On stainless steel castings (also on weld metal), the steps between grains formed by electrolytic oxalic acid etching tend
to be less prominent than those on wrought materials or are entirely absent. However, any susceptibility to intergranular attack is
readily detected by pronounced ditches.

6.5 Some wrought specimens, especially from bar stock, may contain a random pattern of pits. If these pits are sharp and so
deep that they appear black (Fig. 7) it is possible that the specimen may be susceptible to end grain attack in nitric acid only.
Therefore, even though the grain boundaries all have step structures, specimens having as much or more end grain pitting than that
shown in Fig. 7 cannot be safely assumed to have low nitric acid rates and should be subjected to the nitric acid test whenever

FIG. 2 Dual Structure (250 3) (Some ditches at grain boundaries
in addition to steps, but no one grain completely surrounded)

FIG. 3 Ditch Structure (500 3) (One or more grains completely
surrounded by ditches)
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it is specified. Such sharp, deep pits should not be confused with the shallow pits shown in Fig. 1 and Fig. 6.

7. Use of Etch Structure Classifications

7.1 The use of these classifications depends on the hot acid corrosion test for which stainless steel specimens are being screened
by etching in oxalic acid and is described in each of the practices. Important characteristics of each of these tests are described
below.

7.2 Practice B—Ferric Sulfate–Sulfuric Acid Testis a 120-h test in boiling 50 % solution that detects susceptibility to
intergranular attack associated primarily with chromium carbide precipitate. It does not detect susceptibility associated with sigma
phase in wrought chromium-nickel-molybdenum stainless steels (316, 316L, 317, 317L), which is known to lead to rapid
intergranular attack only in certain nitric acid environments. It does not detect susceptibility to end grain attack, which is also found

FIG. 4 Isolated Ferrite Pools (250 3) (Observed in castings and
welds. Steps between austenite matrix and ferrite pools)

FIG. 5 Interdendritic Ditches (250 3) (Observed in castings and
welds. Deep interconnected ditches)

A 262 – 02a

6



only in certain nitric acid environments. The ferric sulfate-sulfuric acid test does reveal susceptibility associated with a sigma-like
phase constituent in stabilized stainless steels, AISI 321 and 347, and in cast chromium-nickel-molybdenum stainless steels
(CF-8M, CF-3M, C6-8M, and CG-3M).

7.3 Practice C—Nitric Acid Testis a 240-h test in boiling, 65 % nitric acid that detects susceptibility to rapid intergranular
attack associated with chromium carbide precipitate and with sigma-like phase precipitate. The latter may be formed in
molybdenum-bearing and in stabilized grades of austenitic stainless steels and may or may not be visible in the microstructure.
This test also reveals susceptibility to end grain attack in all grades of stainless steels.

To differentiate between the types of pits, use a magnification of 5003 and focus
in the plane of etched surface. The pits which now appear completely black are
end grain pits.

FIG. 6 End Grain Pitting I (500 3) (A few deep end grain pits (see
1 in figure) and shallow etch pits (2))

This or a greater concentration of end grain pits at 5003 (using standard etching
conditions) indicates that the specimen must be tested when screening is for nitric
acid test.

FIG. 7 End Grain Pitting II (500 3)
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7.4 Practice E—Copper–Copper Sulfate–16 % Sulfuric Acid Testis a 24-h test in a boiling solution containing 16 % sulfuric
acid and 6 % copper sulfate with the test specimen embedded in metallic copper shot or grindings, which detects susceptibility to
intergranular attack associated with the precipitation of chromium-rich carbides. It does not detect susceptibility to intergranular
attack associated with sigma phase or end-grain corrosion, both of which have been observed to date only in certain nitric acid
environments.

7.5 Practice F—Copper–Copper Sulfate–50 % Sulfuric Acid Testis a 120-h test in a boiling solution that contains 50 % sulfuric
acid, copper sulfate, and metallic copper and that detects susceptibility to intergranular attack associated with the precipitation of
chromium-rich carbides. It does not detect susceptibility to attack associated with sigma phase.

PRACTICE B—FERRIC SULFATE–SULFURIC ACID TEST FOR DETECTING SUSCEPTIBILITY TO
INTERGRANULAR ATTACK IN AUSTENITIC STAINLESS STEELS (3)

8. Scope

8.1 This practice describes the procedure for conducting the boiling 120-h ferric sulfate–50 % sulfuric acid test (Note 3) which
measures the susceptibility of stainless steels to intergranular attack. The presence or absence of intergranular attack in this test
is not necessarily a measure of the performance of the material in other corrosive environments. The test does not provide a basis
for predicting resistance to forms of corrosion other than intergranular, such as general corrosion, pitting, or stress-corrosion
cracking.

NOTE 3—See Practice A for information on the most appropriate of the several test methods available for the evaluation of specific grades of stainless
steel.

8.1.1 The ferric sulfate–sulfuric acid test detects susceptibility to intergranular attack associated with the precipitation of
chromium carbides in unstabilized austenitic stainless steels. It does not detect susceptibility to intergranular attack associated with
sigma phase in wrought austenitic stainless steels containing molybdenum, such as Types 316, 316L, 317, and 317L. The ferric
sulfate–sulfuric acid test will detect intergranular corrosion associated with sigma phase in the cast stainless steels CF-3M and
CF-8M.

NOTE 4—To detect susceptibility to intergranular attack associated with sigma phase in austenitic stainless steels containing molybdenum, the nitric
acid test, Practice C, should be used.

8.2 In stabilized stainless steel, Type 321 (and perhaps 347) and cast austenitic stainless steels containing molybdenum such as
Types CF-8M, CF-3M, CG-8M, and CG-3M, the ferric sulfate–sulfuric acid test detects susceptibility associated with precipitated
chromium carbides and with a sigma phase that may be invisible in the microstructure.

8.3 The ferric sulfate–sulfuric acid test may be used to evaluate the heat treatment accorded as-received material. It may also
be used to check the effectiveness of stabilizing columbium or titanium additions and of reductions in carbon content in preventing
susceptibility to rapid intergranular attack. It may be applied to wrought products (including tubes), castings, and weld metal.

8.4 Specimens of extra low carbon and stabilized grades are tested after sensitizing heat treatments at 650 to 675°C (1200 to
1250°F), which is the range of maximum carbide precipitation. The length of time of heating used for this sensitizing treatment
determines the maximum permissible corrosion rate for such grades in the ferric sulfate–sulfuric acid test. The most commonly
used sensitizing treatment is 1 h at675°C (1250°F).

9. Rapid Screening Test

9.1 Before testing in the ferric sulfate sulfuric acid test, specimens of certain grades of stainless steels (see Table 3) may be given
a rapid screening test in accordance with procedures given in Practice A, Oxalic Acid Etch Test for Classification of Etch Structures
of Austenitic Stainless Steels. Preparation, etching, and the classification of etch structures are described therein. The use of etch
structure evaluations in connection with the ferric sulfate–sulfuric acid test is specified in Table 3.

9.1.1 Corrosion test specimens having acceptable etch structures in the oxalic acid etch test will be essentially free of
intergranular attack in the ferric sulfate-sulfuric acid test. Such specimens are acceptable without testing in the ferric
sulfate-sulfuric acid test. All specimens having nonacceptable etch structures must be tested in the ferric sulfate-sulfuric acid test.

10. Apparatus

10.1 The apparatus (Note 6) is illustrated in Fig. 8.
10.1.1 An Allihn or Soxhlet condenser with a minimum of four bulbs and with a 45/50 ground glass joint. Overall length: about

330 mm (13 in.), condensing section, 91⁄2 in. (241 mm).
10.1.2 A 1-L Erlenmeyer flask with a 45/50 ground glass joint. The ground glass opening is somewhat over 38 mm (11⁄2 in.)

wide.
10.1.3 The glass cradle (Note 5) can be supplied by a glass-blowing shop. To pass through the ground glass joint on the

Erlenmeyer flask, the width of the cradle should not exceed 38 mm (11⁄2 in.), and the front-to-back distance must be such that the
cradle will fit the 34-mm (11⁄3-in.) diameter opening. It should have three or four holes to increase circulation of the testing solution
around the specimen.

NOTE 5—Other equivalent means of specimen support, such as glass hooks or stirrups, may also be used.
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10.1.4 Boiling chips must be used to prevent bumping.
10.1.5 A silicone grease6 is recommended for the ground glass joint.
10.1.6 During testing, there is some deposition of iron oxides on the upper part of the Erlenmeyer flask. This can be readily

removed, after test completion, by boiling a solution of 10 % hydrochloric acid in the flask.
10.1.7 A device such as an electrically heated hot plate that provides heat for continuous boiling of the solution.
10.1.8 An analytical balance capable of weighing to the nearest 0.001 g.

NOTE 6—No substitutions for this equipment may be used. The cold-finger type of condenser with standard Erlenmeyer flasks may not be used.

6 Dow Corning Stopcock Grease has been found satisfactory for this purpose.

TABLE 3 Use of Etch Structure Classifications from the Oxalic
Acid Etch Test with Ferric Sulfate–Sulfuric Acid Test

NOTE 1—Grades AISI 321 and 347 cannot be screened because these
grades may contain a type of sigma phase which is not visible in the etch
structure but which may cause rapid corrosion in the ferric sulfate-sulfuric
acid test.

Grade Acceptable Etch
Structures

Nonacceptable
Etch Structures A

AISI 304 Step, dual, end grain, I & II Ditch
AISI 304L Step, dual, end grain, I & II Ditch
AISI316 Step, dual, end grain, I & II Ditch
AISI316L Step, dual, end grain, I & II Ditch
AISI 317 Step, dual, end grain, I & II Ditch
AISI 317L Step, dual, end grain, I & II Ditch
AISI 321 None . . .
ACI CF-3 Step, dual, isolated ferrite pools Ditch, interdendritic ditches
ACI CF-8 Step, dual, isolated ferrite pools Ditch, interdendritic ditches
ACI CF-3M Step, dual, isolated ferrite pools Ditch, interdendritic ditches
ACI CF-8M Step, dual, isolated ferrite pools Ditch, interdendritic ditches

A Specimens having these structures must be tested in the ferric sulfate-sulfuric
acid test.

FIG. 8 Apparatus for Ferric Sulfate–Sulfuric Acid Test
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11. Ferric Sulfate–Sulfuric Acid Test Solution

11.1 Prepare 600 mL of 50 % (49.4 to 50.9 %) solution as follows:
11.1.1 Caution—Protect the eyes and use rubber gloves for handling acid. Place the test flask under a hood.
11.1.2 First, measure 400.0 mL of distilled water in a 500-mL graduate and pour into the Erlenmeyer flask.
11.1.3 Then measure 236.0 mL of reagent-grade sulfuric acid of a concentration that must be in the range from 95.0 to 98.0 %

by weight in a 250-mL graduate. Add the acid slowly to the water in the Erlenmeyer flask to avoid boiling by the heat evolved.

NOTE 7—Loss of vapor results in concentration of the acid.

11.1.4 Weigh 25 g of reagent-grade ferric sulfate (contains about 75 % Fe2(SO4)3) and add to the sulfuric acid solution. A trip
balance may be used.

11.1.5 Drop boiling chips into the flask.
11.1.6 Lubricate ground glass joint with silicone grease.
11.1.7 Cover flask with condenser and circulate cooling water.
11.1.8 Boil solution until all ferric sulfate is dissolved (see Note 7).
11.1.9 Caution—It has been reported that violent boiling resulting in acid spills can occur. It is important to ensure that the

concentration of acid does not become more concentrated and that an adequate number of boiling chips (which are resistant to
attack by the test solution) are present.7

12. Preparation of Test Specimens

12.1 A specimen having a total surface area of 5 to 20 cm2 is recommended. Specimens containing welds should be cut so that
no more than 13-mm (1⁄2-in.) width of base metal is included on either side of the weld.

12.2 The intent is to test a specimen representing as nearly as possible the surface of the material as used in service. Only such
surface finishing should be performed as is required to remove foreign material and obtain a standard, uniform finish as specified.
For very heavy sections, specimens should be machined to represent the appropriate surface while maintaining reasonable
specimen size for convenience in testing. Ordinarily, removal of more material than necessary will have little influence on the test
results. However, in the special case of surface carburization (sometimes encountered, for instance, in tubing or castings when
lubricants or binders containing carbonaceous materials are employed) it may be possible by heavy grinding or machining to
remove the carburized surface completely. Such treatment of test specimens is not permissible, except in tests undertaken to
demonstrate such surface effects.

12.3 When specimens are cut by shearing, the sheared edges should be refinished by machining or grinding prior to testing.
12.4 Any surfaces of the specimen, including sheared edges, that are to be refinished should be done by using No. 80 or 120

grit abrasive paper. If dry abrasive paper is used, polish slowly to avoid overheating. Sand blasting should not be used.
12.5 All traces of oxide scale formed during heat treatments must be thoroughly removed. Any scale that cannot be removed

by grinding (for example, in stamped numbers) must be removed by immersing the specimen in concentrated nitric acid at about
93°C (200°F). (Residual oxide scale causes galvanic action and consequent activation in the test solution.)

12.6 The specimen should be measured, including the inner surfaces of any holes, and the total exposed area calculated.
12.7 The specimen should then be degreased and dried using suitable nonchlorinated agents, such as soap and acetone, and then

weighed to the nearest 0.001 g.

13. Procedure

13.1 Place specimen in glass cradle and immerse in boiling solution.
13.2 Mark liquid level on flask with wax crayon to provide a check on vapor loss, which would result in concentration of the

acid. If there is an appreciable change in the level, the test must be repeated with fresh solution and a reground specimen.
13.3 Continue immersion of the specimen for a total of 120 h, then remove specimen, rinse in water and acetone, and dry.
13.4 Weigh specimen and subtract weight from original weight.
13.5 No intermediate weighings are usually necessary. The tests can be run without interruption for 120 h. However, if

preliminary results are desired, the specimen can be removed at any time for weighing.
13.6 No changes in solution are necessary during the 120-h test periods.
13.7 Additional ferric sulfate inhibitor may have to be added during the test if the corrosion rate is extraordinarily high as

evidenced by a change in the color of the solution. More ferric sulfate must be added if the total weight loss of all specimens
exceeds 2 g. (During the test, ferric sulfate is consumed at a rate of 10 g for each 1 g of dissolved stainless steel.)

13.8 Several specimens may be tested simultaneously. The number (3 or 4) is limited only by the number of glass cradles that
can be fitted into the flask.

14. Calculation and Report

14.1 The effect of the acid solution on the material shall be measured by determining the loss of weight of the specimen. The
corrosion rates should be reported as millimetres of penetration per month (Note 8), calculated as follows:

7 Amphoteric alundum granules, Hengar Granules, from the Hengar Co., Philadelphia, PA have been found satisfactory for this purpose.
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Millimetre per month5 ~72903 W!/~A 3 t 3 d! (1)

where:
t = time of exposure, h,
A = area, cm2,
W = weight loss, g, and
d = density, g/cm3

for chromium-nickel steels,d = 7.9 g/cm3

for chromium-nickel-molybdenum steels,d = 8.00 g/cm3

NOTE 8—Conversion factors to other commonly used units for corrosion rates are as follows:
Millimetres per month3 0.04= inches per month
Millimetres per month3 0.47= inches per year
Millimetres per month3 12 = millimetres per year
Millimetres per month3 472 = mils per year
Millimetres per month3 10003 density/3 = milligrams per square decimetre per day
Millimetres per month3 1.393 density = grams per square metre per hour

PRACTICE C—NITRIC ACID TEST FOR DETECTING SUSCEPTIBILITY TO INTERGRANULAR ATTACK
IN AUSTENITIC STAINLESS STEELS

15. Scope

15.1 This practice describes the procedure for conducting the boiling nitric acid test(4) as employed to measure the relative
susceptibility of austenitic stainless steels to intergranular attack. The presence or absence of intergranular attack in this test is not
necessarily a measure of the performance of the material in other corrosive environments; in particular, it does not provide a basis
for predicting resistance to forms of corrosion other than intergranular, such as general corrosion, pitting, or stress-corrosion
cracking.

15.2 The boiling nitric acid test may be used to evaluate the heat treatment accorded “as-received” material. It is also sometimes
used to check the effectiveness of stabilizing elements and of reductions in carbon content in preventing susceptibility to rapid
intergranular attack.

NOTE 9—Intergranular attack in nitric acid is associated with one or more of the following: (1) intergranular precipitation of chromium carbides, (2)
sigma or transition phases in molybdenum-bearing grades, and (3) sigma phase constituents in stabilized grades. The boiling nitric acid test should not
be used for extra-low–carbon molybdenum-bearing grades unless the material tested is to be used in nitric acid service. See Practice A, Oxalic Acid
Etching Test, for information on the most appropriate of the several test methods available for the evaluation of specific grades of stainless steel.

15.3 Specimens of extra-low–carbon and stabilized grades are tested after sensitizing heat treatments at 650 to 675°C (1200 to
1250°F), which is the range of maximum carbide precipitation. The length of time used for this sensitizing treatment determines
the maximum permissible corrosion rate in the nitric acid test. The most commonly used sensitizing treatment is 1 h at675°C
(1250°F).

15.4 This practice may be applied to wrought products (including tubes), castings, and weld metal of the various grades of
stainless steel (Note 9).

16. Rapid Screening Test

16.1 Before testing in the nitric acid test, specimens of certain grades of stainless steel as given in Table 1 may be given a rapid
screening test in accordance with procedures given in Practice A, Oxalic Acid Etch Test for Classification of Etch Structures of
Austenitic Stainless Steels. The use of the etch structure evaluations in connection with the nitric acid test is specified in Table 4.

16.1.1 Corrosion test specimens having acceptable etch structures in the oxalic acid etch test will be essentially free of
intergranular attack in the nitric acid test; such specimens are acceptable without testing in the nitric acid test. All specimens having
nonacceptable etch structures must be tested in the nitric acid test.

TABLE 4 Use of Etch Structure Classification from Oxalic Acid
Etch Test with Nitric Acid Test

NOTE 1—AISI 316, 316L, 317, 317L, 347, and 321 cannot be screened
because these steels may contain sigma phase not visible in the etch
structure. This may cause rapid intergranular attack in the nitric acid test.

Grade Acceptable Etch
Structures

Nonacceptable Etch
Structures A

AISI 304 Step, dual, end grain I Ditch, end grain II
AISI 304L Step, dual, end grain I Ditch, end grain II
ACI CF-8 Step, dual, isolated ferrite pools Ditch, interdendritic ditches
ACI CF-3 Step, dual, isolated ferrite pools Ditch, interdendritic ditches

A Specimens having these structures must be tested in the nitric acid test.
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17. Apparatus

17.1 Container—A 1-L Erlenmeyer flask equipped with a cold finger-type condenser, as illustrated in Fig. 9, is recommended.

NOTE 10—Two other types of containers have been employed in the past and may be used if agreed upon between the supplier and purchaser. One
of these consists of a 1-L Erlenmeyer flask with a ground glass joint and equipped with a 762-mm (30-in.) reflux condenser; it has been shown that results
obtained with a reflux condenser tend to be somewhat higher than with the cold finger-type condenser due to greater vapor loss. The second type of
container is the so-called multi-sample testing apparatus(5) which was designed to permit the testing of a large number of specimens simultaneously by
providing for replacement of the acid in contact with the specimens several times per hour with redistilled acid. Because of the lesser accumulation of
corrosion products in the testing solution, the rates obtained with the multi-sample tester are consistently lower than those obtained with the conventional
apparatus; the differences are small on properly annealed or stabilized material, which will show low rates in both types of test but can be very large for
sensitized specimens. For research purposes or where results are to be compared directly, it is essential that the same type of apparatus be used for all
tests.

17.2 Specimen Supports—Glass hooks, stirrups, or cradles for supporting the specimens in the flask fully immersed at all times
during the test and so designed that specimens tested in the same container do not come in contact with each other.

17.3 Heater—A means for heating the test solutions and of keeping them boiling throughout the test period. An electrically
heated hot plate is satisfactory for this purpose.

17.4 Balance—An analytical balance capable of weighing to at least the nearest 0.001 g.

18. Nitric Acid Test Solution

18.1 The test solution shall be 656 0.2 weight % as nitric acid determined by analysis. This solution may be prepared by adding
distilled water to concentrated nitric acid (reagent grade HNO3, sp gr 1.42) (Note 11) at the rate of 108 mL of distilled water per
litre of concentrated nitric acid.

NOTE 11—The nitric acid used should conform to the recommended specifications for analytical reagent chemicals of the American Chemical Society
(6) as follows:

Nonvolatile matter, max, % 0.0005
Sulfate (SO4), max, % 0.0002
Arsenic, max, % 0.000003
Chlorine, max, % about 0.00007
Heavy metals, max, % about lead 0.0005
and iron 0.0001

In addition, the fluorine content shall not exceed 0.0001 %, and phosphate (PO4) shall not exceed 0.00002 %.

19. Preparation of Test Specimens

19.1 The size and shape of the specimen must be considered with respect to available facilities for accurate weighing and the
volume of test solution to be used. Normally, the maximum convenient weight of specimen is about 100 g. Specimens containing
welds should be cut so that no more than 13 mm (1⁄2 in.) width of base metal is included on either side of the weld. Furthermore,
in the case of bar, wire, and tubular products, the proportion of the total area represented by the exposed cross section may influence
the results. Cross-sectional areas in these products may be subject to end grain attack in nitric acid. The proportion of end grain
in the specimen should therefore be kept low unless such surface is actually to be exposed in service involving nitric acid. When
specimens of such products are being tested in research investigations, the ratio of the cross-sectional area exposed to the total area
should be kept constant from test to test. For inspection tests, specimens cut from bars, wires, or tubes should be proportioned so
that the areas of the exposed cross sections shall not exceed half the total exposed area of the specimen.

19.2 Special heat treatment of specimens prior to testing or the use of specimens that contain a weld may be specified.
19.3 The intent is to test a specimen representing as nearly as possible the surface of the material as used in service. Only such

surface finishing should be performed as is required to remove foreign material and obtain a standard uniform finish as specified.

FIG. 9 Flask and Condenser for Nitric Acid Test
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For very heavy sections, specimens should be machined to represent the appropriate surface while maintaining reasonable
specimen size for convenience in testing. Ordinarily, removal of more material than necessary will have little influence on the test
results. However, in the special case of surface carburization (sometimes encountered, for instance, in tubing or castings when
lubricants or binders containing carbonaceous materials are employed), it may be possible by heavy grinding or machining to
remove the carburized surface completely. Such treatment of test specimens is not permissible except in tests undertaken to
demonstrate such surface effects.

19.4 When specimens are cut by shearing, the sheared edges should be refinished by machining or grinding prior to testing.
19.5 Any surfaces of the specimen, including sheared edges, that are to be refinished should be done by using No. 80 or 120

grit abrasive paper. If dry abrasive paper is used, polish slowly to avoid overheating. Sandblasting should not be used.
19.6 The specimen should be measured, including the inner surfaces of any holes, and the total exposed area calculated.
19.7 The specimen should then be degreased and dried using suitable nonchlorinated agents, such as soap and acetone (Note

12), and then weighed to the nearest 0.001 g (see 17.4).

NOTE 12—The cleaning treatment described may be supplemented by immersing the specimen in nitric acid (for example, 20 weight % at 49 to 60°C
(120 to 140°F)) for 20 min, followed by rinsing, drying, and weighing. In the case of small-diameter tubular specimens which cannot be conveniently
resurfaced on the inside, it is desirable to include in the preparation an immersion in boiling nitric acid (65 %) for 2 to 4 h using the same apparatus as
for the actual test. The purpose of these treatments is to remove any surface contamination that may not be accomplished by the regular cleaning method
and which may increase the apparent weight loss of the specimen during the early part of the test.

19.8 It is common practice to test only one specimen of each material or lot of material, as defined by those using the test for
specification purposes. However, the use of at least two specimens for check purposes is recommended.

20. Procedure

20.1 Use a sufficient quantity of the nitric acid test solution to cover the specimens and to provide a volume of at least 20 mL/cm
2 (125 mL/in.2) of specimen surface. Normally, a volume of about 600 cm3 is used.

20.2 The best practice is to use a separate container for each test specimen.

NOTE 13—For routine evaluations, it is acceptable to test as many as three specimens in the same container provided that they all are of the same grade
and all show satisfactory resistance to corrosion. If more than one of the specimens tested in the same container fail to pass the test, it is necessary to
retest all specimens in separate containers, since excessive corrosion of one specimen may result in accelerated corrosion of the other specimens tested
with it. Excessive corrosion may often be detected by changes in the color of the test solution, and it may be appropriate to provide separate containers
for such specimens without waiting until the end of the test period. A record should be made showing which specimens were tested together.

NOTE 14—If the multi-sample testing apparatus (see Note 10) is employed, a large number of specimens may be tested in the large container provided.

20.3 After the specimens have been placed in the acid in the container, pass cooling water through the condenser and bring the
acid to a boil on the hot plate and then keep boiling throughout the test period (Note 15). After each test period, rinse the specimens
with water and treat by scrubbing with rubber or a nylon brush under running water to remove any adhering corrosion products,
after which they should be dried and weighed. Drying may be facilitated, if desired, by dipping the specimens in acetone after they
are scrubbed.

NOTE 15—Care should be taken to prevent contamination of the testing solution, especially by fluorides, either before or during the test. Experience
has shown that the presence of even small amounts of hydrofluoric acid will increase the corrosion rate in the nitric acid test. It is not permissible, for
example, to conduct nitric-hydrofluoric acid tests in the same hood with nitric acid tests.

20.4 For most consistent results, the test should consist of five boiling periods of 48 h each (Note 16) with a fresh test solution
being used in each period.

NOTE 16—For specification purposes, those experienced in the use of the test may, by mutual agreement, shorten the standard test to three 48-h boiling
periods. However, if with this shorter test procedure the rate of attack in the third period should exceed that in either the first or second periods to some
previously agreed-upon extent, then the test should be continued for a total of five periods. As an alternative, when the test is being used for inspection
prior to approval of steel for shipment, a procedure may be agreed upon by the purchaser and the manufacturer whereby the material will be released
for shipment following satisfactory performance in three 48-h boiling periods with final acceptance being dependent upon satisfactory performancein
the longer test of five 48-h boiling periods. Also, by mutual agreement, a combination of one 48-h period and two 96-h periods (not necessarily in that
order) instead of five 48-h test periods may be acceptable for routine evaluations.

21. Calculation and Report

21.1 Calculation—The effect of the acid on the material shall be measured by determining the loss of weight of the specimen
after each test period and for the total of the test periods. Such weight-loss determinations should be made with the accuracy
prescribed in 17.4. The corrosion rates are usually reported as millimetres per month (Note 17), calculated in the following rate
of corrosion equation:

Millimetres per month5 ~72903 W!/~A 3 d 3 t! (2)

where:
t = time of exposure, h,
A = total surface area, cm2,
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W = weight loss, g, and
d = density of the sample, g/cm3.

NOTE 17—Conversion factors to other commonly used units for corrosion rates are as follows:
Millimetres per month3 0.04 = inches per month
Millimetres per month3 0.47 = inches per year
Millimetres per month3 12 = millimetres per year
Millimetres per month3 472 = mils per year
Millimetres per month3 10003 density/3 = milligrams per square decimetre per day
Millimetres per month3 1.393 density = grams per square metre per hours

21.2 Report—Results should be reported for the individual periods, as well as the average for the three or five test periods.

PRACTICE E—COPPER–COPPER SULFATE–
16 % SULFURIC ACID TEST FOR DETECTING

SUSCEPTIBILITY TO INTERGRANULAR ATTACK IN AUSTENITIC STAINLESS STEELS 7,8

22. Scope

22.1 This practice describes the procedure by which the copper–copper sulfate–16 % sulfuric acid test is conducted to determine
the susceptibility of austenitic stainless steels to intergranular attack. The presence or absence of intergranular corrosion in this test
is not necessarily a measure of the performance of the material in other corrosive media. The test does not provide a basis for
predicting resistance to other forms of corrosion, such as general corrosion, pitting, or stress-corrosion cracking.

22.2 The copper–copper sulfate–16 % sulfuric acid test indicates susceptibility to intergranular attack associated with the
precipitation of chromium-rich carbides. It does not detect susceptibility associated with sigma phase. This test may be used to
evaluate the heat treatment accorded as-received material. It may also be used to evaluate the effectiveness of stabilizing element
additions (Cb, Ti, and so forth) and reductions in carbon content to aid in resisting intergranular attack.

22.3 All wrought products and weld material of austenitic stainless steels can be evaluated by this test.

23. Rapid Screening Test

23.1 Before testing in the copper–copper sulfate–16 % sulfuric acid test, specimens of certain grades of stainless steel (see Table
5) may be given a rapid screening test in accordance with the procedures given in Practice A (Sections 3 through 7). Preparation,
etching, and the classification of etch structures are described therein. The use of etch-structure evaluations in connection with the
copper–copper sulfate–16 % sulfuric acid test is specified in Table 5.

23.1.1 Corrosion test specimens having acceptable etch structures in the oxalic acid etch test will be essentially free of
intergranular attack in the copper–copper sulfate–16 % sulfuric acid test. Such specimens are acceptable without testing in the
copper–copper sulfate–16 % sulfuric acid test. All specimens having nonacceptable etch structures must be tested in the
copper–copper sulfate–16 % sulfuric acid test.

24. Summary of Practice

24.1 A suitable sample of an austenitic stainless steel, embedded in copper shot or grindings, is exposed to boiling acidified
copper sulfate solution for 24 15 h. After exposure in the boiling solution, the specimen is bent. Intergranular cracking or crazing
is evidence of susceptibility.

24.2 Alternative Testing Procedures:

TABLE 5 Use of Etch Structure Classifications from the Oxalic
Acid Etch Test with the Copper-Copper Sulfate-16 % Sulfuric

Acid Test

Grade Acceptable Etch
Structures

Nonacceptable Etch
Structures A

AISI 201 Step, dual, end grain I and II Ditch
AISI 202 Step, dual, end grain I and II Ditch
AISI 301 Step, dual, end grain I and II Ditch
AISI 304 Step, dual, end grain I and II Ditch
AISI 304L Step, dual, end grain I and II Ditch
AISI 304H Step, dual, end grain I and II Ditch
AISI 316 Step, dual, end grain I and II Ditch
AISI 316L Step, dual, end grain I and II Ditch
AISI 316H Step, dual, end grain I and II Ditch
AISI 317 Step, dual, end grain I and II Ditch
AISI 317L Step, dual, end grain I and II Ditch
AISI 321 Step, dual, end grain I and II Ditch
AISI 347 Step, dual, end grain I and II Ditch

A Specimens having these structures must be tested in the copper–copper
sulfate–16 % sulfuric acid test.
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24.2.1 Unless prohibited by the purchaser in the purchase order, the supplier is permitted to meet the requirements of Practice
E by performing a test in accordance with ISO 3651–2, Method A, provided that the testing period shall be a minimum of 15 h.
When a sensitization treatment is required, sensitization heat treatment T1 [700°C6 10°C (1292°F6 18°F), 30 minutes, water
quench] shall be used unless the supplier and purchaser shall agree upon preparation of welded test pieces to be tested in the
as-welded condition.

24.2.2 When this alternative test procedure is used, it shall be noted on the test report.

25. Apparatus

25.1 A 1-L glass Erlenmeyer flask with a ground 45/50 glass joint and four-bulb (minimum) Allihn condenser with 45/50 ground
glass joint (as in 10.1.1 and 10.1.2 and Fig. 8) are required. A silicone grease is recommended for the ground glass joint.

25.2 Specimen Supports—An open glass cradle capable of supporting the specimens and copper shot or grindings in the flask
is recommended.

NOTE 18—It may be necessary to embed large specimens, such as from heavy bar stock, in copper shot on the bottom of the test flask. A copper cradle
may also be used.

25.3 Heat Source—Any gas or electrically heated hot plate may be utilized for heating the test solution and keeping it boiling
throughout the test period.

26. Acidified Copper Sulfate Test Solution

26.1 Dissolve 100 g of copper sulfate (CuSO4·5H 2O) in 700 mL of distilled water, add 100 mL of sulfuric acid (H2SO4, cp,
sp gr 1.84), and dilute to 1000 mL with distilled water.

NOTE 19—The solution will contain approximately 6 weight % of anhydrous CuSO4 and 16 weight % of H2SO4.

27. Copper Addition

27.1 Electrolytic grade copper shot or grindings may be used. Shot is preferred for its ease of handling before and after the test.
27.2 A sufficient quantity of copper shot or grindings is to be used to cover all surfaces of the specimen whether it is in a vented

glass cradle or embedded in a layer of copper shot on the bottom of the test flask.
27.3 The amount of copper used, assuming an excess of metallic copper is present, is not critical. The effective galvanic

coupling between copper and the test specimen may have importance(9).
27.4 The copper shot or grindings may be reused if they are cleaned in warm tap water after each test.

28. Specimen Preparation

28.1 The size of the sample submitted for test and the area from which it is to be taken (end or middle of coil, midway surface
and center, and so forth) is generally specified in the agreement between the purchaser and the seller. The testing apparatus dictates
the final size and shape of the test specimen. The specimen configuration should permit easy entrance and removal through the
neck of the test container.

28.1.1 Table 6 may be used as a guide to determine acceptable specimen sizes. There may be restrictions placed on specimen
size by the testing apparatus.

28.1.2 Specimens obtained by shearing should have the sheared edges machined or ground off prior to testing. Care should be
taken when grinding to avoid overheating or “burning.” A “squared” edge is desirable.

28.2 Any scale on the specimens should be removed mechanically unless a particular surface finish is to be evaluated. Chemical
removal of scale is permissible when this is the case. Mechanical removal of scale should be accomplished with 120-grit iron-free
aluminum oxide abrasive.

28.2.1 Each specimen should be degreased using a cleaning solvent such as acetone, alcohol, ether, or a vapor degreaser prior
to being tested.

28.3 All austenitic material in the “as-received” (mill-annealed) condition should be capable of meeting this test.
28.3.1 Specimens of extra-low–carbon and stabilized grades are tested after sensitizing heat treatments at 650 to 675°C (1200

to 1250°F), which is the range of maximum carbide precipitation. The most commonly used sensitizing treatment is 1 h at675°C.
Care should be taken to avoid carburizing or nitriding the specimens. The heat treating is best carried out in air or neutral salt.

NOTE 20—The sensitizing treatment 675°C is performed to check the effectiveness of stabilized and 0.03 % maximum carbon materials in resisting
carbide precipitation, hence, intergranular attack.

29. Test Conditions

29.1 The volume of acidified copper sulfate test solution used should be sufficient to completely immerse the specimens and
provide a minimum of 8 mL/cm2 (50 mL/in.2) of specimen surface area.

29.1.1 As many as three specimens can be tested in the same container. It is ideal to have all the specimens in one flask to be
of the same grade, but it is not absolutely necessary. The solution volume-to-sample area ratio is to be maintained.

29.1.2 The test specimen(s) should be immersed in ambient test solution, which is then brought to a boil and maintained boiling
throughout the test period. Begin timing the test period when the solution reaches the boiling point.
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NOTE 21—Measures should be taken to minimize bumping of the solution when glass cradles are used to support specimens. A small amount of copper
shot (8 to 10 pieces) on the bottom of the flask will conveniently serve this purpose.

29.1.3 The time of the test shall be a minimum of 15 h, unless a longer time is agreed upon between the purchaser and the
producer. If not 15 h, the test time shall be specified on the test report. Fresh test solution would not be needed if the test were
to run 48 or even 72 h. (If any adherent copper remains on the specimen, it may be removed by a brief immersion in concentrated
nitric acid at room temperature.)

NOTE 22—Results in the literature indicate that this test is more sensitive if it is run for longer times(10), (11).

30. Bend Test

30.1 The test specimen shall be bent through 180° and over a diameter equal to the thickness of the specimen being bent (see
Fig. 10). In no case shall the specimen be bent over a smaller radius or through a greater angle than that specified in the product
specification. In cases of material having low ductility, such as severely cold worked material, a 180° bend may prove impractical.
Determine the maximum angle of bend without causing cracks in such material by bending an untested specimen of the same
configuration as the specimen to be tested.

TABLE 6 Sizes of Test Specimens

Type of Material Size of Test Specimen

Wrought wire or rod:
Up to 6 mm (¼ in.) in diameter, incl Full diameter by 75 mm (3 in.) (min)

long
Over 6 mm (¼ in.) in diameter Cylindrical segment 6 mm (¼ in.) thick

by 25 mm (1 in.) (max) wide by 75
to 125 mm (3 to 5 in.) long A

Wrought sheet, strip, plates, or flat
rolled products:
Up to 5 mm (3⁄16 in.) thick, incl Full thickness by 9 to 25 mm (" to 1

in.) wide by 75 mm (3 in.) (min)
long

Over 5 mm (3⁄16 in.) thick 5 to 13 mm (3⁄16 to ½ in.) thick by
9 to 25 mm (" to 1 in.) wide by
75 mm (3 in.) (min) long B

Tubing:
Up to 38 mm (1½ in.) in diameter, incl Full ring, 25 mm (1 in.) wide C

Over 38 mm (1½ in.) in diameter A circumferential segment 75 mm (3
in.) (min) long cut from a 25 mm (1-
in.) wide ring D

A When bending such specimens, the curved surface shall be on the outside of
the bend.

B One surface shall be an original surface of the material under test and it shall
be on the outside of the bend. Cold-rolled strip or sheets may be tested in the
thickness supplied.

C Ring sections are not flattened or subjected to any mechanical work before
they are subjected to the test solution.

D Specimens from welded tubes over 38 mm (1½ in.) in diameter shall be taken
with the weld on the axis of the bend.

FIG. 10 A Bent Copper–Copper Sulfate–Sulfuric Acid Test
Specimen
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30.1.1 Duplicate specimens shall be obtained from sheet material so that both sides of the rolled samples may be bent through
a 180° bend. This will assure detection of intergranular attack resulting from carburization of one surface of sheet material during
the final stages of rolling.

NOTE 23—Identify the duplicate specimen in such a manner as to ensure both surfaces of the sheet material being tested are subjected to the tension
side of the 180° bends.

30.1.2 Samples machined from round sections or cast material shall have the curved or original surface on the outside of the
bend.

30.1.3 The specimens are generally bent by holding in a vise and starting the bend with a hammer. It is generally completed
by bringing the two ends together in the vise. Heavy specimens may require bending in a fixture of suitable design. An air or
hydraulic press may also be used for bending the specimens.

30.1.4 Tubular products should be flattened in accordance with the flattening test, prescribed in Test Methods and Definitions
A 370.

30.1.5 When agreed upon between the purchaser and the producer, the following shall apply to austenitic stainless steel plates
4.76 mm (0.1875 in.) and thicker:

30.1.5.1 Samples shall be prepared according to Table 7.
30.1.5.2 The radius of bend shall be two times the sample thickness, and the bend axis shall be perpendicular to the direction

of rolling.
30.1.5.3 Welds on material 4.76 mm (0.1875 in.) and thicker shall have the above bend radius, and the weld-base metal interface

shall be located approximately in the centerline of the bend.
30.1.5.4 Face, root, or side bend tests may be performed, and the type of bend test shall be agreed upon between the purchaser

and the producer. The bend radius shall not be less than that required for mechanical testing in the appropriate material specification
(for base metal) or in ASME Code Section IX (for welds).

31. Evaluation

31.1 The bent specimen shall be examined under low (5 to 203) magnification (see Fig. 11). The appearance of fissures or
cracks indicates the presence of intergranular attack (see Fig. 12).

31.1.1 When an evaluation is questionable (see Fig. 13), the presence or absence of intergranular attack shall be determined by
the metallographic examination of the outer radius of a longitudinal section of the bend specimen at a magnification of 100 to
2503.

NOTE 24—Cracking that originates at the edge of the specimen should be disregarded. The appearance of deformation lines, wrinkles, or “orange peel”
on the surface, without accompanying cracks or fissures, should be disregarded also.

NOTE 25—Cracks suspected as arising through poor ductility may be investigated by bending a similar specimen that was not exposed to the boiling
test solution. A visual comparison between these specimens should assist in interpretation.

PRACTICE F—COPPER–COPPER SULFATE–50 % SULFURIC ACID TEST FOR DETERMINING
SUSCEPTIBILITY TO INTERGRANULAR ATTACK IN AUSTENITIC

STAINLESS STEELS

32. Scope

32.1 This practice describes the procedure for conducting the boiling copper–copper sulfate–50 % sulfuric acid test, which
measures the susceptibility of stainless steels to intergranular attack. The presence or absence of intergranular attack in this test
is not necessarily a measure of the performance of the material in other corrosive environments. The test does not provide a basis
for predicting resistance to forms of corrosion other than intergranular, such as general corrosion, pitting, or stress-corrosion
cracking.

32.2 This test may be used to evaluate the susceptibility of as received material to intergranular corrosion caused by chromium
carbide precipitation. It may also be used to evaluate the resistance of extra-low–carbon grades to sensitization to intergranular
attack caused by welding or heat treatments.

32.3 This test should not be used to detect susceptibility to intergranular attack resulting from the formation of sigma phase.
For detecting susceptibility to environments known to cause intergranular attack due to sigma use Practices B or C.

33. Rapid Screening Test

33.1 Before testing in copper–copper sulfate–50 % sulfuric acid test, specimens of certain grades of stainless steels (see Table

TABLE 7 Use of Etch Structure Classifications from the Oxalic
Acid Etch Test With the Copper-Copper Sulfate-50 % Sulfuric

Acid Test

Grade Acceptable Etch Structures Non-acceptable Etch Structures

CF-3M Step, dual, isolated ferrite Ditch, interdendritic ditches
CF-8M Step, dual, isolated ferrite Ditch, interdendritic ditches
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1) may be given a rapid screening test in accordance with procedures given in Practice A, oxalic acid etch test for classification
of etch structures of austenitic stainless steels. Preparation, etching, and the classification of etch structures are described therein.
The use of etch structure evaluations in connection with the copper–copper sulfate–50 % sulfuric acid test is specified in Table 7.

33.1.1 Corrosion test specimens having acceptable etch structures in the oxalic acid etch test will be essentially free of
intergranular attack in the copper–copper sulfate–50 % sulfuric acid test. Such specimens are acceptable without testing in the

FIG. 11 Passing Test Specimen—View of the Bent Area (20 3 magnification before reproduction)

FIG. 12 Failing Test Specimen (Note the many intergranular fissures. Bent area at 20 3 magnification before reproduction.)
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copper–copper sulfate–50 % sulfuric acid test. All specimens having nonacceptable etch structures must be tested in the
copper–copper sulfate–50 % sulfuric acid test.

34. Apparatus

34.1 The basic apparatus is described in Section 10. Also needed are the following:
34.1.1 For weight loss determination, an analytical balance capable of weighing to the nearest 0.001 g.
34.1.2 A piece of copper metal about 3.2 by 19 by 38 mm (1⁄8 by 3⁄4 by 11⁄2 in.) with a bright, clean finish. An equivalent area

of copper shot or chips may be used. The copper should be washed and degreased before use. A rinse in 5 % H2SO4 will clean
corrosion products from the copper.

35. Copper–Copper Sulfate–50 % Sulfuric Acid Test Solution

35.1 Prepare 600 mL of test solution as follows.Caution—Protect the eyes and face by face shield and use rubber gloves and
apron when handling acid. Place flask under hood.

35.1.1 First, measure 400.0 mL of distilled water in a 500-mL graduate and pour into the Erlenmeyer flask.
35.1.2 Then measure 236.0 mL of reagent grade sulfuric acid of a concentration that must be in the range from 95.0 to 98.0

weight % in a 250 mL graduate. Add the acid slowly to the water in the Erlenmeyer flask to avoid boiling by the heat received.
35.1.3 Weigh 72 g of reagent grade copper sulfate

(CuSO4·5 H2O) and add to the sulfuric acid solution. A trip balance may be used.
35.1.4 Place the copper piece into one glass cradle and put it into the flask.
35.1.5 Drop boiling chips into the flask.7

35.1.6 Lubricate the ground-glass joint with silicone grease.
35.1.7 Cover the flask with the condenser and circulate cooling water.
35.1.8 Heat the solution slowly until all of the copper sulfate is dissolved.

36. Preparation of Test Specimens

36.1 Prepare test specimens as described in Section 12.
36.2 Specimens of extra-low carbon and stabilized grades are tested after sensitizing heat treatments at 650 to 675°C (1200 to

1250°F), which is the range of maximum carbide precipitation. The length of time of heating used for this sensitizing treatment
determines the maximum permissible corrosion rate for such grades in the copper–copper sulfate–50 % sulfuric acid test. The most
commonly used sensitizing treatment is 1 h at675°C.

37. Procedure

37.1 Place the specimen in another glass cradle and immerse in boiling solution.

FIG. 13 Doubtful Test Result (Note the traces of intergranular fissures and “orange-peel” surface. Bent area at 20 3 magnification
before reproduction.)
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37.2 Mark the liquid level on the flask with wax crayon to provide a check on vapor loss, which would result in concentration
of the acid. If there is an appreciable change in the level, repeat the test with fresh solution and a reground specimen.

37.3 Continue immersion of the specimen for 120 h, then remove the specimen, rinse in water and acetone, and dry. If any
adherent copper remains on the specimen, it may be removed by a brief immersion in concentrated nitric acid at room temperature.

37.4 For weight loss determination, weigh the specimen and subtract the weight from the original weight.
37.5 No intermediate weighings are usually necessary. The tests can be run without interruption. However, if preliminary results

are desired, the specimen can be removed at any time for weighing.
37.6 No changes in solution are necessary during the test.

38. Calculation and Report

38.1 The effect of the acid solution on the material shall be measured by determining the loss of weight of the specimen. The
corrosion rate should be reported as millimetres of penetration per month (Note 8) calculated as follows:

Millimetres per month5 ~72903 w!/~A 3 t 3 d! (3)

where:
t = time or exposure, h,
A = area, cm2,
w = weight loss, g, and
d = density, g/cm3.

For chromium-nickel-molybdenum steels,d = 8.00 g/cm3.

39. Keywords

39.1 austenitic stainless steel; copper sulfate; corrosion testing; etch structures; ferric sulfate; intergranular corrosion; nitric acid;
oxalic acid
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SUMMARY OF CHANGES

This section contains the principal changes to the standard that have been incorporated since the last issue
(A 262 – 02).

(1) In 24.1, changed from 24 h to 15 h.

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: A 276 – 04

Standard Specification for
Stainless Steel Bars and Shapes 1

This standard is issued under the fixed designation A 276; 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 hot-finished or cold-finished
bars except bars for reforging (Note 1). It includes rounds,
squares, and hexagons, and hot-rolled or extruded shapes, such
as angles, tees, and channels in the more commonly used types
of stainless steels. The free-machining types (Note 2), for
general corrosion resistance and high-temperature service, are
covered in a separate specification.

NOTE 1—For bars for reforging, see Specification A 314.
NOTE 2—For free-machining stainless bars designed especially for

optimum machinability, see Specification A 582/A 582M.
NOTE 3—There are standards covering high nickel, chromium, austen-

itic corrosion, and heat resisting alloy materials. These standards are under
the jurisdiction of ASTM Subcommittee B02.07 and may be found in
Annual Book of ASTM Standards, Vol. 02.04.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:2

A 314 Specification for Stainless Steel Billets and Bars for
Forging

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 484/A 484M Specification for General Requirements for
Stainless Steel Bars, Billets, and Forgings

A 582/A 582M Specification for Free-Machining Stainless
Steel Bars

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products

E 527 Practice for Numbering Metals and Alloys (UNS)
2.2 Other Document:

SAE J 1086 Recommended Practice for Numbering Metals
and Alloys3

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight or number of pieces),
3.1.2 Name of material: stainless steel,
3.1.3 Form (bars, angles, etc.),
3.1.4 Condition (Section 4.1),
3.1.5 Finish (Section 8 of Specification A 484/A 484M),
3.1.6 Surface preparation of shapes (Section 8 of Specifica-

tion A 484/A 484M),
3.1.7 Applicable dimensions including size, thickness,

width, and length,
1
3.1.8 Cross section (round, square, etc.),
3.1.9 Type or UNS designation (Table 1),
3.1.10 ASTM designation and date of issue, and
3.1.11 Whether bars are to be rolled as bars or cut from strip

or plate.
3.1.12 Test for magnetic permeability when specified by

customer purchase order when ordering Types 201 and 205.
3.1.13 Special requirements.

NOTE 4—A typical ordering description is as follows: 5000 lb (2268 kg)
Stainless Steel Bars, Annealed and Centerless Ground, 11⁄2 in. (38.10
mm) Round, 10 to 12 ft (3.05 to 3.66 m) in length, Type 304, ASTM
Specification A 276 dated ______. End use: machined valve parts.

4. Manufacture

4.1 Condition:
4.1.1 Bars shall be furnished in one of the following

conditions listed in the Mechanical Requirements table:
4.1.1.1 Condition A—Annealed
4.1.1.2 Condition H—Hardened and tempered at a rela-

tively low temperature

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat-Rolled and Wrought Stainless Steel.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1944. Last previous edition approved in 2003 as A 276 – 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 Available from Society of Automotive Engineers (SAE), 400 Commonwealth
Dr., Warrendale, PA 15096-0001.

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 Chemical Requirements A

UNS
Designa-

tionB
Type

Composition, %

Carbon Manganese
Phos-
phorus

Sulfur Silicon Chromium Nickel
Molyb-
denum

Nitrogen Other Elements

Austenitic Grades

N08367 . . . 0.030 2.00 0.040 0.030 1.00 20.0–22.0 23.5–25.5 6.0–7.0 0.18–0.25 Cu 0.75
S20100 201 0.15 5.5–7.5 0.060 0.030 1.00 16.0–18.0 3.5–5.5 . . . 0.25 . . .
S20161 . . . 0.15 4.0–6.0 0.045 0.030 3.0–4.0 15.0–18.0 4.0–6.0 . . . 0.08–0.20 . . .
S20162 . . . 0.15 4.0–8.0 0.040 0.040 2.5–4.5 16.5–21.0 6.0–10.0 0.50–2.50 0.05–0.25 . . .
S20200 202 0.15 7.5–10.0 0.060 0.030 1.00 17.0–19.0 4.0–6.0 . . . 0.25 . . .
S20500 205 0.12–0.25 14.0–15.5 0.060 0.030 1.00 16.5–18.0 1.0–1.7 . . . 0.32–0.40 . . .
S20910 XM-19 0.06 4.0–6.0 0.045 0.030 1.00 20.5–23.5 11.5–13.5 1.50–3.00 0.20–0.40 Cb 0.10–0.30,

V 0.10–0.30
S21800 . . . 0.10 7.0–9.0 0.060 0.030 3.5–4.5 16.0–18.0 8.0–9.0 . . . 0.08–0.18 . . .
S21900 XM-10 0.08 8.0–10.0 0.045 0.030 1.00 19.0–21.5 5.5–7.5 . . . 0.15–0.40 . . .
S21904 XM-11 0.04 8.0–10.0 0.045 0.030 1.00 19.0–21.5 5.5–7.5 . . . 0.15–0.40 . . .
S24000 XM-29 0.08 11.5–14.5 0.060 0.030 1.00 17.0–19.0 2.3–3.7 . . . 0.20–0.40 . . .
S24100 XM-28 0.15 11.0–14.0 0.045 0.030 1.00 16.5–19.0 0.50–2.50 . . . 0.20–0.45 . . .
S28200 . . . 0.15 17.0–19.0 0.045 0.030 1.00 17.0–19.0 . . . 0.75–1.25 0.40–0.60 Cu 0.75–1.25
S30200 302 0.15 2.00 0.045 0.030 1.00 17.0–19.0 8.0–10.0 . . . 0.10 . . .
S30215 302B 0.15 2.00 0.045 0.030 2.00–3.00 17.0–19.0 8.0–10.0 . . . 0.10 . . .
S30400 304 0.08 2.00 0.045 0.030 1.00 18.0–20.0 8.0–11.0 . . . . . . . . .
S30403 304LC 0.030 2.00 0.045 0.030 1.00 18.0–20.0 8.0–12.0 . . . . . . . . .
S30451 304N 0.08 2.00 0.045 0.030 1.00 18.0–20.0 8.0–11.0 . . . 0.10–0.16 . . .
S30452 XM-21 0.08 2.00 0.045 0.030 1.00 18.0–20.0 8.0–10.0 . . . 0.16–0.30 . . .
S30453 304LN 0.030 2.00 0.045 0.030 1.00 18.0–20.0 8.0–11.0 . . . 0.10–0.16 . . .
S30454 . . . 0.03 2.00 0.045 0.030 1.00 18.0–20.0 8.0–11.0 . . . 0.16–0.30 . . .
S30500 305 0.12 2.00 0.045 0.030 1.00 17.0–19.0 11.0–13.0 . . . . . . . . .
S30800 308 0.08 2.00 0.045 0.030 1.00 19.0–21.0 10.0–12.0 . . . . . . . . .
S30815 . . . 0.05–0.10 0.80 0.040 0.030 1.40–2.00 20.0–22.0 10.0–12.0 . . . 0.14–0.20 Ce 0.03–0.08
S30900 309 0.20 2.00 0.045 0.030 1.00 22.0–24.0 12.0–15.0 . . . . . . . . .
S30908 309S 0.08 2.00 0.045 0.030 1.00 22.0–24.0 12.0–15.0 . . . . . . . . .
S30940 309Cb 0.08 2.00 0.045 0.030 1.00 22.0–24.0 12.0–16.0 . . . . . . Cb 103C-1.10
S31000 310 0.25 2.00 0.045 0.030 1.50 24.0–26.0 19.0–22.0 . . . . . . . . .
S31008 310S 0.08 2.00 0.045 0.030 1.50 24.0–26.0 19.0–22.0 . . . . . . . . .
S31040 310Cb 0.08 2.00 0.045 0.030 1.50 24.0–26.0 19.0–22.0 . . . . . . Cb 103C-1.10
S31254 . . . 0.020 1.00 0.030 0.010 0.80 19.5–20.5 17.5–18.5 6.0–6.5 0.18–0.22 Cu 0.50–1.00
S31400 314 0.25 2.00 0.045 0.030 1.50–3.00 23.0–26.0 19.0–22.0 . . . . . . . . .
S31600 316 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 . . . . . .
S31603 316LC 0.030 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 . . . . . .
S31635 316Ti 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 0.10 Ti 53(C+N)-0.70
S31640 316Cb 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 0.10 Cb 103C-1.10
S31651 316N 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 0.10–0.16 . . .
S31653
S31654

316LN
. . .

0.030
0.03

2.00
2.00

0.045
0.045

0.030
0.030

1.00
1.00

16.0–18.0
16.0–18.0

10.0–13.0
10.0–13.0

2.00–3.00
2.00–3.00

0.10–0.16
0.16–0.30

. . .

. . .
S31700 317 0.08 2.00 0.045 0.030 1.00 18.0–20.0 11.0–15.0 3.0–4.0 0.10 . . .
S31725 . . . 0.030 2.00 0.045 0.030 1.00 18.0–20.0 13.5–17.5 4.0–5.0 0.20 . . .
S31726 . . . 0.030 2.00 0.045 0.030 1.00 17.0–20.0 14.5–17.5 4.0–5.0 0.10–0.20 . . .
S32100 321 0.08 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . Ti 53(C+N)-0.70D

S32654 . . . 0.020 2.0–4.0 0.030 0.005 0.50 24.0–25.0 21.0–23.0 7.0–8.0 0.45–0.55 Cu 0.30–0.60
S34565 . . . 0.030 5.0–7.0 0.030 0.010 1.00 23.0–25.0 16.0–18.0 4.0–5.0 0.40–0.60 Cb 0.10
S34700 347 0.08 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . Cb 103C–1.10
S34800 348 0.08 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . Cb 103C–1.10,

Ta 0.10
Co 0.20

Austenitic-Ferritic Grades

S31100 XM-26 0.06 1.00 0.045 0.030 1.00 25.0–27.0 6.0–7.0 . . . . . . Ti 0.25
S31803 . . . 0.030 2.00 0.030 0.020 1.00 21.0–23.0 4.5–6.5 2.5–3.5 0.08–0.20 . . .
S32101 . . . 0.040 4.0–6.0 0.040 0.030 1.00 21.0–22.0 1.35–1.70 0.10–0.80 0.20–0.25 Cu 0.10–0.80
S32205 . . . 0.030 2.00 0.030 0.020 1.00 22.0–23.0 4.5–6.5 3.0–3.5 0.14–0.20 . . .
S32304 . . . 0.030 2.50 0.040 0.030 1.00 21.5–24.5 3.0–5.5 0.05–0.60 0.05–0.20 Cu 0.05–0.60
S32550 . . . 0.04 1.50 0.040 0.030 1.0 24.0–27.0 4.5–6.5 2.9–3.9 0.10–0.25 Cu 1.50–2.50

S32760E . . . 0.030 1.00 0.030 0.010 1.00 24.0–26.0 6.0–8.0 3.0–4.0 0.20–0.30 Cu 0.50–1.00
W 0.50–1.00

Ferritic Grades

S40500 405 0.08 1.00 0.040 0.030 1.00 11.5–14.5 0.50 . . . . . . Al 0.10–0.30
S40976 . . . 0.030 1.00 0.040 0.030 1.00 10.5–11.7 0.75–1.00 . . . 0.040 Cb 103(C+N)-

0.80
S42900 429 0.12 1.00 0.040 0.030 1.00 14.0–16.0 . . . . . . . . . . . .
S43000 430 0.12 1.00 0.040 0.030 1.00 16.0–18.0 . . . . . . . . . . . .
S44400 444 0.025 1.00 0.040 0.030 1.00 17.5–19.5 1.00 1.75–2.50 0.035 Ti+Cb 0.20+4 3

(C+N)-
0.80
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4.1.1.3 Condition T—Hardened and tempered at a relatively
high temperature

4.1.1.4 Condition S—Strain Hardened—Relatively light
cold work

4.1.1.5 Condition B—Relatively severe cold work

5. Chemical Composition

5.1 The steel shall conform to the requirements for chemical
composition specified in Table 1.

5.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

6. Mechanical Properties Requirements

6.1 The material shall conform to the mechanical test
requirements specified in Table 2.

6.2 The martensitic grades shall be capable of meeting the
hardness requirements after heat treating as specified in Table
3.

6.3 Hardness measurements, when required, shall be made
at a location midway between the surface and the center of the
cross section.

7. Magnetic Permeability
7.1 When required by the purchase order, the magnetic

permeability of Types 201 and 205 in the annealed condition
shall not exceed 1.2 as tested by a Severn-type indicator.

8. General Requirements
8.1 In addition to the requirements of this specification, all

requirements of the current edition of Specification A 484/
A 484M shall apply. Failure to comply with the general
requirements of Specification A 484/A 484M constitutes non-
conformance to this specification.

9. Certification
9.1 Upon request of the purchaser in the contract or order,

the producer’s certification that the material was manufactured
and tested in accordance with this specification, together with
a certified report of the test results shall be furnished at the time
of the shipment.

10. Keywords
10.1 austenitic stainless steel; austenitic-ferritic duplex

stainless steel; ferritic stainless steel; martensitic stainless steel;
stainless steel bars; stainless steel shapes

TABLE 1 Continued

UNS
Designa-

tionB
Type

Composition, %

Carbon Manganese
Phos-
phorus

Sulfur Silicon Chromium Nickel
Molyb-
denum

Nitrogen Other Elements

S44600 446 0.20 1.50 0.040 0.030 1.00 23.0–27.0 0.75 . . . 0.25 . . .
S44627 XM-27F 0.010G 0.40 0.020 0.020 0.40 25.0–27.5 0.50 0.75–1.50 0.015G Cu 0.20

Cb 0.05–0.20
S44700 . . . 0.010 0.30 0.025 0.020 0.20 28.0–30.0 0.15 3.5–4.2 0.020 C+N 0.025

Cu 0.15
S44800 . . . 0.010 0.30 0.025 0.020 0.20 28.0–30.0 2.00–2.50 3.5–4.2 0.020 C+N 0.025

Cu 0.15

Martensitic Grades

S40300 403 0.15 1.00 0.040 0.030 0.50 11.5–13.0 . . . . . . . . . . . .
S41000 410 0.08–0.15 1.00 0.040 0.030 1.00 11.5–13.5 . . . . . . . . . . . .
S41040 XM-30 0.18 1.00 0.040 0.030 1.00 11.0–13.0 . . . . . . . . . Cb 0.05–0.30
S41400 414 0.15 1.00 0.040 0.030 1.00 11.5–13.5 1.25–2.50 . . . . . . . . .
S41425 . . . 0.05 0.50–1.00 0.020 0.005 0.50 12.0–15.0 4.0–7.0 1.50–2.00 0.06–0.12 Cu 0.30
S41500 H 0.05 0.50–1.00 0.030 0.030 0.60 11.5–14.0 3.5–5.5 0.50–1.00 . . . . . .
S42000 420 0.15 min 1.00 0.040 0.030 1.00 12.0–14.0 . . . . . . . . . . . .
S42010 . . . 0.15–0.30 1.00 0.040 0.030 1.00 13.5–15.0 0.35–0.85 0.40–0.85 . . . . . .
S43100 431 0.20 1.00 0.040 0.030 1.00 15.0–17.0 1.25–2.50 . . . . . . . . .
S44002 440A 0.60–0.75 1.00 0.040 0.030 1.00 16.0–18.0 . . . 0.75 . . . . . .
S44003 440B 0.75–0.95 1.00 0.040 0.030 1.00 16.0–18.0 . . . 0.75 . . . . . .
S44004 440C 0.95–1.20 1.00 0.040 0.030 1.00 16.0–18.0 . . . 0.75 . . . . . .
A Maximum, unless range or minimum is indicated.
B Designations established in accordance with Practice E 527 and SAE J 1086.
C For some applications, the substitution of Type 304L for Type 304, or Type 316L for Type 316 may be undesirable because of design, fabrication, or service

requirements. In such cases, the purchaser should so indicate on the order.
D Nitrogen content is to be reported for this grade.
E % Cr + 3.3 3 % Mo + 16 3 % N $ 40.
F Nickel plus copper shall be 0.50 % max.
G Product analysis tolerance over the maximum limit for carbon and nitrogen shall be 0.002 %.
H Wrought version of CA 6NM.
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TABLE 2 Mechanical Requirements

Type Condition Finish
Diameter or Thickness,

in. (mm)

Tensile
Strength,

min

Yield Strength,A

min

Elonga-
tion in 2

in. (50 mm)B

or 4D
min %

Reduc-
tion of

Area,C,D

min, %

Brinell
Hard-
ness,E

maxksi MPa ksi MPa

Austenitic Grades

N08367 A hot-finished or
cold-finished

all 95 655 45 310 30 50 . . .

201, 202 A hot-finished or
cold-finished

all 75 515 40 275 40 45 . . .

S20161 A hot-finished all 125 860 50 345 40 40 255
cold-finished all 125 860 50 345 40 40 311

S20162 A hot-finished or
cold finished

all 100 690 50 345 50 60 . . .

205 A hot-finished or
cold-finished

all 100 690 60 414 40 50 . . .

XM-19 A hot-finished or
cold-finished

all 100 690 55 380 35 55 . . .

As
hot-

rolled

hot-finished or
cold-finished

up to 2 (50.8), incl 135 930 105 725 20 50 . . .

over 2 to 3 (50.8 to 76.2),
incl

115 795 75 515 25 50 . . .

over 3 to 8 (76.2 to 203.2),
incl

100 690 60 415 30 50 . . .

S21800 A hot-finished or
cold-finished

all 95 655 50 345 35 55 241

XM-10, XM-11 A hot-finished or
cold-finished

all 90 620 50 345 45 60 . . .

XM-29 A hot-finished or
cold-finished

all 100 690 55 380 30 50 . . .

XM-28 A hot-finished or
cold-finished

all 100 690 55 380 30 50 . . .

S24565 A hot-finished or
cold-finished

all 115 795 60 415 35 40 . . .

S28200 A hot-finished or
cold finished

all 110 760 60 410 35 55 . . .

302, 302B, 304, 304LN, A hot-finished all 75F 515 30F 205 40G 50 . . .
305, 308, 309, 309S, cold-finished up to 1⁄2 (12.70) incl 90 620 45 310 30 40 . . .
309Cb, 310, 310S, over 1⁄2 (12.70) 75F 515 30F 205 30 40 . . .
310Cb, 314, 316,
316LN, 316Cb, 316TI,
317, 321, 347,
348

304L, 316L A hot-finished all 70 485 25 170 40G 50 . . .
cold-finished up to 1⁄2 (12.70) incl.

over 1⁄2 (12.70)
90
70

620
485

45
25

310
170

30
30

40
40

. . .

. . .
304N, 316N A hot-finished or

cold-finished
all 80 550 35 240 30 . . . . . .

202, 302, 304, 304N, 316,
316N

B cold-finished up to 3⁄4 (19.05) incl 125 860 100 690 12 35 . . .

over 3⁄4 (19.05) to
1 (25.40)

115 795 80 550 15 35 . . .

over 1 (25.40) to 11⁄4
(31.75)

105 725 65 450 20 35 . . .

over 11⁄4 (31.75) to 11⁄2
(38.10)

100 690 50 345 24 45 . . .

over 11⁄2 (38.10) to 13⁄4
(44.45)

95 655 45 310 28 45 . . .

304, 304N, 316, 316N S cold-finished up to 2 (50.8) incl 95 650 75 515 25 40 . . .
over 2 to 21⁄2 (50.8 to 63.5)

incl
90 620 65 450 30 40 . . .

over 21⁄2 to 3 (63.5 to 76.2)
incl

80 550 55 380 30 40 . . .

XM-21, S30454,
S31654

A hot-finished or
cold-finished

all 90 620 50 345 30 50 . . .

XM-21, S30454
S31654

B cold-finished up to 1 (25.40) incl 145 1000 125 860 15 45 . . .

over 1 (25.40) to 11⁄4
(31.75)

135 930 115 795 16 45 . . .

over 11⁄4 (31.75) to 11⁄2
(38.10)

135 895 105 725 17 45 . . .

over 11⁄2 (38.10) to 13⁄4
(44.45)

125 860 100 690 18 45 . . .
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TABLE 2 Continued

Type Condition Finish
Diameter or Thickness,

in. (mm)

Tensile
Strength,

min

Yield Strength,A

min

Elonga-
tion in 2

in. (50 mm)B

or 4D
min %

Reduc-
tion of

Area,C,D

min, %

Brinell
Hard-
ness,E

maxksi MPa ksi MPa

S30815 A hot-finished or
cold-finished

all 87
87

600
600

45
45

310
310

40
40

50
50

. . .

. . .
S31254 A hot-finished or

cold-finished
all 95 650 44 300 35 50 . . .

S31725 A hot-finished or
cold-finished

all 75 515 30 205 40 . . . . . .

S31726 A hot-finished or
cold-finished

all 80 550 35 240 40 . . . . . .

S32654 A hot-finished or
cold-finished

all 109 750 62 430 40 40 250

Austenitic-Ferritic Grades

XM-26 A hot-finished or
cold-finished

all 90 620 65 450 20 55 . . .

S31803 A hot-finished or
cold-finished

all 90 620 65 448 25 . . . 290

S32101 A hot-finished or
cold-finished

all 94 650 65 450 30 . . . 290

S32205 A hot-finished or
cold-finished

all 95 655 65 450 25 . . . 290

S32304 A hot-finished or
cold-finished

all 87 600 58 400 25 . . . 290

S32550 A hot-finished or all 109 750 80 550 25 . . . 290
cold-finished

S32550 S cold-finished all 125 860 105 720 16 . . . 335
S32760 A hot-finished or all 109 750 80 550 25 . . . 290

cold-finished
S32760 S cold-finished all 125 860 105 720 16 . . . 335

Ferritic Grades

405H A hot-finished all . . . . . . . . . . . . . . . . . . 207
cold-finished all . . . . . . . . . . . . . . . . . . 217

429 A hot-finished all 70 480 40 275 20 45 . . .
cold-finished all 70 480 40 275 16 45 . . .

430 A hot-finished or
cold-finished

all 60 415 30 207 20 45 . . .

S40976 A hot-finished or
cold-finished

all 60 415 20 140 20 45 244

S44400 A hot-finished
cold-finished

all
all

60
60

415
415

45
45

310
310

20
16

45
45

217
217

446, XM-27 A hot-finished all 65 450 40 275 20 45 219
cold-finished all 65 450 40 275 16 45 219

S44700 A hot-finished all 70 480 55 380 20 40 . . .
cold-finished all 75 520 60 415 15 30 . . .

S44800 A hot-finished all 70 480 55 380 20 40 . . .
cold-finished all 75 520 60 415 15 30 . . .

Martensitic Grades

403, 410 A hot-finished all 70 480 40 275 20 45 . . .
cold-finished all 70 480 40 275 16 45 . . .

403, 410 T hot-finished all 100 690 80 550 15 45 . . .
cold-finished all 100 690 80 550 12 40 . . .

XM-30 T hot-finished
cold-finished

all
all

125
125

860
860

100
100

690
690

13
12

45
35

302
. . .

403, 410 H hot-finished all 120 830 90 620 12 40 . . .
cold-finished all (rounds only) 120 830 90 620 12 40 . . .

XM-30 A hot-finished all 70 480 40 275 13 45 235
cold-finished all 70 480 40 275 12 35 . . .

414 A hot-finished or
cold-finished

all . . . . . . . . . . . . . . . . . . 298

414 T hot-finished or
cold-finished

all 115 790 90 620 15 45 . . .

S41425 T hot-finished all 120 825 95 655 15 45 321
S41500 T hot-finished or

cold-finished
all 115 795 90 620 15 45 295

420 A hot-finished all . . . . . . . . . . . . . . . . . . 241
cold-finished all . . . . . . . . . . . . . . . . . . 255

S42010 A hot-finished all . . . . . . . . . . . . . . . . . . 235
cold-finished all . . . . . . . . . . . . . . . . . . 255
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SUMMARY OF CHANGES

Committee A01.17 has identified the location of selected changes to this standard since the last issue,
A276–03, that may impact the use of this standard. (Approved Feb. 1, 2004.)

(1) Added new Footnote D to Table 2.

Committee A01.17 has identified the location of selected changes to this standard since the last issue, A276–02a, that may
impact the use of this standard. (Approved April 10, 2003.)

(1) Added UNS 32101 to Tables 1 and 2.

TABLE 2 Continued

Type Condition Finish
Diameter or Thickness,

in. (mm)

Tensile
Strength,

min

Yield Strength,A

min

Elonga-
tion in 2

in. (50 mm)B

or 4D
min %

Reduc-
tion of

Area,C,D

min, %

Brinell
Hard-
ness,E

maxksi MPa ksi MPa

431 A hot-finished or
cold-finished

all . . . . . . . . . . . . . . . . . . 285

440A, 440B, and 440C A hot-finished all . . . . . . . . . . . . . . . . . . 269
cold-finished all . . . . . . . . . . . . . . . . . . 285

A Yield strength shall be determined by the 0.2 % offset method in accordance with Test Methods and Definitions A 370. An alternative method of determining yield
strength may be used based on a total extension under load of 0.5 %.

B For some specific products, it may not be practicable to use a 2-in. or 50-mm gage length. The use of sub-size test specimens, when necessary, is permissible in
accordance with Test Methods and Definitions A 370.

C Reduction of area does not apply on flat bars 3⁄16 in. (4.76 mm) and under in thickness as this determination is not generally made in this product size.
DThe material shall be capable of meeting the required reduction of area where listed, but actual measurement and reporting of the reduction of area are not required

unless specified in the purchase order.
E Or equivalent Rockwell hardness.
F For extruded shapes of all Cr-Ni grades of Condition A, the yield strength shall be 25 ksi (170 MPa) min and tensile strength shall be 70 ksi (480 MPa) min.
G For shapes having section thickness of 1⁄2 in. (12.5 mm) or less, 30% min. elongation is acceptable.
H Material shall be capable of being heat treated to a maximum Brinell hardness of 250 when oil quenched from 1750°F (953°C).

TABLE 3 Response to Heat Treatment

TypeA
Heat Treatment
TemperatureB

°F (°C), min
Quenchant

Hardness
HRC, min

403 1750 (955) Air 35
410 1750 (955) Air 35
414 1750 (955) Oil 42
420 1825 (995) Air 50
S42010 1850 (1010) Oil 48
431 1875 (1020) Oil 40
440A 1875 (1020) Air 55
440B 1875 (1020) Oil 56
440C 1875 (1020) Air 58
A Samples for testing shall be in the form of a section not exceeding 3⁄8 in. (9.50

mm) in thickness.
B Temperature tolerance is 625°F (14°C).
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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: A 313/A 313M – 03

Standard Specification for
Stainless Steel Spring Wire 1

This standard is issued under the fixed designation A 313/A 313M; 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 austenitic and age-hardenable
stainless steel round spring wire intended especially for the
manufacture of springs.

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

1.3 Unless the order specifies an “M” designation, the
material shall be furnished to inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:
A 555/A 555M Specification for General Requirements for

Stainless Steel Wire and Wire Rods2

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

E 527 Practice for Numbering Metals and Alloys (UNS)3

2.2 Society of Automotive Engineers Standard:
J 1086 Numbering Metals and Alloys4

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight),
3.1.2 Name of material (stainless steel spring wire),
3.1.3 Finish (see 8.1),
3.1.4 Dimension (diameter),

3.1.5 Type designation (Table 1),
3.1.6 ASTM designation and date of issue,
3.1.7 Supplementary requirements for government procure-

ment, and
3.1.8 Special requirements.

NOTE 1—A typical ordering description is as follows:
2000 lb (1000 kg) Stainless Steel Spring Wire, cold-drawn Class 1,

bright finish, 0.032-in. (0.82 mm) diameter, in 100-lb (50 kg) 16-in. (0.4
m) coils, Type 302 to ASTM A 313, dated ____.

4. General Requirements for Delivery

4.1 In addition to the requirements of this specification, all
requirements of the current edition of Specification A 555/
A 555M shall apply. Failure to comply with the general
requirements of Specification A 555/A 555M constitutes non-
conformance with this specification.

5. Manufacture

5.1 Types 302 Class 1, 304, 305, 316, 321, 347, and Grades
S20430 and XM-28 shall be cold drawn to produce the
required mechanical properties.

5.2 Type 631, Type 302 Class 2, and Grade XM-16 shall be
furnished in the cold-drawn condition ready for fabrication.
Following fabrication Type 631 and Grade XM-16 shall be age
or precipitation hardened to produce their maximum strength
properties. The tensile strengths to be obtained following the
prescribed heat treatment are shown in Table 2 and Table 3 for
hardened wire. Type 302 Class 2 shall be stress relieved
following fabrication and meet the requirements shown in
Table 4. The nominal as-drawn tensile strengths are provided
as a guide for the spring manufacturer.

6. Chemical Composition

6.1 The steel shall conform to the requirements as to
chemical composition prescribed in Table 1.

6.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

7. Mechanical Requirements

7.1 Tensile Properties:

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.17 on Flat-Rolled and Stainless Steel.

Current edition approved May 10, 2003. Published June 2003. Originally
approved in 1947 . Last previous edition approved in 1998 as A 313/A 313M – 98.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards,Vol 01.01.
4 Available from Society of Automotive Engineers (SAE), 400 Commonwealth

Dr., Warrendale, PA 15096.

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.



7.1.1 Types 302 Class 1 and 304 shall conform to the
requirements shown in Table 5.

7.1.2 Types 305, 316, 321, and 347 shall conform to the
requirements shown in Table 6.

7.1.3 Type 631 shall conform to the requirements shown in
Table 2 when heat treated 900°F [482°C] for 1 h and air cooled.

7.1.4 Grade XM-16 shall conform to the requirements
shown in Table 3 when heat treated 850°F [454°C] for1⁄2 h and
air cooled.

7.1.5 Grade XM-28 shall conform to the requirements
shown in Table 7.

7.1.6 Type 302 Class 2 shall conform to the requirements
shown in Table 4.

7.1.7 Grade S20430 shall conform to the requirements
shown in Table 8.

7.2 Wrap Test:

7.2.1 Wire 0.162 in. [4.11 mm] and smaller in diameter shall
wind on itself as an arbor without breaking.

7.2.2 Wire larger than 0.162 in. [4.11 mm] in diameter shall
wind without breaking on a mandrel having a diameter twice
the diameter of the wire.

7.3 Uniformity (Coil Test):
7.3.1 In the as-cold drawn condition, a specimen coil shall

be wound on an arbor of the size specified in Table 9 to form
a tightly wound coil.

7.3.2 After winding, the specimen coil shall be stretched to
a permanent set four times its as-wound length. After this
treatment, the specimen coil shall show uniform pitch with no
splits or fractures.

7.4 Cast—A loop or ring shall be cut from the bundle and
allowed to fall on the floor. The wire shall lie flat and not spring
up or show a wavy condition.

TABLE 1 Chemical Requirements

UNS Desig-
nationA

Type Composition,B %

Carbon Manganese Phosphorus Sulfur Silicon Chromium Nickel Molybdenum Nitrogen Other Elements

Austenitic Grades

S 24100 XM-28 0.15 11.0–14.0 0.060 0.030 1.00 16.5–19.0 0.50–2.50 0.20–0.45
S 30200 302 0.12 2.00 0.045 0.030 1.00 17.0–19.0 8.0–10.0 0.10
S 30400 304 0.08 2.00 0.045 0.030 1.00 18.0–20.0 8.0–10.5 0.10
S 30500 305 0.12 2.00 0.045 0.030 1.00 17.0–19.0 10.5–13.0
S 31600 316 0.07 2.00 0.045 0.030 1.00 16.5–18.0 10.5–13.5 2.00–2.50 0.10
S 32100
S 34700

321
347

0.08
0.08

2.00
2.00

0.045
0.045

0.030
0.030

1.00
1.00

17.0–19.0
17.0–19.0

9.0–12.0
9.0–13.0

Ti 53C min
(Cb + Ta) 103C min

Age-Hardenable Grades

S 17700
S 45500

631
XM-16

0.09
0.05

1.00
0.50

0.040
0.040

0.030
0.030

1.00
0.50

16.0–18.0
11.0–12.5

6.50– 7.8
7.50– 9.5 0.50 max

Al 0.75–1.50
Ti 0.80–1.40
Cu 1.50–2.50

(Cb + Ta) 0.10–0.50
S 20430 . . . 0.15 6.5–9.0 0.060 0.030 1.00 15.5–17.5 1.50– 3.50 0.05–0.25 Cu 2.0–4.0

A New designations established in accordance with Practice E 527 and SAE J 1086, Practice for Numbering Metals and Alloys (UNS).
B Maximum unless range is shown.

TABLE 2 Tensile Strength Requirements for Type 631 A

Diameter, in. [mm] Cold Drawn Condition
C, ksi [MPa]

Nominal

Condition CH-900B, ksi [MPa]

min max

0.010 [0.25] to 0.015 [0.38], incl 295 [2035] 335 [2310] 365 [2515]
Over 0.015 [0.38] to 0.020 [0.51], incl 290 [2000] 330 [2275] 360 [2480]
Over 0.020 [0.51] to 0.029 [0.74], incl 285 [1965] 325 [2240] 355 [2450]
Over 0.029 [0.74] to 0.041 [1.04], incl 275 [1895] 320 [2205] 350 [2415]
Over 0.041 [1.04] to 0.051 [1.30], incl 270 [1860] 310 [2135] 340 [2345]
Over 0.051 [1.30] to 0.061 [1.55], incl 265 [1825] 305 [2100] 335 [2310]
Over 0.061 [1.55] to 0.071 [1.80], incl 257 [1770] 297 [2050] 327 [2255]
Over 0.071 [1.80] to 0.086 [2.18], incl 255 [1760] 292 [2015] 322 [2220]
Over 0.086 [2.18] to 0.090 [2.29], incl 245 [1690] 282 [1945] 312 [2150]
Over 0.090 [2.29] to 0.100 [2.54], incl 242 [1670] 279 [1925] 309 [2130]
Over 0.100 [2.54] to 0.106 [2.69], incl 238 [1640] 274 [1890] 304 [2095]
Over 0.106 [2.69] to 0.130 [3.30], incl 236 [1625] 272 [1875] 302 [2080]
Over 0.130 [3.30] to 0.138 [3.50], incl 230 [1585] 260 [1795] 290 [2000]
Over 0.138 [3.50] to 0.146 [3.71], incl 228 [1570] 258 [1780] 288 [1985]
Over 0.146 [3.71] to 0.162 [4.11], incl 226 [1560] 256 [1765] 286 [1970]
Over 0.162 [4.11] to 0.180 [4.57], incl 224 [1545] 254 [1750] 284 [1960]
Over 0.180 [4.57] to 0.207 [5.26], incl 222 [1530] 252 [1740] 282 [1945]
Over 0.207 [5.26] to 0.225 [5.72], incl 218 [1505] 248 [1710] 278 [1915]
Over 0.225 [5.72] to 0.306 [7.77], incl 213 [1470] 242 [1670] 272 [1875]
Over 0.306 [7.77] to 0.440 [11.2], incl 207 [1425] 235 [1620] 265 [1825]
Over 0.440 [11.2] to 0.625 [15.88], incl 203 [1400] 230 [1585] 260 [1795]

A When wire is specified in straightened and cut lengths, the minimum tensile strength shall be 90 % of the values listed in the table.
B Aged at 900°F [482°C] for 1 h and air cooled.
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7.5 Bend Test—When specified in the purchase order, Types
302, 304, 305, 316, 321, and 347 shall be tested by the bend
test. A piece not more than 10 in. [254 mm] long shall be
selected from each test sample. These specimens shall be tested
in a bending machine conforming substantially to Fig. 1. Bends
shall be made at as nearly a uniform rate as possible, not

exceeding 50 bends per minute, and in no case shall the speed
be so great as to cause undue heating of the wire. The test
specimen shall be bent back and forth through a total angle of
180° until failure occurs. Each 90° movement in either
direction shall be counted as one bend. The wire shall
withstand the minimum number of bends specified in Table 5
and Table 6.

8. Finish

8.1 Stainless steel spring wire is supplied with different
types of finish such as bright, copper, lead, oxide, and other.

9. Keywords

9.1 austenitic stainless steel; precipitation hardening stain-
less steel; stainless steel spring wire

TABLE 3 Tensile Strength Requirements for Grade XM-16 A

Diameter, in. [mm] Cold Drawn, ksi [MPa]
Nominal

Age HardenedB, ksi [MPa]

min max

0.010 [0.25] to 0.040 [1.02], incl 245 [1690] 320 [2205] 350 [2415]
Over 0.040 [1.02] to 0.050 [1.27], incl 235 [1620] 310 [2135] 340 [2345]
Over 0.050 [1.27] to 0.060 [1.52], incl 225 [1550] 305 [2100] 335 [2310]
Over 0.060 [1.52] to 0.075 [1.90], incl 220 [1515] 295 [2035] 325 [2240]
Over 0.075 [1.90] to 0.085 [2.16], incl 215 [1480] 290 [2000] 320 [2205]
Over 0.085 [2.16] to 0.095 [2.41], incl 210 [1450] 285 [1965] 315 [2170]
Over 0.095 [2.41] to 0.110 [2.79], incl 200 [1380] 278 [1915] 308 [2125]
Over 0.110 [2.79] to 0.125 [3.17], incl 195 [1345] 272 [1875] 302 [2080]
Over 0.125 [3.17] to 0.150 [3.81], incl 190 [1310] 265 [1825] 295 [2035]
Over 0.150 [3.81] to 0.500 [12.7], incl 180 [1240] 260 [1795] 290 [2000]

A When wire is straightened and cut lengths, the minimum tensile strength shall be 90 % of the values listed in the table.
B Aged at 850°F [454°C] for 1⁄2 h and air cooled.

TABLE 4 Tensile Strength Requirement for Type 302 Class 2

Diameter, in. [mm]

ksi [MPa]

Cold Drawn
Nominal

Stress RelievedA

min max

0.050 [1.30] to 0.160
[4.00], incl

290 [2000] 290 [2000] 340 [2345]

A Stress relieved at 800 to 850°F [430 to 455°C] for 1⁄2 h and air cooled.
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TABLE 5 Tensile Strength Requirements for Types 302 Class 1 and 304 A

Diameter, in. [mm]
Bend Test Minimum Number of

Bends
ksi [MPa]

min max

Up to 0.009 [0.23], incl . . . 325 [2240] 355 [2450]
Over 0.009 [0.23] to 0.010 [0.25], incl . . . 320 [2205] 350 [2415]
Over 0.010 [0.25] to 0.011 [0.28], incl . . . 318 [2190] 348 [2400]
Over 0.011 [0.28] to 0.012 [0.30], incl . . . 316 [2180] 346 [2385]
Over 0.012 [0.30] to 0.013 [0.33], incl . . . 314 [2165] 344 [2370]
Over 0.013 [0.33] to 0.014 [0.36], incl . . . 312 [2150] 342 [2360]
Over 0.014 [0.36] to 0.015 [0.38], incl . . . 310 [2135] 340 [2345]
Over 0.015 [0.38] to 0.016 [0.41], incl . . . 308 [2125] 338 [2330]
Over 0.016 [0.41] to 0.017 [0.43], incl . . . 306 [2110] 336 [2315]
Over 0.017 [0.43] to 0.018 [0.46], incl . . . 304 [2095] 334 [2300]
Over 0.018 [0.46] to 0.020 [0.51], incl . . . 300 [2070] 330 [2275]
Over 0.020 [0.51] to 0.022 [0.56], incl . . . 296 [2040] 326 [2250]
Over 0.022 [0.56] to 0.024 [0.61], incl . . . 292 [2015] 322 [2220]
Over 0.024 [0.61] to 0.026 [0.66], incl 8 291 [2005] 320 [2205]
Over 0.026 [0.66] to 0.028 [0.71], incl 8 289 [1995] 318 [2190]
Over 0.028 [0.71] to 0.031 [0.79], incl 8 285 [1965] 315 [2170]
Over 0.031 [0.79] to 0.034 [0.86], incl 8 282 [1945] 310 [2135]
Over 0.034 [0.86] to 0.037 [0.94], incl 8 280 [1930] 308 [2125]
Over 0.037 [0.94] to 0.041 [1.04], incl 8 275 [1895] 304 [2095]
Over 0.041 [1.04] to 0.045 [1.14], incl 8 272 [1875] 300 [2070]
Over 0.045 [1.14] to 0.050 [1.27], incl 8 267 [1840] 295 [2035]
Over 0.050 [1.27] to 0.054 [1.37], incl 8 265 [1825] 293 [2020]
Over 0.054 [1.37] to 0.058 [1.47], incl 7 261 [1800] 289 [1990]
Over 0.058 [1.47] to 0.063 [1.60], incl 7 258 [1780] 285 [1965]
Over 0.063 [1.60] to 0.070 [1.78], incl 7 252 [1735] 281 [1935]
Over 0.070 [1.78] to 0.075 [1.90], incl 7 250 [1725] 278 [1915]
Over 0.075 [1.90] to 0.080 [2.03], incl 7 246 [1695] 275 [1895]
Over 0.080 [2.03] to 0.087 [2.21], incl 7 242 [1670] 271 [1870]
Over 0.087 [2.21] to 0.095 [2.41], incl 7 238 [1640] 268 [1850]
Over 0.095 [2.41] to 0.105 [2.67], incl 5 232 [1600] 262 [1805]
Over 0.105 [2.67] to 0.115 [2.92], incl 5 227 [1565] 257 [1770]
Over 0.115 [2.92] to 0.125 [3.17], incl 5 222 [1530] 253 [1745]
Over 0.125 [3.17] to 0.135 [3.43], incl 3 217 [1495] 248 [1710]
Over 0.135 [3.43] to 0.148 [3.76], incl 3 210 [1450] 241 [1660]
Over 0.148 [3.76] to 0.162 [4.11], incl 3 205 [1415] 235 [1620]
Over 0.162 [4.11] to 0.177 [4.50], incl 3 198 [1365] 228 [1570]
Over 0.177 [4.50] to 0.192 [4.88], incl 1 194 [1335] 225 [1550]
Over 0.192 [4.88] to 0.207 [5.26], incl 1 188 [1295] 220 [1515]
Over 0.207 [5.26] to 0.225 [5.72], incl 1 182 [1255] 214 [1475]
Over 0.225 [5.72] to 0.250 [6.35], incl 1 175 [1205] 205 [1415]
Over 0.250 [6.35] to 0.278 [7.06], incl 1 168 [1160] 198 [1365]
Over 0.278 [7.06] to 0.306 [7.77], incl 1 161 [1110] 192 [1325]
Over 0.306 [7.77] to 0.331 [8.41], incl 1 155 [1070] 186 [1280]
Over 0.331 [8.41] to 0.362 [9.19], incl 1 150 [1035] 180 [1240]
Over 0.362 [9.19] to 0.394 [10.00], incl 1 145 [1000] 175 [1205]
Over 0.394 [10.00] to 0.438 [11.12], incl 1 140 [965] 170 [1170]
Over 0.438 [11.12] to 0.500 [12.70], incl 1 135 [930] 165 [1140]
Over 0.500 [12.70] 130 [895] 160 [1105]

A When wire is specified in straightened and cut lengths, the minimum tensile strength shall be 90 % of the values listed in the table.
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TABLE 6 Tensile Strength Requirements for Types 305, 316, 321, and 347 A

Diameter, in. [mm] Bend Test Minimum Number of
Bends

ksi [MPa]

min max

Up to 0.010 [0.25], incl . . . 245 [1690] 275 [1895]
Over 0.010 [0.25] to 0.015 [0.38], incl . . . 240 [1655] 270 [1860]
Over 0.015 [0.38] to 0.024 [0.61], incl . . . 235 [1620] 265 [1825]
Over 0.024 [0.61] to 0.041 [1.04], incl 8 235 [1620] 265 [1825]
Over 0.041 [1.04] to 0.047 [1.19], incl 8 230 [1585] 260 [1790]
Over 0.047 [1.19] to 0.054 [1.37], incl 8 225 [1550] 255 [1760]
Over 0.054 [1.37] to 0.062 [1.57], incl 7 220 [1515] 250 [1725]
Over 0.062 [1.57] to 0.072 [1.83], incl 7 215 [1480] 245 [1690]
Over 0.072 [1.82] to 0.080 [2.03], incl 7 210 [1450] 240 [1655]
Over 0.080 [2.03] to 0.092 [2.34], incl 7 205 [1415] 235 [1620]
Over 0.092 [2.34] to 0.105 [2.67], incl 5 200 [1380] 230 [1585]
Over 0.105 [2.67] to 0.120 [3.05], incl 5 195 [1345] 225 [1550]
Over 0.120 [3.05] to 0.148 [3.76], incl 3 185 [1275] 215 [1480]
Over 0.148 [3.76] to 0.166 [4.22], incl 3 180 [1240] 210 [1450]
Over 0.166 [4.22] to 0.177 [4.50], incl 3 170 [1170] 200 [1380]
Over 0.177 [4.50] to 0.207 [5.26], incl 1 160 [1105] 190 [1310]
Over 0.207 [5.26] to 0.225 [5.72], incl 1 155 [1070] 185 [1275]
Over 0.225 [5.72] to 0.250 [6.35], incl 1 150 [1035] 180 [1240]
Over 0.250 [6.35] to 0.312 [7.92], incl 1 140 [965] 170 [1170]
Over 0.312 [7.92] to 0.375 [9.53], incl 1 135 [930] 165 [1140]
Over 0.375 [9.53] to 0.500 [12.70], incl 130 [895] 160 [1105]
Over 0.500 [12.70] 125 [860] 155 [1070]

A When wire is specified in straightened and cut lengths, the minimum tensile strength shall be 90 % of the values listed in the table.

TABLE 7 Tensile Strength Requirements for Grade XM-28 A

Diameter, in. [mm] ksi [MPa]

min max

Up to 0.009 [0.23], incl 325 [2240] 355 [2450]
Over 0.009 [0.23] to 0.010 [0.25], incl 320 [2205] 350 [2415]
Over 0.010 [0.25] to 0.011 [0.28], incl 318 [2195] 348 [2400]
Over 0.011 [0.28] to 0.012 [0.30], incl 316 [2180] 346 [2385]
Over 0.012 [0.30] to 0.013 [0.33], incl 314 [2165] 344 [2370]
Over 0.013 [0.33] to 0.014 [0.36], incl 312 [2150] 342 [2360]
Over 0.014 [0.36] to 0.015 [0.38], incl 310 [2135] 340 [2345]
Over 0.015 [0.38] to 0.016 [0.41], incl 308 [2125] 338 [2330]
Over 0.016 [0.41] to 0.017 [0.43], incl 306 [2110] 336 [2315]
Over 0.017 [0.43] to 0.018 [0.46], incl 304 [2095] 334 [2305]
Over 0.018 [0.46] to 0.020 [0.51], incl 300 [2070] 330 [2275]
Over 0.020 [0.51] to 0.022 [0.56], incl 296 [2040] 326 [2250]
Over 0.022 [0.56] to 0.024 [0.61], incl 292 [2015] 322 [2220]
Over 0.024 [0.61] to 0.026 [0.66], incl 289 [1995] 319 [2200]
Over 0.026 [0.66] to 0.028 [0.71], incl 286 [1970] 316 [2180]
Over 0.028 [0.71] to 0.032 [0.81], incl 282 [1945] 312 [2150]
Over 0.032 [0.81] to 0.037 [0.94], incl 277 [1910] 307 [2120]
Over 0.037 [0.94] to 0.041 [1.04], incl 273 [1880] 303 [2090]
Over 0.041 [1.04] to 0.047 [1.19], incl 270 [1860] 300 [2070]
Over 0.047 [1.19] to 0.054 [1.37], incl 265 [1825] 295 [2035]
Over 0.054 [1.37] to 0.087 [2.21], incl 260 [1795] 290 [2000]
Over 0.087 [2.21] to 0.120 [3.05], incl 255 [1760] 285 [1965]
Over 0.120 [3.05] to 0.166 [4.22], incl 250 [1725] 280 [1930]
Over 0.166 [4.22] to 0.192 [4.88], incl 240 [1655] 270 [1860]
Over 0.192 [4.88] to 0.225 [5.72], incl 230 [1585] 260 [1795]
Over 0.225 [5.72] to 0.278 [7.06], incl 215 [1480] 245 [1690]
Over 0.278 [7.06] to 0.331 [8.41], incl 200 [1380] 230 [1585]
Over 0.331 [8.41] to 0.394 [10.00], incl 185 [1275] 215 [1480]
Over 0.394 [10.00] to 0.500 [12.70], incl 160 [1105] 190 [1310]

A When wire is specified in straightened and cut lengths, the minimum tensile
strength shall be 85 % of the values listed in the table.

TABLE 8 Tensile Strength Requirement for Grade S20430

Diameter, in. [mm]
ksi [MPa]

min max

Over 0.080 [2.03] to 0.095 [2.41],
incl

230 [1585] 260 [1795]

Over 0.095 [2.41] to 0.105 [2.67],
incl

215 [1480] 245 [1690]

TABLE 9 Arbor Diameter Size for Uniformity Test

Wire Diameter, in. [mm] Arbor Diameter, in. [mm]

0.034 [0.85] and under 0.102 [2.60]
Over 0.034 [0.85] to 0.045 [1.20], incl 0.145 [3.70]
Over 0.045 [1.20] to 0.055 [1.40], incl 0.212 [5.40]
Over 0.055 [1.40] to 0.125 [3.20], incl 0.250 [6.40]
Over 0.125 [3.20] to 0.180 [4.60], incl 0.350 [9.00]

A 313/A 313M – 03
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SUPPLEMENTARY REQUIREMENTS

Unless otherwise specified in the purchase order, the following supplementary requirements shall
apply when this specification is used in government procurement of Type 631 spring wire up to and
including 0.162 in. [4.11 mm] in diameter.

S1. Wrapping Test

S.1.1 A wire specimen shall be wrapped five complete turns
around a mandrel equal to the diameter of the wire without any
surface breaks or cracks occurring in the wire. One specimen
shall be taken from every ten coils in the lot.

S2. Surface Examination

S2.1 A wire specimen shall be etched electrolytically in a
75 % phosphoric acid solution with a current density of 1A/in2.

for a sufficient time to remove up to 1 % of the diameter. After
etching the surface of the wire specimen it shall be examined
under a 10 power microscope for splits, seams, pits, die marks,
scratches, or other imperfections tending to impair the fatigue
resistance of springs. Appropriate higher magnification should
be used for sizes below 0.125 in. [3.17 mm]. Lubricating
coatings, which are insoluble in acid etch solution, shall be
removed before etching.

Diameter of Wire, in. [mm] Clearance C 6 0.005, in. [mm]

Over 0.026 to 0.105 [0.65 to 2.70], incl
Over 0.105 to 0.162 [2.70 to 4.10], incl
Over 0.162 to 0.180 [4.10 to 4.60], incl

0.688 [17.50]
0.813 [20.50]
0.938 [24.00]

FIG. 1 Schematic Arrangement of Bending Machine
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SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes made to this standard since the last issue
(A 313/A 313M-98) that may impact the use of this standard (approved May 10, 2003).

(1) The composition of S30200 was revised 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
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: A 314 – 97

Standard Specification for
Stainless Steel Billets and Bars for Forging 1

This standard is issued under the fixed designation A 314; 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 stainless steel billets and bars
intended only for forging.

2. Referenced Documents

2.1 ASTM Standards:
A 484/A 484M Specification for General Requirements for
Stainless Steel Bars, Billets and Forgings2

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products3

E 527 Practice for Numbering Metals and Alloys (UNS)4

2.2 Other Document:
SAE J1086 Recommended Practice for Numbering Metals
and Alloys5

3. Ordering Information

3.1 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:
3.1.1 Quantity (weight or number of pieces),
3.1.2 Name of material: type or UNS designation (Table 1),
3.1.3 Condition,
3.1.4 Cross section (round, round-cornered square, etc.),
3.1.5 Form: bar or forging billet,
3.1.6 Applicable dimensions, including size, thickness,

width, and length,
3.1.7 ASTM designation and date of issue,
3.1.8 Preparation for delivery (see Specification A 484/

A 484M),
3.1.9 Marking (see Specification A 484/A 484M), and
3.1.10 Exceptions to the specification or special require-

ments.
3.2 If possible, the intended use of the item should be given

on the purchase order especially when the item is ordered for
a specific end use or uses.

NOTE 1—A typical ordering description is as follows: 10 000 lb, Type
420, annealed, round-cornered square billets, ASTM A 314 dated ———
for valve parts.

4. Manufacture

4.1 Annealing
4.1.1 Blooms and billets of the 400 series of stainless steel

types which are highly hardenable, such as Types 414, 420,
431, 440A, 440B, and 440C, are commonly annealed prior to
shipment and so specified in order to avoid the possibility of
thermal cracking. Those grades are not normally furnished in
the as-rolled or as-forged condition. Other hardenable grades,
such as Types 403, 410, 416, and 416 Se, which may also
require annealing, depending on their composition and size, are
furnished suitable for cold cutting when so specified on the
purchase order.
4.2 Conditioning
4.2.1 Material may be conditioned by chipping or grinding

to remove injurious surface defects provided the depth of
conditioning does not exceed that which will affect the surface
condition or dimensions of the article to be forged from the bar
or billet.

5. Chemical Composition

5.1 The steel shall conform to the chemical composition
prescribed in Table 1 for the respective grades.
5.2 Methods and practices relating to chemical analysis

required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

6. Dimensions

6.1 Billets and bars shall conform to the shape and dimen-
sions specified by the purchaser within a permissible variation
of 65 %.

7. General Requirements

7.1 In addition to the requirements of this specification, all
requirements of the current edition of Specification A 484/
A 484M shall apply. Failure to comply with the general
requirements of Specification A 484/A 484M constitutes non-
conformance with this specification.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys, and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved Sept. 10, 1997. Published September 1998. Originally
published as A 314 – 47 T. Last previous edition A 314 – 95.

2 Annual Book of ASTM Standards, Vol 01.05.
3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 01.01.
5 Available from Society of Automotive Engineers, 400 Commonwealth Drive,

Warrendale, PA 15096.

1

AMERICAN SOCIETY FOR TESTING AND MATERIALS
100 Barr Harbor Dr., West Conshohocken, PA 19428
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8. Keywords

8.1 austenitic stainless steel; austenitic-ferritic duplex stain-
less steel; ferritic stainless steel; martensitic stainless steel;
stainless steel bars; stainless steel billets

TABLE 1 Chemical Requirements

UNS
Desig-
nationA

Type
Number

Chemical Composition, %B

Carbon
Man-

ganese,
Phos-
phorus,

Sulfur, Silicon, Chromium Nickel
Molyb-
denum

Nitrogen
Other

Elements

Austenitic Grades

S20161 . . . 0.15 4.00–6.00 0.040 0.040 3.00–4.00 15.00–18.00 4.00–6.00 . . . 0.08–0.20 . . .
S20200 202 0.15 7.50–10.00 0.060 0.030 1.00 17.00–19.00 4.00–6.00 . . . 0.25 . . .
S20910 XM-19 0.06 4.00–6.00 0.040 0.030 1.00 20.50–23.50 11.50–13.50 1.50–3.00 0.20–0.40 Cb 0.10–0.30

V 0.10–0.30
S21800 . . . 0.10 7.00–9.00 0.060 0.030 3.50–4.50 16.00–18.00 8.00–9.00 . . . 0.08–0.18 . . .
S21900 XM-10 0.08 8.00–10.00 0.060 0.030 1.00 19.00–21.50 5.50–7.50 . . . 0.15–0.40 . . .
S21904 XM-11 0.04 8.00–10.00 0.060 0.030 1.00 19.00–21.50 5.50–7.50 . . . 0.15–0.40 . . .
S24000 XM-29 0.08 11.50–14.50 0.060 0.030 1.00 17.00–19.00 2.25–3.75 . . . 0.20–0.40 . . .
S24100 XM-28 0.15 11.00–14.00 0.060 0.030 1.00 16.50–19.00 0.50–2.25 . . . 0.20–0.45 . . .
S28200 . . . 0.15 17.00–19.00 0.045 0.030 1.00 17.00–19.00 . . . 0.75–1.25 0.40–0.60 . . .
S30200 302 0.15 2.00 0.045 0.030 1.00 17.00–19.00 8.00–10.00 . . . 0.10 . . .
S30215 302B 0.15 2.00 0.045 0.030 2.00–3.00 17.00–19.00 8.00–10.00 . . . . . . . . .
S30300 303 0.15 2.00 0.20 0.15 min 1.00 17.00–19.00 8.00–10.00 . . . . . . . . .
S30323 303Se 0.15 2.00 0.20 0.06 1.00 17.00–19.00 8.00–10.00 . . . . . . Se 0.15 min
S30400 304 0.08 2.00 0.045 0.030 1.00 18.00–20.00 8.00–10.50 . . . 0.10 . . .
S30403 304L 0.030 2.00 0.045 0.030 1.00 18.00–20.00 8.00–12.00 . . . 0.10 . . .
S30500 305 0.12 2.00 0.045 0.030 1.00 17.00–19.00 10.50–13.00 . . . . . . . . .
S30800 308 0.08 2.00 0.045 0.030 1.00 19.00–21.00 10.00–12.00 . . . . . . . . .
S30900 309 0.20 2.00 0.045 0.030 1.00 22.00–24.00 12.00–15.00 . . . . . . . . .
S30908 309S 0.08 2.00 0.045 0.030 1.00 22.00–24.00 12.00–15. . . . . . . . .
S30940 309Cb 0.08 2.00 0.045 0.030 1.00 22.00–24.00 12.00–16.00 . . . . . . Cb + Ta − 10 3 C
S31000 310 0.25 2.00 0.045 0.030 1.50 24.00–26.00 19.00–22.00 . . . . . . . . .
S31008 310S 0.08 2.00 0.045 0.030 1.50 24.00–26.00 19.00–22.00 . . . . . . . . .
S31400 314 0.25 2.00 0.045 0.030 1.50–3.00 23.00–26.00 19.00–22.00 . . .. . . . . . .
S31600 316 0.08 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 0.10 . . .
S31603 316L 0.030 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 0.10 . . .
S31635 316Ti 0.08 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 . . . Ti − 5 3 (C+N)

min; 0.70
S31640 316Cb 0.08 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 . . . Cb + Ta − 10 3

C min; 1.10
S31700 317 0.08 2.00 0.045 0.030 1.00 18.00–20.00 11.00–15.00 3.00–4.00 0.10
S32100 321 0.08 2.00 0.045 0.030 1.00 17.00–19.00 9.00–12.00 . . . . . . Ti 5 3 C min
S33228 . . . 0.04–0.08 1.00 0.020 0.015 0.030 26.00–28.00 31.00–33.00 . . . . . . Cb 0.6–1.0

Ce 0.05–0.10
Al 0.025

S34700 347 0.08 2.00 0.045 0.030 1.00 17.00–19.00 9.00–13.00 . . . . . . Cb + Ta 10 3 C
min

S34800 348 0.08 2.00 0.045 0.030 1.00 17.00–19.00 9.00–13.00 . . . . . . Cb + Ta 10 3 C
min; Ta 0.10

S38031 . . . 0.015 2.0 0.020 0.010 0.3 26.0–28.0 30.0–32.0 6.0–7.0 0.15–0.25 Cu 1.0–1.5
S38926 . . . 0.020 2.00 0.03 0.01 0.5 19.00–21.00 24.00–26.00 6.0–7.0 0.15–0.25 Cu 0.5–1.5

Austenitic-Ferritic Grades

S32760C . . . 0.030 1.00 0.030 0.010 1.00 24.00–26.00 6.00–8.00 3.00–4.00 0.20–0.30 Cu 0.50–1.00
W 0.50–1.00

S32950 . . . 0.03 2.00 0.035 0.010 0.60 26.00–29.00 3.50–5.20 1.00–2.50 0.15–0.35 . . .

Ferritic Grades

S42900 429 0.12 1.00 0.040 0.030 1.00 14.00–16.00 . . . . . . . . . . . .
S43000 430 0.12 1.00 0.040 0.030 1.00 16.00–18.00 . . . . . . . . . . . .
S43020 430F 0.12 1.25 0.06 0.15 min 1.00 16.00–18.00 . . . 0.60D . . . . . .
S43023 430F Se 0.12 1.25 0.06 0.06 1.00 16.00–18.00 . . . . . . . . . Se 0.15 min
S44600 446 0.20 1.50 0.040 0.030 1.00 23.00–27.00 . . . . . . 0.25 . . .
S44625 XM-27E 0.010 0.40 0.020 0.020 0.40 25.00–27.50 0.50 0.75–1.50 0.015 . . .
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TABLE 1 Continued

UNS
Desig-
nationA

Type
Number

Chemical Composition, %B

Carbon
Man-

ganese,
Phos-
phorus,

Sulfur, Silicon, Chromium Nickel
Molyb-
denum

Nitrogen
Other

Elements

Martensitic Grades

S40300 403 0.15 1.00 0.040 0.030 0.50 11.50–13.00 . . . . . . . . . . . .
S41000 410 0.15 1.00 0.040 0.030 1.00 11.50–13.50 . . . . . . . . . . . .
S41400 414 0.15 1.00 0.040 0.030 1.00 11.50–13.50 1.25–2.50 . . . . . . . . .
S41425 . . . 0.05 0.50–1.00 0.020 0.005 0.50 12.0–15.0 4.0–7.0 1.50–2.00 0.06–0.12 Cu 0.30
S41600 416 0.15 1.25 0.06 0.15 min 1.00 12.00–14.00 . . . 0.60D . . . . . .
S41623 416Se 0.15 1.25 0.06 0.06 1.00 12.00–14.00 . . . . . . . . . Se 0.15 min
S42000 420 0.15 min 1.00 0.040 0.030 1.00 12.00–14.00 . . . . . . . . . . . .
S42010 . . . 0.15–0.30 1.00 0.04 0.03 1.00 13.50–15.00 0.35–0.85 0.40–0.85 . . . . . .
S43100 431 0.20 1.00 0.040 0.030 1.00 15.00–17.00 1.25–2.50 . . . . . . . . .
S44002 440A 0.60–0.75 1.00 0.040 0.030 1.00 16.00–18.00 . . . 0.75 . . . . . .
S44003 440B 0.75–0.95 1.00 0.040 0.030 1.00 16.00–18.00 . . . 0.75 . . . . . .
S44004 440C 0.95–1.20 1.00 0.040 0.030 1.00 16.00–18.00 . . . 0.75 . . . . . .
S50100 501 0.10 min 1.00 0.040 0.030 1.00 4.00–6.00 . . . 0.40–0.65 . . . . . .
S50200 502 0.10 1.00 0.040 0.030 1.00 4.00–6.00 . . . 0.40–0.65 . . . . . .

A New designation established in accordance with Practice E 527 and SAE J1086.
B Maximum unless otherwise indicated.
C % Cr + 3.3 3 % Mo + 16 3 % N $ 40.
D At the option of the manufacturer.
E Nickel plus copper combined; 0.50 max. Product analysis tolerance over the maximum limit for carbon and nitrogen to be 0.002 %.

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, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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Designation: A 314 – 97 (Reapproved 2002)

Standard Specification for
Stainless Steel Billets and Bars for Forging 1

This standard is issued under the fixed designation A 314; 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 stainless steel billets and bars
intended only for forging.

2. Referenced Documents

2.1 ASTM Standards:
A 484/A 484M Specification for General Requirements for

Stainless Steel Bars, Billets and Forgings2

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products3

E 527 Practice for Numbering Metals and Alloys (UNS)4

2.2 Other Document:
SAE J1086 Recommended Practice for Numbering Metals

and Alloys5

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight or number of pieces),
3.1.2 Name of material: type or UNS designation (Table 1),
3.1.3 Condition,
3.1.4 Cross section (round, round-cornered square, etc.),
3.1.5 Form: bar or forging billet,
3.1.6 Applicable dimensions, including size, thickness,

width, and length,
3.1.7 ASTM designation and date of issue,
3.1.8 Preparation for delivery (see Specification A 484/

A 484M),
3.1.9 Marking (see Specification A 484/A 484M), and

3.1.10 Exceptions to the specification or special require-
ments.

3.2 If possible, the intended use of the item should be given
on the purchase order especially when the item is ordered for
a specific end use or uses.

NOTE 1—A typical ordering description is as follows: 10 000 lb, Type
420, annealed, round-cornered square billets, ASTM A 314 dated ———
for valve parts.

4. Manufacture

4.1 Annealing
4.1.1 Blooms and billets of the 400 series of stainless steel

types which are highly hardenable, such as Types 414, 420,
431, 440A, 440B, and 440C, are commonly annealed prior to
shipment and so specified in order to avoid the possibility of
thermal cracking. Those grades are not normally furnished in
the as-rolled or as-forged condition. Other hardenable grades,
such as Types 403, 410, 416, and 416 Se, which may also
require annealing, depending on their composition and size, are
furnished suitable for cold cutting when so specified on the
purchase order.

4.2 Conditioning
4.2.1 Material may be conditioned by chipping or grinding

to remove injurious surface defects provided the depth of
conditioning does not exceed that which will affect the surface
condition or dimensions of the article to be forged from the bar
or billet.

5. Chemical Composition

5.1 The steel shall conform to the chemical composition
prescribed in Table 1 for the respective grades.

5.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

6. Dimensions

6.1 Billets and bars shall conform to the shape and dimen-
sions specified by the purchaser within a permissible variation
of 65 %.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys, and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved Sept. 10, 1997. Published September 1998. Originally
published as A 314 – 47 T. Last previous edition A 314 – 95.

2 Annual Book of ASTM Standards, Vol 01.05.
3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 01.01.
5 Available from Society of Automotive Engineers, 400 Commonwealth Drive,

Warrendale, PA 15096.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



7. General Requirements

7.1 In addition to the requirements of this specification, all
requirements of the current edition of Specification A 484/
A 484M shall apply. Failure to comply with the general
requirements of Specification A 484/A 484M constitutes non-
conformance with this specification.

8. Keywords

8.1 austenitic stainless steel; austenitic-ferritic duplex stain-
less steel; ferritic stainless steel; martensitic stainless steel;
stainless steel bars; stainless steel billets

TABLE 1 Chemical Requirements

UNS
Desig-
nationA

Type
Number

Chemical Composition, %B

Carbon
Man-

ganese,
Phos-

phorus,
Sulfur, Silicon, Chromium Nickel

Molyb-
denum

Nitrogen
Other

Elements

Austenitic Grades

S20161 . . . 0.15 4.00–6.00 0.040 0.040 3.00–4.00 15.00–18.00 4.00–6.00 . . . 0.08–0.20 . . .
S20200 202 0.15 7.50–10.00 0.060 0.030 1.00 17.00–19.00 4.00–6.00 . . . 0.25 . . .
S20910 XM-19 0.06 4.00–6.00 0.040 0.030 1.00 20.50–23.50 11.50–13.50 1.50–3.00 0.20–0.40 Cb 0.10–0.30

V 0.10–0.30
S21800 . . . 0.10 7.00–9.00 0.060 0.030 3.50–4.50 16.00–18.00 8.00–9.00 . . . 0.08–0.18 . . .
S21900 XM-10 0.08 8.00–10.00 0.060 0.030 1.00 19.00–21.50 5.50–7.50 . . . 0.15–0.40 . . .
S21904 XM-11 0.04 8.00–10.00 0.060 0.030 1.00 19.00–21.50 5.50–7.50 . . . 0.15–0.40 . . .
S24000 XM-29 0.08 11.50–14.50 0.060 0.030 1.00 17.00–19.00 2.25–3.75 . . . 0.20–0.40 . . .
S24100 XM-28 0.15 11.00–14.00 0.060 0.030 1.00 16.50–19.00 0.50–2.25 . . . 0.20–0.45 . . .
S28200 . . . 0.15 17.00–19.00 0.045 0.030 1.00 17.00–19.00 . . . 0.75–1.25 0.40–0.60 . . .
S30200 302 0.15 2.00 0.045 0.030 1.00 17.00–19.00 8.00–10.00 . . . 0.10 . . .
S30215 302B 0.15 2.00 0.045 0.030 2.00–3.00 17.00–19.00 8.00–10.00 . . . . . . . . .
S30300 303 0.15 2.00 0.20 0.15 min 1.00 17.00–19.00 8.00–10.00 . . . . . . . . .
S30323 303Se 0.15 2.00 0.20 0.06 1.00 17.00–19.00 8.00–10.00 . . . . . . Se 0.15 min
S30400 304 0.08 2.00 0.045 0.030 1.00 18.00–20.00 8.00–10.50 . . . 0.10 . . .
S30403 304L 0.030 2.00 0.045 0.030 1.00 18.00–20.00 8.00–12.00 . . . 0.10 . . .
S30500 305 0.12 2.00 0.045 0.030 1.00 17.00–19.00 10.50–13.00 . . . . . . . . .
S30800 308 0.08 2.00 0.045 0.030 1.00 19.00–21.00 10.00–12.00 . . . . . . . . .
S30900 309 0.20 2.00 0.045 0.030 1.00 22.00–24.00 12.00–15.00 . . . . . . . . .
S30908 309S 0.08 2.00 0.045 0.030 1.00 22.00–24.00 12.00–15. . . . . . . . .
S30940 309Cb 0.08 2.00 0.045 0.030 1.00 22.00–24.00 12.00–16.00 . . . . . . Cb + Ta − 10 3 C
S31000 310 0.25 2.00 0.045 0.030 1.50 24.00–26.00 19.00–22.00 . . . . . . . . .
S31008 310S 0.08 2.00 0.045 0.030 1.50 24.00–26.00 19.00–22.00 . . . . . . . . .
S31400 314 0.25 2.00 0.045 0.030 1.50–3.00 23.00–26.00 19.00–22.00 . . . . . . . . .
S31600 316 0.08 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 0.10 . . .
S31603 316L 0.030 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 0.10 . . .
S31635 316Ti 0.08 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 . . . Ti − 5 3 (C+N)

min; 0.70
S31640 316Cb 0.08 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 . . . Cb + Ta − 10 3

C min; 1.10
S31700 317 0.08 2.00 0.045 0.030 1.00 18.00–20.00 11.00–15.00 3.00–4.00 0.10
S32100 321 0.08 2.00 0.045 0.030 1.00 17.00–19.00 9.00–12.00 . . . . . . Ti 5 3 C min
S33228 . . . 0.04–0.08 1.00 0.020 0.015 0.030 26.00–28.00 31.00–33.00 . . . . . . Cb 0.6–1.0

Ce 0.05–0.10
Al 0.025

S34700 347 0.08 2.00 0.045 0.030 1.00 17.00–19.00 9.00–13.00 . . . . . . Cb + Ta 10 3 C
min

S34800 348 0.08 2.00 0.045 0.030 1.00 17.00–19.00 9.00–13.00 . . . . . . Cb + Ta 10 3 C
min; Ta 0.10

S38031 . . . 0.015 2.0 0.020 0.010 0.3 26.0–28.0 30.0–32.0 6.0–7.0 0.15–0.25 Cu 1.0–1.5
S38926 . . . 0.020 2.00 0.03 0.01 0.5 19.00–21.00 24.00–26.00 6.0–7.0 0.15–0.25 Cu 0.5–1.5

Austenitic-Ferritic Grades

S32760C . . . 0.030 1.00 0.030 0.010 1.00 24.00–26.00 6.00–8.00 3.00–4.00 0.20–0.30 Cu 0.50–1.00
W 0.50–1.00

S32950 . . . 0.03 2.00 0.035 0.010 0.60 26.00–29.00 3.50–5.20 1.00–2.50 0.15–0.35 . . .

Ferritic Grades

S42900 429 0.12 1.00 0.040 0.030 1.00 14.00–16.00 . . . . . . . . . . . .
S43000 430 0.12 1.00 0.040 0.030 1.00 16.00–18.00 . . . . . . . . . . . .
S43020 430F 0.12 1.25 0.06 0.15 min 1.00 16.00–18.00 . . . 0.60D . . . . . .
S43023 430F Se 0.12 1.25 0.06 0.06 1.00 16.00–18.00 . . . . . . . . . Se 0.15 min
S44600 446 0.20 1.50 0.040 0.030 1.00 23.00–27.00 . . . . . . 0.25 . . .
S44625 XM-27E 0.010 0.40 0.020 0.020 0.40 25.00–27.50 0.50 0.75–1.50 0.015 . . .
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TABLE 1 Continued

UNS
Desig-
nationA

Type
Number

Chemical Composition, %B

Carbon
Man-

ganese,
Phos-

phorus,
Sulfur, Silicon, Chromium Nickel

Molyb-
denum

Nitrogen
Other

Elements

Martensitic Grades

S40300 403 0.15 1.00 0.040 0.030 0.50 11.50–13.00 . . . . . . . . . . . .
S41000 410 0.15 1.00 0.040 0.030 1.00 11.50–13.50 . . . . . . . . . . . .
S41400 414 0.15 1.00 0.040 0.030 1.00 11.50–13.50 1.25–2.50 . . . . . . . . .
S41425 . . . 0.05 0.50–1.00 0.020 0.005 0.50 12.0–15.0 4.0–7.0 1.50–2.00 0.06–0.12 Cu 0.30
S41600 416 0.15 1.25 0.06 0.15 min 1.00 12.00–14.00 . . . 0.60D . . . . . .
S41623 416Se 0.15 1.25 0.06 0.06 1.00 12.00–14.00 . . . . . . . . . Se 0.15 min
S42000 420 0.15 min 1.00 0.040 0.030 1.00 12.00–14.00 . . . . . . . . . . . .
S42010 . . . 0.15–0.30 1.00 0.04 0.03 1.00 13.50–15.00 0.35–0.85 0.40–0.85 . . . . . .
S43100 431 0.20 1.00 0.040 0.030 1.00 15.00–17.00 1.25–2.50 . . . . . . . . .
S44002 440A 0.60–0.75 1.00 0.040 0.030 1.00 16.00–18.00 . . . 0.75 . . . . . .
S44003 440B 0.75–0.95 1.00 0.040 0.030 1.00 16.00–18.00 . . . 0.75 . . . . . .
S44004 440C 0.95–1.20 1.00 0.040 0.030 1.00 16.00–18.00 . . . 0.75 . . . . . .
S50100 501 0.10 min 1.00 0.040 0.030 1.00 4.00–6.00 . . . 0.40–0.65 . . . . . .
S50200 502 0.10 1.00 0.040 0.030 1.00 4.00–6.00 . . . 0.40–0.65 . . . . . .

A New designation established in accordance with Practice E 527 and SAE J1086.
B Maximum unless otherwise indicated.
C % Cr + 3.3 3 % Mo + 16 3 % N $ 40.
D At the option of the manufacturer.
E Nickel plus copper combined; 0.50 max. Product analysis tolerance over the maximum limit for carbon and nitrogen to be 0.002 %.

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: A 368 – 95a (Reapproved 2000)

Standard Specification for
Stainless Steel Wire Strand 1

This standard is issued under the fixed designation A 368; 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 stainless steel wire strand
composed of a multiplicity of round wires and suitable for use
as guy wires, overhead ground wires, and similar purposes.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:
A 555/A 555M Specification for General Requirements for

Stainless Steel Wire and Wire Rods2

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

3. Ordering Information

3.1 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:

3.1.1 Quantity (length of strand or weight of quantity
ordered, or both; see 13.1 and Table 1),

3.1.2 Name of material (stainless steel),
3.1.3 Form (wire strand in coils or on reels),
3.1.4 Applicable dimensions (for nominal strand diameter,

see Table 1),
3.1.5 Number of wires per strand (Table 1),
3.1.6 Minimum breaking strength (medium or high

strength),
3.1.7 Type designation (see Section 7),
3.1.8 ASTM designation, and date of issue, and
3.1.9 Special requirements, if any.

NOTE 1—A typical ordering description is as follows: 1000 ft, stainless
steel 7-wire strand,7⁄16-in. diameter, medium strength, on reel, Type 302,
ASTM A 368 dated _____.

4. General Requirements for Delivery

4.1 In addition to the requirements of this specification, all
requirements of the current edition of Specification A 555/

A 555M shall apply. Failure to comply with the general
requirements of Specification A 555/A 555M constitutes non-
conformance with this specification.

5. Stranding

5.1 Three-wire strand shall have a left lay with a uniform
pitch of not less than 10 nor more than 16 times the nominal
diameter of the strand. Seven-wire strand and the outer layer of
19-wire strand, shall have a left lay with a uniform pitch of not
less than 12 nor more than 16 times the nominal diameter of the
strand. A left lay is defined as a counter-clockwise twist away
from the observer. All wires shall be stranded with uniform
tension. Stranding shall be sufficiently close to ensure no
appreciable reduction in diameter when stressed to 10 % of the
specified strength.

5.2 All wires in the strand shall lie naturally in their true
positions in the completed strand, and when the strand is cut,
the ends shall remain in position or be readily replaced by hand
and then remain in position. This may be accomplished by any
means or process, such as preforming, post forming, or form
setting.

6. Joints

6.1 There shall be no strand joints or strand splices in any
length of the completed strand.

6.2 In 3-wire strand, there shall be no joints in the individual
wires.

6.3 In 7-wire strand, joints in individual wires shall be
acceptable provided there is not more than one joint in any
150-ft (46-m) section of the completed strand and the location
of each wire joint is marked on the strand with paint or some
other distinguishing mark.

6.4 In 19-wire strand, joints in the individual wires of the
outer layer of 12 wires shall be acceptable provided there is not
more than one joint in any 150-ft (46-m) section and the
location of each wire joint is marked on the strand with paint
or some other distinguishing mark. Joints in the 7-wire inner
layer of 19-wire strand shall be acceptable provided there is not
more than one joint in any 150-ft section.

6.5 Joints in the individual wires shall be flash or upset
butt-welded. Care shall be taken to prevent injury to the wire
during welding.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved Feb. 15, 1995. Published April 1995. Originally
published as A 368 – 53 T. Last previous edition A 368 – 95.

2 Annual Book of ASTM Standards,Vol 01.03.
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7. Chemical Composition

7.1 The steel shall be Type 302, 304, 305, 316, 316Cb, or
316Ti and shall conform to the requirements as to chemical
composition specified in Table 2.

7.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

8. Mechanical Requirements

8.1 The tensile strength requirements, based upon the nomi-
nal strand diameter and the number of wires in each strand,
shall conform to the requirements specified in Table 1. All
tension tests shall be made upon lengths of strand that do not
contain welds in the individual wires.

8.2 The individual wires of the completed strand shall not
fracture when wrapped in a close helix of at least two turns
upon itself as a mandrel at a rate not exceeding 15 turns/min.

9. Dimensions, Mass, and Permissible Variations

9.1 The nominal diameter of the finished strand and of the
individual wires, the number of wires per strand, and the
approximate weight per 1000 ft (or per 304.80 m) of strand are
shown in Table 1.

9.2 The diameter of the individual wires forming the strand
shall not vary from the nominal wire diameters by more than
60.001 in. (60.025 mm).

10. Workmanship, Finish, and Appearance

10.1 The finished strand shall be tight, smooth, and free of
imperfections not consistent with good commercial practice.

10.2 The diameter of the finished strand shall be uniform,
except for a minor increase in diameter due to a wire joint.

11. Sampling

11.1 Sampling for determination of compliance to this
specification shall be performed on each lot of completed
strand. A lot shall consist of all strand of one size (nominal
strand diameter, nominal wire diameter, and number of wires
per strand) and grade in each shipment.

12. Number of Tests and Retests

12.1 The number of samples tested shall be as follows:

Lot Size
No. of
Tests

Up to 500 ft (152 m), incl 1
Over 500 to 5000 ft (152 to 1524 m), incl 2
Over 5000 to 10 000 ft (1524 to 3048 m), inclA 3
Over 10 000 ft (3048 m)A 4

A When a lot consists of only one reel, tests must be of necessity be limited to
two in number (one from each end).

12.1.1 Each strand sample shall be subjected to the tension
test as specified in 8.1.

TABLE 1 Mechanical Properties of Stainless Steel Wire Strand

Nominal Diameter
of Strand,
in. (mm)

Number of Wires
in Strand

Nominal Diameter
of Stainless Wires, in. (mm)

Approximate Weight of
Strand per 1000 ft
(304.80 m), lb (kg)

Minimum Breaking Strength of Strand, lbf (kN)

Medium Strength High Strength

13⁄64 (5.16) 3 0.093 (2.36) 72 (32.66) 3 150 (14.01) 4 500 (20.02)
7⁄32 (5.56) 3 0.104 (2.64) 90 (40.82) 3 950 (17.57) 5 650 (25.13)
1⁄4 (6.35) 3 0.120 (3.05) 120 (54.43) 5 300 (23.58) 7 550 (33.58)
5⁄16 (7.94) 3 0.145 (3.68) 175 (79.38) 7 700 (34.25) 11 000 (48.93)
3⁄8 (9.52) 3 0.165 (4.19) 225 (102.06) 10 000 (44.48) 14 300 (63.61)
7⁄32 (5.56) 7 0.072 (1.83) 100 (45.36) 4 500 (20.02) 6 300 (28.02)
1⁄4 (6.35) 7 0.083 (2.11) 132 (59.87) 5 950 (26.47) 8 500 (37.81)
9⁄32 (7.14) 7 0.093 (2.36) 167 (75.75) 7 350 (32.69) 10 500 (46.71)
5⁄16 (7.94) 7 0.104 (2.64) 208 (94.35) 9 200 (40.92) 13 200 (58.72)
3⁄8 (9.52) 7 0.120 (3.05) 278 (126.10) 12 500 (55.60) 18 000 (80.07)
7⁄16 (11.11) 7 0.145 (3.68) 405 (183.71) 18 200 (80.96) 26 000 (115.65)
1⁄2 (12.70) 7 0.165 (4.19) 525 (238.14) 23 600 (104.98) 33 700 (149.90)
3⁄8 (9.52) 19 0.075 (1.90) 295 (133.81) 11 800 (52.49) 16 800 (74.73)
7⁄16 (11.11) 19 0.087 (2.21) 400 (181.44) 15 800 (70.28) 22 500 (100.08)
1⁄2 (12.70) 19 0.100 (2.54) 530 (240.40) 21 000 (93.41) 30 000 (133.45)
9⁄16 (14.29) 19 0.110 (2.79) 640 (290.30) 25 400 (112.98) 36 200 (161.02)
5⁄8 (15.88) 19 0.125 (3.18) 825 (374.21) 33 000 (146.79) 47 000 (209.07)
3⁄4 (19.05) 19 0.150 (3.81) 1,190 (539.78) 47 500 (211.29) 67 500 (300.25)
7⁄8 (22.22) 19 0.175 (4.44) 1,620 (734.82) 64 000 (284.69) 91 400 (406.57)

TABLE 2 Chemical Requirements

UNS
Designation

Type

Composition, %

Carbon,
max

Manga-
nese,
max

Phos-
phorus,

max

Sulfur,
max

Silicon,
max

Chromium Nickel
Molybdenum

Nitrogen,
max

Other Elements

S30200 302 0.15 2.00 0.045 0.030 1.00 17.00–19.00 8.00–10.00 . . . 0.10 . . .
S30400 304 0.08 2.00 0.045 0.030 1.00 18.00–20.00 8.00–10.50 . . . 0.10 . . .
S30500 305 0.12 2.00 0.045 0.030 1.00 17.00–19.00 10.50–13.00 . . . . . . . . .
S31600 316 0.08 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 0.10 . . .
S31635 316Ti 0.08 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 0.10 Ti 53(C+N) min,

0.70 max
S31640 316Cb 0.08 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 0.10 (Cb+Ta) 103C min,

1.10 max
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12.1.2 In addition to the strand testing specified in12.1.1,
the individual wires shall be subjected to the wrapping test
specified in 8.2. The number of individual wires to be tested
from each strand shall be as follows:

3-wire strand: test all 3 wires
7-wire strand: test any 4 wires
19-wire strand: test 3 wires from each layer (inner and outer layer),

for a total of 6 tests

12.2 In case of reasonable doubt in the first tests as to the
failure of the wire or strand to meet any requirement of this
specification, two additional tests shall be made on samples of
wire or strand from the same coil (or reel). If failure occurs in
either of these tests, the lot shall be rejected. However, the
producer may, at his option, requalify individual coils (or reels)
by performing the required tests on an individual coil (or reel)
basis.

13. Packaging and Marking

13.1 Wire strand shall be furnished in standard lengths (see
13.1.1) and in compact coils or on reels (see 13.1.2) as

specified by the purchaser; otherwise lengths shall be as agreed
upon at the time of purchase.

13.1.1 Standard lengths of strand are as follows: 100 ft
(30.48 m), 250 ft (76.2 m), 500 ft (152.40 m), 1000 ft (304.80
m), 2500 ft (762.00 m), and 5000 ft (1524.00 m).

13.1.2 Standard practice is to furnish all strand of7⁄16 in.
(11.11 mm) and over in diameter on reels in lengths of 1000 ft
(304.80 m) and over. Strand lengths of less than 1000 ft are
regularly furnished in coils.

13.2 The strand shall be protected against damage in ordi-
nary handling and shipping as agreed upon at the time of
purchase. Each coil (or reel) shall have a strong weather-proof
tag securely fastened to it showing the minimum breaking
strength, the nominal diameter of the strand, the length of the
strand, the steel type designation, ASTM Designation A 368
dated _____, and the name or mark of the manufacturer.

14. Keywords

14.1 stainless steel; wire strand

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
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Designation: A 380 – 99 e1

Standard Practice for
Cleaning, Descaling, and Passivation of Stainless Steel
Parts, Equipment, and Systems 1

This standard is issued under the fixed designation A 380; 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 A2.1 was corrected editorially in January 2000.

1. Scope

1.1 This practice covers recommendations and precautions
for cleaning, descaling, and passivating of new stainless steel
parts, assemblies, equipment, and installed systems. These
recommendations are presented as procedures for guidance
when it is recognized that for a particular service it is desired
to remove surface contaminants that may impair the normal
corrosion resistance, or result in the later contamination of the
particular stainless steel grade, or cause product contamination.
For certain exceptional applications, additional requirements
which are not covered by this practice may be specified upon
agreement between the manufacturer and the purchaser. Al-
though they apply primarily to materials in the composition
ranges of the austenitic, ferritic, and martensitic stainless
steels, the practices described may also be useful for cleaning
other metals if due consideration is given to corrosion and
possible metallurgical effects.

1.1.1 The term passivation is commonly applied to several
distinctly different operations or processes relating to stainless
steels. In order to avoid ambiguity in the setting of require-
ments, it may be necessary for the purchaser to define precisely
the intended meaning of passivation. Some of the various
meanings associated with the term passivation that are in
common usage include the following:

1.1.1.1 Passivation is the process by which a stainless steel
will spontaneously form a chemically inactive surface when
exposed to air or other oxygen-containing environments. It was
at one time considered that an oxidizing treatment was neces-
sary to establish this passive film, but it is now accepted that
this film will form spontaneously in an oxygen-containing
environment providing that the surface has been thoroughly
cleaned or descaled.

1.1.1.2 Passivation is removal of exogenous iron or iron
compounds from the surface of a stainless steel by means of a
chemical dissolution, most typically by a treatment with an
acid solution that will remove the surface contamination but
will not significantly affect the stainlees steel itself. This
process is described in a general way in 6.2.11 and defined
precisely in 6.4 with further reference to the requirements of
Annex A2 and Part II of the table on acid cleaning of steel.
Unless otherwise specified, it is this definition of passivation
that is taken as the meaning of a specified requirement for
passivation.

1.1.1.3 Passivation is the chemical treatment of a stainless
steel with a mild oxidant, such as a nitric acid solution, for the
purpose of enhancing the spontaneous formation of the protec-
tive passive film. Such chemical treatment is generally not
necessary for the formation of the passive film.

1.1.1.4 Passivation does not indicate the separate process of
descaling as described in Section 5, although descaling may be
necessary before passivation can be effective.

1.2 This practice does not cover decontamination or clean-
ing of equipment or systems that have been in service, nor does
it cover descaling and cleaning of materials at the mill. On the
other hand, some of the practices may be applicable for these
purposes. While the practice provides recommendations and
information concerning the use of acids and other cleaning and
descaling agents, it cannot encompass detailed cleaning proce-
dures for specific types of equipment or installations. It
therefore in no way precludes the necessity for careful planning
and judgment in the selection and implementation of such
procedures.

1.3 These practices may be applied when free iron, oxide
scale, rust, grease, oil, carbonaceous or other residual chemical
films, soil, particles, metal chips, dirt, or other nonvolatile
deposits might adversely affect the metallurgical or sanitary
condition or stability of a surface, the mechanical operation of
a part, component, or system, or contaminate a process fluid.
The degree of cleanness required on a surface depends on the
application. In some cases, no more than degreasing or removal

1 This practice is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.14 on Methods of Corrosion Testing.

Current edition approved Sept. 10, 1999. Published November 1999. Originally
published as A 380 – 54 T. Last previous edition A 380 – 96.
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of gross contamination is necessary. Others, such as food-
handling, pharmaceutical, aerospace, and certain nuclear ap-
plications, may require extremely high levels of cleanness,
including removal of all detectable residual chemical films and
contaminants that are invisible to ordinary inspection methods.

NOTE 1—The term “iron,” when hereinafter referred to as a surface
contaminant, shall denote free iron.

1.4 Attainment of surfaces that are free of iron, metallic
deposits, and other contamination depends on a combination of
proper design, fabrication methods, cleaning and descaling,
and protection to prevent recontamination of cleaned surfaces.
Meaningful tests to establish the degree of cleanness of a
surface are few, and those are often difficult to administer and
to evaluate objectively. Visual inspection is suitable for the
detection of gross contamination, scale, rust, and particulates,
but may not reveal the presence of thin films of oil or residual
chemical films. In addition, visual inspection of internal
surfaces is often impossible because of the configuration of the
item. Methods are described for the detection of free iron and
transparent chemical and oily deposits.

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.(For more specific
safety precautions see 7.2.5.3, 7.3.4, Section 8, A1.7, and
A2.11.)

2. Referenced Documents

2.1 ASTM Standards:
F 21 Test Method for Hydrophobic Surface Films by the

Atomizer Test2

F 22 Test Method for Hydrophobic Surface Films by the
Water-Break Test2

2.2 Federal Standard:
Fed. Std. No. 209e for Clean Room and Work Station

Requiring Controlled Environments3

3. Design

3.1 Consideration should be given in the design of parts,
equipment, and systems that will require cleaning to minimize
the presence of crevices, pockets, blind holes, undrainable
cavities, and other areas in which dirt, cleaning solutions, or
sludge might lodge or become trapped, and to provide for
effective circulation and removal of cleaning solutions. In
equipment and systems that will be cleaned in place or that
cannot be immersed in the cleaning solution, it is advisable to
slope lines for drainage: to provide vents at high points and
drains at low points of the item or system; to arrange for
removal or isolation of parts that might be damaged by the
cleaning solution or fumes from the cleaning solutions; to
provide means for attaching temporary fill and circulation
lines; and to provide for inspection of cleaned surfaces.

3.2 In a complex piping system it may be difficult to
determine how effective a cleaning operation has been. One
method of designing inspectability into the system is to provide
a short flanged length of pipe (that is, a spool piece) at a
location where the cleaning is likely to be least effective; the
spool piece can then be removed for inspection upon comple-
tion of cleaning.

4. Precleaning

4.1 Precleaning is the removal of grease, oil, paint, soil, grit,
and other gross contamination preparatory to a fabrication
process or final cleaning. Precleaning is not as critical and is
generally not as thorough as subsequent cleaning operations.
Materials should be precleaned before hot-forming, annealing,
or other high-temperature operation, before any descaling
operation, and before any finish-cleaning operation where the
parts will be immersed or where the cleaning solutions will be
reused. Items that are subject to several redraws or a series of
hot-forming operations, with intermediate anneals, must be
cleaned after each forming operation, prior to annealing.
Precleaning may be accomplished by vapor degreasing; im-
mersion in, spraying, or swabbing with alkaline or emulsion
cleaners, steam, or high-pressure water-jet (see 6.2).

5. Descaling

5.1 General—Descaling is the removal of heavy, tightly
adherent oxide films resulting from hot-forming, heat-
treatment, welding, and other high-temperature operations.
Because mill products are usually supplied in the descaled
condition, descaling (except removal of localized scale result-
ing from welding) is generally not necessary during fabrication
of equipment or erection of systems (see 6.3). When neces-
sary, scale may be removed by one of the chemical methods
listed below, by mechanical methods (for example, abrasive
blasting, sanding, grinding, power brushing), or by a combi-
nation of these.

5.2 Chemical Descaling (Pickling)—Chemical descaling
agents include aqueous solutions of sulfuric, nitric, and hydrof-
luoric acid as described in Annex A1, Table A1.1, molten alkali
or salt baths, and various proprietary formulations.

5.2.1 Acid Pickling— Nitric-hydrofluoric acid solution is
most widely used by fabricators of stainless steel equipment
and removes both metallic contamination, and welding and
heat-treating scales. Its use should be carefully controlled and
is not recommended for descaling sensitized austenitic stain-
less steels or hardened martensitic stainless steels or where it
can come into contact with carbon steel parts, assemblies,
equipment, and systems. See also A1.3. Solutions of nitric acid
alone are usually not effective for removing heavy oxide scale.

5.2.2 Surfaces to be descaled are usually precleaned prior to
chemical treatment. When size and shape of product permit,
total immersion in the pickling solution is preferred. Where
immersion is impractical, descaling may be accomplished by
(1) wetting the surfaces by swabbing or spraying; or (2) by
partially filling the item with pickling solution and rotating or
rocking to slosh the solution so that all surfaces receive the
required chemical treatment. The surface should be kept in
contact with agitated solution for about 15 to 30 min or until

2 Annual Book of ASTM Standards,Vol 10.05.
3 Available from Standardization Documents Order Desk, Bldg 4 Section D, 700

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

A 380 – 99e1

2



inspection shows that complete scale removal has been accom-
plished. Without agitation, additional exposure time may be
required. If rocking or rotation are impracticable, pickling
solution may be circulated through the item or system until
inspection shows that descaling has been accomplished.

5.2.3 Over-pickling must be avoided. Uniform removal of
scale with acid pickling depends on the acid used, acid
concentration, solution temperature, and contact time (see
Annex A1). Continuous exposure to pickling solutions for
more than 30 min is not recommended. The item should be
drained and rinsed after 30 min and examined to check the
effectiveness of the treatment. Additional treatment may be
required. Most pickling solutions will loosen weld and heat-
treating scale but may not remove them completely. Intermit-
tent scrubbing with a stainless steel brush or fiber-bristle brush,
in conjunction with pickling or the initial rinse, may facilitate
the removal of scale particles and products of chemical
reaction (that is, picklingsmut).

5.2.4 After chemical descaling, surfaces must be thoroughly
rinsed to remove residual chemicals; a neutralization step is
sometimes necessary before final rinsing. To minimize stain-
ing, surfaces must not be permitted to dry between successive
steps of the acid descaling and rinsing procedure, and thorough
drying should follow the final water rinse. Chemical descaling
methods, factors in their selection, and precautions in their use
are described in theMetals Handbook.4 When chemical
descaling is necessary, it should be done while the part is in its
simplest possible geometry, before subsequent fabrication or
installation steps create internal crevices or undrainable spaces
that may trap descaling agents, sludge, particles, or contami-
nated rinse water that might either result in eventual corrosion
or adversely affect operation of the item after it is placed in
service.

5.3 Mechanical Descaling—Mechanical descaling methods
include abrasive blasting, power brushing, sanding, grinding,
and chipping. Procedural requirements and precautions for
some of these methods are given in theMetals Handbook.4

Mechanical descaling methods have the advantage that they do
not produce such physical or chemical conditions as inter-
granular attack, pitting, hydrogen embrittlement, cracks, or
smut deposits. For some materials, in particular the austenitic
stainless steels when in the sensitized condition and the
martensitic stainless steels when in the hardened condition,
mechanical descaling may be the only suitable method. Grind-
ing is usually the most effective means of removing localized
scale such as that which results from welding. Disadvantages
of mechanical descaling are cost, as compared to chemical
descaling, and the fact that surface defects (for example, laps,
pits, slivers) may be obscured, making them difficult to detect.

5.3.1 Surfaces to be descaled may have to be precleaned.
Particular care must be taken to avoid damage by mechanical
methods when descaling thin sections, polished surfaces, and
close-tolerance parts. After mechanical descaling, surfaces
should be cleaned by scrubbing with hot water and fiber
brushes, followed by rinsing with clean, hot water.

5.3.2 Grinding wheels and sanding materials should not
contain iron, iron oxide, zinc, or other undersirable materials
that may cause contamination of the metal surface. Grinding
wheels, sanding materials, and wire brushes previously used on
other metals should not be used on stainless steel. Wire brushes
should be of a stainless steel which is equal in corrosion
resistance to the material being worked on.

5.3.3 Clean, previously unused abrasives, such as glass
beads or iron-free silica or alumina sand, are recommended for
abrasive blasting. Steel shot or grit is generally not recom-
mended because of the possibility of embedding iron particles.
The use of stainless steel shot or grit reduces the danger of
rusting and iron contamination, but cannot completely elimi-
nate the possibility of embedding residues of iron-oxide scale.

5.3.4 If a totally iron and scale free surface is required, most
abrasive blasting may be followed by a brief acid dip (see
Annex A2).

6. Cleaning

6.1 General—Cleaning includes all operations necessary
for the removal of surface contaminants from metals to ensure
(1) maximum corrosion resistance of the metal; (2) prevention
of product contamination; and (3) achievement of desired
appearance. Cleanness is a perishable condition. Careful plan-
ning is necessary to achieve and maintain clean surfaces,
especially where a high degree of cleanness is required.
Selection of cleaning processes is influenced mainly by the
type of contaminant to be removed, the required degree of
cleanness, and cost. If careful control of fabrication processes,
sequencing of cleaning and fabrication operations, and mea-
sures to prevent recontamination of cleaned surfaces are
exercised, very little special cleaning of the finished item or
system may be necessary to attain the desired level of
cleanness. If there is a question concerning the effectiveness of
cleaning agents or procedures, or the possible adverse effects
of some cleaning agents or procedures on the materials to be
cleaned, trial runs, using test specimens and sensitive inspec-
tion techniques may be desirable. Descriptions, processes, and
precautions to be observed in cleaning are given in theMetals
Handbook.4 Proprietary cleaners may contain harmful ingredi-
ents, such as chlorides or sulfur compounds, which could
adversely affect the performance of a part, equipment, or
system under service conditions. It is recommended that the
manufacturer of the cleaner be consulted if there is reason for
concern.

NOTE 2—Instances are known where stainless steel vessels have stress
cracked before start-up due to steaming out or boiling out with a
chloride-containing detergent.

6.2 Cleaning Methods— Degreasing and general cleaning
may be accomplished by immersion in, swabbing with, or
spraying with alkaline, emulsion, solvent, or detergent cleaners
or a combination of these; by vapor degreasing; by ultrasonics
using various cleaners; by steam, with or without a cleaner; or
by high-pressure water-jetting. The cleaning method available
at any given time during the fabrication or installation of a
component or system is a function of the geometric complexity
of the item, the type of contamination present, the degree of
cleanliness required, and cost. Methods commonly used for

4 “Surface Cleaning, Finishing, and Coating,’’Metals Handbook,Am. Soc.
Metals, 9th ed., Vol 5, 1982.
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removing deposited contaminants (as opposed to scale) are
described briefly below and in greater detail (including factors
to be considered in their selection and use) in theMetals
Handbook4and theSSPC Steel Structures Painting Handbook.5

The safety precautions of 8.6 must be observed in the use of
these methods. Particular care must be exercised when clean-
ing closed systems and items with crevices or internal voids to
prevent retention of cleaning solutions and residues.

6.2.1 Alkaline Cleaningis used for the removal of oily,
semisolid, and solid contaminants from metals. To a great
extent the solutions used depend on their detergent qualities for
cleaning action and effectiveness. Agitation and temperature of
the solution are important.

6.2.2 Emulsion Cleaningis a process for removing oily
deposits and other common contaminants from metals by the
use of common organic solvents dispersed in an aqueous
solution with the aid of a soap or other emulsifying agent (an
emulsifying agent is one which increases the stability of a
dispersion of one liquid in another). It is effective for removing
a wide variety of contaminants including pigmented and
unpigmented drawing compounds and lubricants, cutting flu-
ids, and residues resulting from liquid penetrant inspection.
Emulsion cleaning is used when rapid, superficial cleaning is
required and when a light residual film of oil is not objection-
able.

6.2.3 Solvent Cleaning is a process for removing contami-
nants from metal surfaces by immersion or by spraying or
swabbing with common organic solvents such as the aliphatic
petroleums, chlorinated hydrocarbons, or blends of these two
classes of solvents. Cleaning is usually performed at or slightly
above room temperature. Except for parts with extremely
heavy contamination or with hard-to-reach areas, or both, good
agitation will usually eliminate the need for prolonged soaking.
Virtually all metal can be cleaned with the commonly used
solvents unless the solvent has become contaminated with acid,
alkali, oil, or other foreign material. Chlorinated solvents are
not recommended for degreasing of closed systems or items
with crevices or internal voids.

6.2.4 Vapor Degreasing is a generic term applied to a
cleaning process that employs hot vapors of a volatile chlori-
nated solvent to remove contaminants, and is particularly
effective against oils, waxes, and greases. The cleanness and
chemical stability of the degreasing solvent are critical factors
in the efficiency of the vapor and possible chemical attack of
the metal. Water in the degreasing tank or on the item being
cleaned may react with the solvent to form hydrochloric acid,
which may be harmful to the metal. No water should be present
in the degreasing tank or on the item being cleaned. Acids,
oxidizing agents, and cyanides must be prevented from con-
taminating the solvent. Materials such as silicones cause
foaming at the liquid-vapor interface and may result in
recontamination of the workpiece as it is removed from the
degreaser. Vapor degreasing with chlorinated solvents is not
recommended for closed systems or items with internal voids
or crevices.

6.2.5 Ultrasonic Cleaningis often used in conjunction with
certain solvent and detergent cleaners to loosen and remove
contaminants from deep recesses and other difficult to reach
areas, particularly in small work-pieces. Cavitation in the
liquid produced by the high frequency sound causes micro
agitation of the solvent in even tiny recesses of the workpiece,
making the method especially desirable for cleaning parts or
assemblies having an intricate configuration. For extremely
high levels of surface cleanness, high-purity solvents (1 ppm
total nonvolatile residue) are required.

6.2.6 Synthetic Detergentsare extensively used as surface-
active agents because they are freer rinsing than soaps, aid in
soils dispersion, and prevent recontamination. They are effec-
tive for softening hard water and in lowering the surface and
interfacial tensions of the solutions. Synthetic detergents, in
particular, should be checked for the presence of harmful
ingredients as noted in 6.1.

6.2.7 Chelate Cleaning— Chelates are chemicals that form
soluble, complex molecules with certain metal ions, inactivat-
ing the ions in solution so they cannot normally react with
another element or ions to produce precipitates or scale. They
enhance the solubility of scales and certain other contaminants,
do not precipitate different scales when the cleaning solution
becomes spent, and can be used on some scales and contami-
nants that even mineral acids will not attack. When properly
used (chelating agents must be continuously circulated and
must be maintained within carefully controlled temperature
limits), intergranular attack, pitting, and other harmful effects
are minimal. Chelating agents are particularly useful for
cleaning installed equipment and systems.

6.2.8 Mechanical Cleaning(also see 5.3)—Abrasive blast-
ing, vapor blasting using a fine abrasive suspended in water,
grinding, or wire brushing are often desirable for removing
surface contaminants and rust. Cleanliness of abrasives and
cleaning equipment is extremely important to prevent recon-
tamination of the surfaces being cleaned. Although surfaces
may appear visually clean following such procedures, residual
films which could prevent the formation of an optimum passive
condition may still be present. Subsequent treatment such as
additional iron-free abrasive cleaning methods, acid cleaning,
passivation, or combinations of these is, therefore, required for
stainless steel parts, equipment, and systems to be used where
corrosion resistance is a prime factor to satisfy performance
and service requirements, or where product contamination
must be avoided.

6.2.9 Steam Cleaning is used mostly for cleaning bulky
objects that are too large for soak tanks or spray-washing
equipment. It may be used with cleaning agents such as
emulsions, solvents, alkalis, and detergents. Steam lances are
frequently used for cleaning piping assemblies. Steam pres-
sures from 50 to 75 psi (345 to 515 kPa) are usually adequate
(see 6.1).

6.2.10 Water-Jetting at water pressures of up to 10 000 psi
(70 mPa) is effective for removing grease, oils, chemical
deposits (except adsorbed chemicals), dirt, loose and moder-
ately adherent scale, and other contaminants that are not
actually bonded to the metal. The method is particularly
applicable for cleaning piping assemblies which can withstand

5 Good Painting Practices,Steel Structures Painting Council, Vol 1, 1982,
Chapters 2.0–2.9, 3.1–3.2.

A 380 – 99e1

4



the high pressures involved; self-propelled nozzles or “moles”
are generally used for this purpose.

6.2.11 Acid Cleaning is a process in which a solution of a
mineral or organic acid in water, sometimes in combination
with a wetting agent or detergent or both, is employed to
remove iron and other metallic contamination, light oxide
films, shop soil, and similar contaminants. Suggested solutions,
contact times, and solution temperatures for various alloys are
given in Annex A2. Acid cleaning is not generally effective for
removal of oils, greases, and waxes. Surfaces should be
precleaned to remove oils and greases before acid cleaning.
Common techniques for acid cleaning are immersion, swab-
bing, and spraying. Maximum surface quality is best achieved
by using a minimum cleaning time at a given acid concentra-
tion and temperature. After acid cleaning the surfaces must be
thoroughly rinsed with clean water to remove all traces of the
acid and thoroughly dried after the final water rinse. To
minimize staining, surfaces must not be permitted to dry
between successive steps of the acid cleaning and rinsing
procedure. A neutralizing treatment may be required under
some conditions; if used, neutralization must be followed by
repeated water rinsing to remove all trace of the neutralizing
agent followed by thorough drying after the final water rinse.
Acid cleaning is not recommended where mechanical cleaning
or other chemical methods will suffice on the basis of intended
use and, as may be necessary, on inspection tests (see 7.2 and
7.3). Requirements for superfluous cleaning and inspection
testing can result in excessive costs. Acid cleaning, if not
carefully controlled, may damage the surface and may result in
further contamination of the surface.

6.3 Cleaning of Welds and Weld-Joint Areas—The joint area
and surrounding metal for several inches back from the joint
preparation, on both faces of the weld, should be cleaned
immediately before starting to weld. Cleaning may be accom-
plished by brushing with a clean stainless steel brush or
scrubbing with a clean, lint-free cloth moistened with solvent,
or both. When the joint has cooled after welding, remove all
accessible weld spatter, welding flux, scale, arc strikes, etc., by
grinding. According to the application, some scale or heat
temper may be permissible on the nonprocess side of a weld,
but should be removed from the process side if possible. If
chemical cleaning of the process side of the weld is deemed
necessary, the precautions of this standard must be observed.
Austenitic stainless steels in the sensitized condition should
generally not be descaled with nitric-hydrofluoric acid solu-
tions. Welds may also be cleaned as described in Table A2.1,
Part III, TreatmentP andQ (also see 5.2.3 and 5.2.4).

6.4 Final Cleaning or Passivation, or Both—If proper care
has been taken in earlier fabrication and cleaning, final
cleaning may consist of little more than scrubbing with hot
water or hot water and detergent (such as trisodium phosphate,
TSP), using fiber brushes. Detergent washing must be followed
by a hot-water rinse to remove residual chemicals. Spot
cleaning to remove localized contamination may be accom-
plished by wiping with a clean, solvent-moistened cloth. If the
purchaser specifies passivation, the final cleaning shall be in
accordance with the requirements of Table A2.1, Part II. When
the stainless steel parts are to be used for applications where

corrosion resistance is a prime factor to achieve satisfactory
performance and service requirements, or where product con-
tamination must be avoided, passivation followed by thorough
rinsing several times with hot water and drying thoroughly
after the final water rinse is recommended, whenever practical.

6.5 Precision Cleaning—Certain nuclear, space, and other
especially critical applications may require that only very
high-purity alcohols, acetone, ketones, or otherprecision
cleaning agentsbe used for final cleaning or recleaning of
critical surfaces after fabrication advances to the point that
internal crevices, undrainable spaces, blind holes, or surfaces
that are not accessible for thorough scrubbing, rinsing, and
inspection are formed. Such items are often assembled under
clean-room conditions (see 8.5.5) and require approval, by the
purchaser, of carefully prepared cleaning procedures before the
start of fabrication.

6.6 Cleaning of Installed Systems—There are two ap-
proaches to cleaning installed systems. In the first, which is
probably adequate for most applications, cleaning solutions are
circulated through the completed system after erection, taking
care to remove or protect items that could be damaged during
the cleaning operation. In the second approach, which may be
required for gaseous or liquid oxygen, liquid metal, or other
reactive-process solutions, piping and components are installed
in a manner to avoid or minimize contamination of process-
solution surfaces during erection so that little additional
cleaning is necessary after erection; post-erection flushing, if
necessary, is done with the process fluid. If process surfaces are
coated with an appreciable amount of iron oxide, a chelating
treatment or high-pressure water-jetting treatment should be
considered in place of acid treatment (see 6.2.7 and 6.2.10).

6.6.1 Post-Erection Cleaning—Circulate hot water to which
a detergent has been added, for at least 4 to 8 h. A water
temperature of at least 140 to 160°F (60 to 71°C) is recom-
mended (see 6.1). Rinse by circulating clean hot water until the
effluent is clear. If excessive particulate matter is present, the
cleaning cycle may be preceded with a high-pressure steam
blow, repeating as necessary until a polished-aluminum target
on the outlet of the system is no longer dulled and scratched by
particulates loosened by the high-velocity steam. Valves and
similar items must be protected from damage during a steam
blow.

6.6.2 If metallic iron is indicated by one of the methods
suggested in Section 7, it can be removed by circulating one of
the acid cleaning solutions suggested in Annex A2 at room
temperature until laboratory determination for iron, made on
samples of the solution taken hourly, indicates no further
increase in iron content, after which circulation may be stopped
and the system drained. After this treatment, circulate clean hot
water (that is, without detergent) through the system for 4 h to
remove all traces of acid and corrosion product resulting from
the acid treatment, or until the pH of the rinse water returns to
neutral.

6.6.3 In critical systems where post-erection cleaning is not
desirable (for example, liquid oxygen or nuclear reactor
primary coolant systems), on-site erection may be conducted
under clean-room conditions. Erection instructions may require
that wrapping and seals of incoming materials and equipment
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be kept intact until the item is inside the clean area, and that
careful surveillance be exercised to prevent foreign materials
(for example, cleaning swabs or tools) from being dropped or
left in the system. Where contamination does occur, the
cleaning procedure usually is developed through consultation
between the erector and the purchaser (or his site representa-
tive). Frequently, post-erection flushing is accomplished by
circulating the process fluid through the system until contami-
nation is reduced to tolerable levels.

6.6.4 When cleaning critical installed systems, do not per-
mit the process surfaces to dry between successive cleaning
and rinsing steps, or between the final rinse and filling with the
layup solution.

7. Inspection After Cleaning

7.1 General—Inspection techniques should represent care-
ful, considered review of end use requirements of parts,
equipment, and systems. There is no substitute for good,
uniform, cleaning practices which yield a metallurgically
sound and smooth surface, followed by adequate protection to
preserve that condition. Establishment of the most reliable tests
and test standards for cleanness are helpful in attaining the
desired performance of parts, equipment, and systems. Testing
should be sufficiently extensive to ensure the cleanness of all
surfaces exposed to process fluids when in service. The
following represent some tests that have been successfully
applied to stainless steels. The purchaser shall have the option
of specifying in his purchase documents that any of these
quality assurance tests be used as the basis for acceptability of
the cleanness or state of passivity of the stainless steel item.

7.2 Gross Inspection:
7.2.1 Visual—Items cleaned in accordance with this practice

should be free of paint, oil, grease, welding flux, slag,
heat-treating and hot-forming scale (tightly adherent scale
resulting from welding may be permissible on some surfaces),
dirt, trash, metal and abrasive particles and chips, and other
gross contamination. Some deposited atmospheric dust will
normally be present on exterior surfaces but should not be
present on interior surfaces. Visual inspection should be carried
out under a lighting level, including both general and supple-
mentary lighting, of at least 100 footcandles (1076 lx), and
preferably 250 footcandles (2690 lx) on the surfaces being
inspected. Visual inspection should be supplemented with
borescopes, mirrors, and other aids, as necessary, to properly
examine inaccessible or difficult-to-see surfaces. Lights should
be positioned to prevent glare on the surfaces being inspected.

7.2.2 Wipe Tests—Rubbing of a surface with a clean,
lint-free, white cotton cloth, commercial paper product, or filter
paper moistened (but not saturated) with high-purity solvent
(see 6.5), may be used for evaluating the cleanness of surfaces
not accessible for direct visual inspection. Wipe tests of small
diameter tubing are made by blowing a clean white felt plug,
slightly larger in diameter than the inside diameter of the tube,
through the tube with clean, dry, filtered compressed air.
Cleanness in wipe tests is evaluated by the type of contamina-
tion rubbed off on the swab or plug. The presence of a smudge
on the cloth is evidence of contamination. In cases of dispute
concerning the harmful nature of the contamination, a sample
of the smudge may be transferred to a clean quartz microscope

slide for infrared analysis. The wipe test is sometimes supple-
mented by repeating the test with a black cloth to disclose
contaminants that would be invisible on a white cloth.

7.2.3 Residual Pattern—Dry the cleaned surface after
finish-cleaning at 120°F (49°C) for 20 min. The presence of
stains or water spots on the dried surfaces indicates the
presence of residual soil and incomplete cleaning. The test is
rapid but not very sensitive.

7.2.4 Water-Break Test—This is a test for the presence of
hydrophobic contaminants on a cleaned surface. It is applicable
only for items that can be dipped in water and should be made
with high-purity water. The test procedure and interpretation of
results are described in Test Method F 22. The test is moder-
ately sensitive.

7.2.5 Tests for Free Iron: Gross Indications—When iron
contamination is clearly visible, items should be cleaned in
accordance with this practice.

7.2.5.1 Water-Wetting and Drying—Formation of rust stains
may be accelerated by periodically wetting the surface with
preferably distilled or deionized water or clean, fresh, potable
tap water. The wet-dry cycles should be such that the sample
remains dry for a total of 8 h in a 24-h test period. After
completion of this test, the surface should show no evidence of
rust stains or other corrosion products.

7.2.5.2 High-Humidity Test—Subject the surface to a 95 to
100 % humidity at 100 to 115°F (38 to 46°C) in a suitable
humidity cabinet for 24 to 26 h. After completion of this test,
the surface should show no evidence of rust stains or other
corrosion products.

7.2.5.3 Copper Sulfate Test—This method is recommended
for the detection of metallic iron or iron oxide on the surface of
austenitic 200 and 300 Series, the precipitation hardening
alloys, and the ferritic 400 Series stainless steels containing
16% chromium or more. It is not recommended for the
martensitic and lower chromium ferritic stainless steels of the
400 Series since the test will show a positive reaction on these
materials. This test is hypersensitive and should be used and
interpreted only by personnel familiar with its limitations.
Caution: This test must not be applied to surfaces of items to
be used in food processing. The test solution is prepared by first
adding sulfuric acid to distilled water (Caution: Always add
acid to cold water) and then dissolving copper sulfate in the
following proportions:

250-cm3 Batch
Distilled water
Sulfuric acid (H2SO4, sp gr 1.84) 1 cm3

Copper sulfate (CuSO4·5H2O) 4 g

Swab the surface to be inspected with test solution, applying
additional solution if needed to keep the surface wet for a
period of 6 min. The specimen shall be rinsed and dried in a
manner not to remove any deposited copper. Copper deposit
will indicate the presence of free iron.

NOTE 3—The copper sulfate test as set forth above is not applicable to
surgical and dental instruments made of hardened martensitic stainless
steels. Instead, a specialized copper sulfate test is extensively used for the
purpose of detecting free iron and determining overall good manufactur-
ing practice. Copper deposits at the surface of such instruments are wiped
with moderate vigor to determine if the copper is adherent or nonadherent.
Instruments with nonadherent copper are considered acceptable. The
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specialized test solution is prepared by first adding 5.4 cm3 of sulfuric acid
(H2SO4, sp gr 1.84) to 90 cm3 of distilled water and then dissolving 4 g
of copper sulfate (CuSO4·5H2O).

7.2.5.4 Aqueous copper sulfate solutions more than two
weeks old shall not be used for this test.

7.3 Precision Inspection:
7.3.1 Solvent-Ring Testis a test to reveal the presence of

tightly adherent transparent films that may not be revealed by
visual inspection or wipe tests. A comparison standard is
prepared by placing on a clean quartz microscope slide a single
drop of high-purity solvent and allowing it to evaporate. Next
place another drop on the surface to be evaluated, stir briefly,
and transfer, using a clean capillary or glass rod, to a clean
quartz microscope slide and allow the drop to evaporate. Make
as many test slides as necessary to give a reasonable sample of
the surface being examined. If foreign material has been
dissolved by the solvent, a distinct ring will be formed on the
outer edge of the drop as it evaporates. The nature of the
contaminant can be determined by infrared analysis, compar-
ing the infrared analysis with that of the standard.

7.3.2 Black Light Inspectionis a test suitable for the detec-
tion of certain oil films and other transparent films that are not
detectable under white light. In an area that is blacked out to
white light, inspect all visible accessible surfaces with the aid
of a new, flood-type, ultraviolet lamp. For inaccessible areas,
use a wipe test as described in 7.2.2 and subject the used cloth
or plug to ultraviolet lamp inspection in a blacked-out area.
Fluorescence of the surface, cloth, or plug indicates the
presence of contaminants. The nature of the contamination can
be determined by subjecting a sample of the contaminant, that
has been transferred to a clean quartz microscope slide, to
infrared analysis. The test will not detect straight-chain hydro-
carbons such as mineral oils.

7.3.3 Atomizer Test is a test for the presence of hydropho-
bic films. It is applicable to both small and large surfaces that
are accessible for direct visual examination, and is about 1003
more sensitive than the water-break test. The test procedure
and interpretation of results are described in Test Method F 21.
High-purity water should be used for the test.

7.3.4 Ferroxyl Test for Free Ironis a highly sensitive test
and should be used only when even traces of free iron or iron
oxide might be objectionable. It should be made only by
personnel familiar with its limitations. The test can be used on
stainless steel to detect iron contamination, including iron-tool
marks, residual-iron salts from pickling solutions, iron dust,
iron deposits in welds, embedded iron or iron oxide, etc. The
test solution is prepared by first adding nitric acid to distilled
water and then adding potassium ferricyanide, in the following
proportions:

Distilled water 94 weight % 1000 cm3 1 gal
Nitric acid (60–67 %) 3 weight % 20 cm3 1⁄5 pt
Potassium ferricyanide 3 weight % 30 g 4 oz

Apply solution with an aluminum, plastic, glass, or rubber
atomizer having no iron or steel parts, or a swab (atomizer
spray is preferred).

7.3.4.1 The appearance of a blue stain (within 15 s of
application) is evidence of surface iron contamination (several
minutes may be required for detection of oxide scale). The
solution should be removed from the surface as quickly as

possible after testing using water or, if necessary, white vinegar
or a solution of 5 to 20 weight % acetic acid and scrubbing
with a fiber brush. Flush the surface with water several times
after use of vinegar or acetic acid.6

NOTE 4—Potassium ferricyanide is not a dangerous poison as are the
simple cyanides. However, when heated to decomposition or in contact
with concentrated acid, it emits highly toxic cyanide fumes.

NOTE 5—Rubber gloves, clothing, and face shields should be worn
when applying the test solution, and inhalation of the atomized spray
should be avoided.

NOTE 6—The test is not recommended for process-surfaces of equip-
ment that will be used for processing food, beverages, pharmaceuticals, or
other products for human consumption unless all traces of the test solution
can be thoroughly removed.

NOTE 7—The test solution will change color on standing and must be
mixed fresh prior to each use.

8. Precautions

8.1 Minimizing Iron Contamination— Iron contamination
on stainless steel parts, components, and systems is almost
always confined to the surface. If reasonable care is taken in
fabrication, simple inexpensive cleaning procedures may suf-
fice for its removal, and very little special cleaning should be
required. Fabrication should be confined to an area where only
the one grade of material is being worked. Powder cutting
should be minimized or prohibited. Handling equipment such
as slings, hooks, and lift-truck forks should be protected with
clean wood, cloth, or plastic buffers to reduce contact with the
iron surfaces. Walking on corrosion-resistant alloy surfaces
should be avoided; where unavoidable, personnel should wear
clean shoe covers each time they enter. Kraft paper, blotting
paper, paperboard, flannel, vinyl-backed adhesive tape or
paper, or other protective material should be laid over areas
where personnel are required to walk. Shearing tables, press
breaks, layout stands, and other carbon-steel work surfaces
should be covered with clean kraft paper, cardboard, or blotting
paper to reduce the amount of contact with the carbon steel.
Hand tools, brushes, molding tools, and other tools and
supplies required for fabrication should be segregated from
similar items used in the fabrication of carbon steel equipment,
and should be restricted to use on the one material; tools and
supplies used with other materials should not be brought into
the fabrication area. Tools and fixtures should be made of
hardened tool steel or chrome-plated steel. Wire brushes should
be stainless steel, or of an alloy composition similar to the steel
being cleaned, and should not have been previously used on
other materials. Only new, washed sand, free of iron particles,
and stainless steel chills and chaplets should be used for
casting.

8.2 Reuse of Cleaning and Pickling Solutions—Cleaning
and pickling agents are weakened and contaminated by mate-
rials and soil being removed from surfaces as they are cleaned.
Solutions may become spent or depleted in concentration after
extended use, and it is necessary to check concentrations and to
replace or replenish solutions when cleaning or pickling action
slows. It may be impractical or uneconomical to discard

6 For further information seeJournal of Materials,ASTM, Vol 3, No. 4,
December 1968, pp. 983-995.
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solutions after a single use, even in precision cleaning opera-
tions (that is, finish-cleaning using very high-purity solvents
and carried out under clean-room and rigidly controlled envi-
ronmental conditions). When solutions are re-used, care must
be taken to prevent the accumulation of sludge in the bottom of
cleaning tanks; the formation of oil, scums, and undissolved
matter on liquid surfaces; and high concentrations of emulsi-
fied oil, metal or chemical ions, and suspended solids in the
liquids. Periodic cleaning of vats and degreasing tanks, decant-
ing, periodic bottom-drain, agitation of solutions, and similar
provisions are essential to maintain the effectiveness of solu-
tions. Care must be taken to prevent water contamination of
trichloroethylene and other halogenated solvents, both while in
storage and in use. Redistillation and filtering of solvents and
vapor-degreasing agents are necessary before reuse. Makeup is
often required to maintain concentrations and pH of cleaning
solutions at effective levels. Do not overuse chemical cleaners,
particularly acids and vapor-degreasing solvents; if light films
or oily residues remain on the metal surfaces after use of such
agents, additional scrubbing with hot water and detergent,
followed by repeated rinsing with large quantities of hot water,
may be necessary.

8.3 Rinse Water—Ordinary industrial or potable waters are
usually suitable for most metal-cleaning applications. Biologi-
cally tested potable water should be used for final rinsing of
food-handling, pharmaceutical, dairy, potable-water, and other
sanitary equipment and systems. Rinsing and flushing of
critical components and systems after finish-cleaning often
requires high-purity deionized water, having strict controls on
halide content, pH, resistivity, turbidity, and nonvolatile resi-
dues. Analytical methods that may be used for establishing the
purity of rinse water should be demonstrated to have the
sensitivity necessary to detect specified impurity levels; the
analytical methods given in theAnnual Book of ASTM Stan-
dards, Vol 03.05, are recommended for referee purposes in
case of dispute. To minimize the use of costly high-purity
water, preliminary rinses can often be made with somewhat
lesser quality water, followed by final rinsing with the high-
purity water. It is also possible in many cases to use effluent or
overflow from the final rinse operation for preliminary rinsing
of other items.

8.4 Circulation of Cleaning Solutions and Rinse Water—
For restricted internal surfaces (for example, small diameter
piping systems or the shell or tube side of a heat exchanger),
high-velocity, turbulent flow of cleaning solutions and rinse
water may be necessary to provide the scrubbing action needed
for effective cleaning and rinsing. The velocity required is a
function of the degree of cleanness required and the size of
particles that are permissible in the system after the start of
operation. For example, if particles between 500 and 1000 µm
are acceptable to remain, a mean flushing velocity of 1 to 2 ft/s
(0.3 to 0.6 m/s) may be sufficient for pipe diameters of 2 in. and
smaller; to remove 100 to 200-µm particles, a mean flushing
velocity of 3 to 4 ft/s (0.9 to 1.2 m/s) may be required.

8.5 Protection of Cleaned Surfaces— Measures to protect
cleaned surfaces should be taken as soon as final cleaning is

completed, and should be maintained during all subsequent
fabrication, shipping, inspection, storage, and installation.

8.5.1 Do not remove wrappings and seals from incoming
materials and components until they are at the use site, ready to
be used or installed. If wrappings and seals must be disturbed
for receiving inspection, do not damage them, remove no more
than necessary to carry out the inspection, and rewrap and
reseal as soon as the inspection is complete. For critical items
that were cleaned by the supplier, and that will not be given
further cleaning at the use site or after installation, the
condition of seals and wrappings should be inspected regularly
and at fairly short intervals while the item is in storage.

8.5.2 Finish-cleaned materials and components should not
be stored directly on the ground or floor, and should not be
permitted, insofar as practicable, to come in contact with
asphalt, galvanized or carbon steel, mercury, zinc, lead, brass,
low-melting point metals, or alloys or compounds of such
materials. Acid cleaning of surfaces that have been in contact
with such materials may be necessary to prevent failure of the
item when subsequently heated. The use of carbon or galva-
nized steel wire for bundling and galvanized steel identification
tags should be avoided.

8.5.3 Store materials and equipment, when in process, on
wood skids or pallets or on metal surfaces that have been
protected to prevent direct contact with stainless steel surfaces.
Keep openings of hollow items (pipe, tubing, valves, tanks,
pumps, pressure vessels, etc.,) capped or sealed at all times
except when they must be open to do work on the item, using
polyethylene, nylon, TFE-fluorocarbon plastic, or stainless
steel caps, plugs, or seals. Where cleanness of exterior surfaces
is important, keep the item wrapped with clear polyethylene or
TFE-fluorocarbon plastic sheet at all times except when it is
actually being worked on. Avoid asphalt-containing materials.
Canvas, adhesive paper or plastics such as poly(vinyl chloride)
may decompose in time to form corrosive substances, for
example, when exposed to sunlight or ultraviolet light. The
reuse of caps, plugs, or packaging materials should be avoided
unless they have been cleaned prior to reuse.

8.5.4 Clean stainless steel wire brushes and hand tools
before reuse on corrosion-resistant materials; if they have not
been cleaned and if they could have been used on electrolyti-
cally different materials, the surfaces contacted by the tools
should be acid-cleaned. The use of soft-face hammers or terne
(lead)-coated, galvanized, or unprotected carbon steel tables,
jigs, racks, slings, or fixtures should be avoided (see 8.5.2).

8.5.5 If close control of particulate contamination is re-
quired, particularly of internal surfaces, the latter stages of
assembly and fabrication may have to be carried out in a clean
room. For most large items an air cleanliness class (see Fed.
Std. 209e) at the work surface of Class 50 000 to 100 000
(that is, a maximum of from 50 000 to 100 000 particles 0.5
µm or larger suspended in the air) is probably sufficient.

NOTE 8—Clean room is a specially constructed enclosure in which
intake air is filtered so that the air at a work station contains no more than
a specified number of particles of a specified size; special personnel and
housekeeping procedures are required to maintain cleanness levels in a
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clean room (see Fed. Std. 209e).

8.5.6 Workmen handling finished cleaned surfaces of criti-
cal items should wear clean lint-free cotton, nylon or dacron
cloth or polyethylene film gloves. Rubber or plastic gloves are
suitable during precleaning operations or cleaning of non-
critical surfaces.

8.5.7 Installed piping systems are oftenlaid up wet;that is,
they are filled with water (or process fluid) after in-place
cleaning until ready to be placed in service. Storage water
should be of the same quality as the makeup water for the
system, and should be introduced in a manner that it directly
replaces the final flush water without permitting the internal
surfaces of the system to dry.

8.5.8 Equipment and assemblies for critical applications
may be stored and shipped with pressurized, dry, filtered,
oil-free nitrogen to prevent corrosion until they are ready to be
installed. Means must be provided for maintaining and moni-
toring the gas pressure during shipping and storage. If the item
is to be shipped to or through mountains or other areas where
the altitude varies greatly from that where it was pressurized,
consideration must be given to the effect of that change in
altitude on the pressure inside the item, and possible rupture or
loss of seals.

8.5.9 Pressure-sensitive tape is often used for sealing or
protective covers, seals, caps, plugs, and wrappings. If pos-
sible, the gummed surface of the tape should not come in
contact with stainless steel surfaces. If tape has come in contact
with the metal, clean it with solvent or hot water, and vigorous
scrubbing.

8.5.10 Protective adhesive papers or plastics are often used
to protect the finish of sheet stock and parts. These materials
may harden or deteriorate when subjected to pressure or
sunlight, and damage the surface. These materials may also
decompose in time to form substances as described in 8.5.3.
Protective material should be removed when its function is

complete or its condition monitored for decomposition or
deterioration until it is removed.

8.6 Safety—Cleaning operations often present numerous
hazards to both personnel and facilities. Manufactures’ Safety
Data Sheets (MSDS) should be consulted to determine the
hazards of handling specific chemicals.

8.6.1 Precautions must be taken to protect personnel, equip-
ment, and facilities. This includes provisions for venting of
explosive or toxic reaction-product gases, safe disposal of used
solutions, provision of barriers and warning signs, provisions
for safe transfer of dangerous chemicals, and maintenance of
constant vigilance for hazards and leaks during the cleaning
operation.

8.6.2 The physical capability of the item or system to be
cleaned, together with its foundations, to withstand the loads
produced by the additional weight of fluids used in the cleaning
operation, must be established before the start of cleaning
operations.

8.6.3 Insofar as possible, chemicals having explosive, toxic,
or obnoxious fumes should be handled out of doors.

8.6.4 The area in which the cleaning operation is being
conducted should be kept clean and free of debris at all times,
and should be cleaned upon completion of the operation.

8.7 Disposal of Used Solutions and Water—Federal, state,
and local safety and water pollution control regulations should
be consulted, particularly when large volumes of chemical
solutions must be disposed of. Controlled release of large
volumes of rinse water may be necessary to avoid damaging
sewers or stream beds.

9. Keywords

9.1 austenitic stainless steels; cleaning; corrosion; corrosive
service applications; descaling; ferritic stainless steels; marten-
sitic stainless steels; pickling; stainless steels

ANNEXES

(Mandatory Information)

A1. RECOMMENDATIONS AND PRECAUTIONS FOR ACID DESCALING (PICKLING) OF STAINLESS STEEL
(See Table A1.1.)

A1.1 Where size and shape permit, immersion in the acid
solution is preferred; when immersion is not practicable, one of
the following room-temperature methods may be used:

A1.1.1 For interior surfaces, partially fill item with solution
and rock, rotate, or circulate so that all inside surfaces are
thoroughly wetted. Keep surfaces in contact with acid solution
until inspection shows that scale is completely removed.
Additional exposure without agitation may be needed. Treat
exterior surfaces in accordance with A1.1.2.

A1.1.2 Surfaces that cannot be pickled by filling the item
may be descaled by swabbing or spraying with acid solution
for about 30 min, or until inspection shows that scale is
completely removed.

A1.2 Severe pitting may result from prolonged exposure to
certain acid solutions if the solution becomes depleted or if the
concentration of metallic salts becomes too high as a result of
prolonged use of the solution; the concentration of iron should
not exceed 5 weight %; take care to prevent over-pickling.

A1.3 Nitric-hydrofluoric acid solutions may intergranularly
corrode certain alloys if they have been sensitized by improper
heat treatment or by welding. Crevices resulting from inter-
granular attack can collect and concentrate halogens under
service conditions or during cleaning or processing with certain
chemicals; these halogens can cause stress-corrosion cracking.
These alloys should generally not be acid-pickled while in the
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sensitized condition. Consideration should be given to stabi-
lized or low-carbon grades if acid pickling after welding is
unavoidable.

A1.4 Some latitude is permissible in adjusting acid con-
centrations, temperatures, and contact times. In general, lower
values in this table apply to lower alloys, and higher values to
higher alloys. Close control over these variables is necessary
once proper values are established in order to preserve desired
finishes or close dimensional tolerances, or both.

A1.5 Materials must be degreased before acid pickling and
must be vigorously brushed with hot water and a bristle brush
or with high-pressure water jet on completion of pickling; pH
of final rinse water should be between 6 and 8 for most
applications, or 6.5 to 7.5 for critical applications. To minimize
staining, surfaces must not be permitted to dry between

successive steps of the acid descaling and rinsing procedure.
Thorough drying should follow the final water rinse.

A1.6 Hardenable 400 Series alloys, maraging alloys, and
precipitation-hardening alloys in the hardened condition are
subject to hydrogen embrittlement or intergranular attack by
acids. Descaling by mechanical methods is recommended
where possible. If acid pickling is unavoidable, parts should be
heated at 250 to 300°F (121 to 149°C) for 24 h immediately
following acid treatment to drive off the hydrogen and reduce
the susceptibility to embrittlement.

A1.7 Proper personnel protection, including face shields,
rubber gloves, and rubber protective clothing, must be pro-
vided when handling acids and other corrosive chemicals.
Adequate ventilation and strict personnel-access controls must
be maintained in areas where such chemicals are being used.

TABLE A1.1 Acid Descaling (Pickling) of Stainless Steel

AlloyA ConditionB

Treatment

Code Solution, Volume, %C Temperature °F
(°C)

Time,
Minutes

200, 300, and 400 Series, precipitation
hardening, and maraging alloys (except

free-machining alloys)

fully annealed only A H2SO4, 8–11 %D

Follow by treatment D or F,
Annex A2, as appropriate

150–180
(66–82)

5–45 maxE

200 and 300 Series; 400 Series containing Cr
16 % or more; precipitation-hardening alloys

(except free-machining alloys)

fully annealed only B HNO3, 15–25 % plus HF,
1–8 %F,G

70–140 max
(21–60)

5–30E

All free-machining alloys and 400 Series
containing less than Cr 16 %

fully annealed only C HNO3, 10–15 % plus HF,
½–1½ %F,G

70 (up to 140
with

caution)

5–30E

A This table is also applicable to the cast grades equivalent to the families of wrought materials listed.
B Other heat treatments may be acceptable if proven by experience: see 5.2.1, A2.4, and A2.5 for further information.
C Solution prepared from reagents of following weight %: H 2SO4, 98; HNO3, 67; HF, 70.
D Tight scale may be removed by a dip in this solution for a few minutes followed by water rinse and nitric-hydrofluoric acid treatment as noted.
E Minimum contact times necessary to obtain the desired surface should be used in order to prevent over-pickling. Tests should be made to establish correct procedures

for specific applications.
F For reasons of convenience and handling safety, commercial formulations containing fluoride salts may be found useful in place of HF for preparing nitric-hydrofluoric

acid solutions.
G After pickling and water rinsing, an aqueous caustic permanganate solution containing NaOH, 10 weight % and KMnO4, 4 weight %, 160 to 180°F (71 to 82°C), 5 to

60 min, may be used as a final dip for removal of smut, followed by thorough water rinsing and drying.

A2. RECOMMENDATIONS AND PRECAUTIONS FOR ACID CLEANING OF STAINLESS STEEL (See Table A2.1.)

A2.1 Treatments shown are generally adequate for removal
of contamination without seriously changing surface appear-
ance of parts. Passivated parts should exhibit a clean surface
and should show no etching, pitting, or frosting. The purchaser
shall specify whether a slight discoloration is acceptable.
Passivated parts should not exhibit staining attributable to the
presence of free iron particles imbedded in the surface when
subjected to the test described in 7.2.5.1. For specific require-
ments for items to be used in corrosive service or where surface
appearance is critical, trials should be conducted to establish
satisfactory procedures.

A2.2 The high-carbon and free-machining alloys may be
subject to etching or discoloration in nitric acid. This tendency
can be minimized by the use of high acid concentrations with
inhibitors such as Na2Cr2O7·2H 2O and CuSO4·5H2O. Oxidiz-
ing action increases with increasing concentration of nitric
acid; additional oxidizing action is provided by
Na2Cr2O7·2H2O. Avoid acid cleaning when possible; use
mechanical cleaning followed by scrubbing with hot water and

detergent, final thorough water rinsing and drying.

A2.3 Inhibitors may not always be required to maintain
bright finishes on 200 and 300 Series, maraging, and
precipitation-hardening alloys.

A2.4 Hardenable 400 Series, maraging, and precipitation-
hardening alloys in the hardened condition are subject to
hydrogen embrittlement or intergranular attack when exposed
to acids. Cleaning by mechanical methods or other chemical
methods is recommended. If acid treatment is unavoidable,
parts should be heated at 250 and 300°F (121 to 149°C) for 24
h immediately following acid cleaning to drive off hydrogen
and reduce susceptibility to embrittlement.

A2.5 Nitric-hydrofluoric acid solutions may intergranularly
corrode certain alloys if they have been sensitized by improper
heat treatment or by welding. Crevices resulting from inter-
granular attack can collect and concentrate halogens under
service conditions or during cleaning or subsequent processing;
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these halogens can cause stress-corrosion cracking. Such alloys
should not be cleaned with nitric-hydrofluoric acid solutions
while in the sensitized condition. Consideration should be
given to use of stabilized or low-carbon alloys if this kind of
cleaning after welding is unavoidable.

A2.6 Severe pitting may result from prolonged exposure to
certain acids if the solution becomes depleted or if the
concentration of metallic salts becomes too high as a result of
prolonged use of the solution; the concentration of iron should
not exceed 2 weight %; take care to avoid overexposure.

A2.7 Nitric acid solutions are effective for removing free
iron and other metallic contamination, but are not effective
against scale, heavy deposits of corrosion products, temper
films, or greasy or oily contaminants. Refer to Annex A1 for
recommended practices where scale, heavy deposits of corro-
sion products, or heat-temper discoloration must be removed.
Use conventional degreasing methods for removal of greasy or
oil contaminants before any acid treatment.

A2.8 The citric acid-sodium nitrate treatment is the least
hazardous for removal of free iron and other metallic contami-
nation and light surface contamination. Spraying of the solu-
tion, as compared to immersion, tends to reduce cleaning time.

A2.9 Some latitude is permissible in adjusting acid con-
centrations, temperatures, and contact times; close control over

these variables is essential once proper values have been
established. Care must be taken to prevent acid depletion and
buildup of metallic salt concentrations with prolonged use of
solutions. In general, increasing the treatment temperature may
accelerate or improve the overall cleaning action but it may
also increase the risk of surface staining or damage.

A2.10 Materials must be degreased before acid treatment,
and must be vigorously scrubbed with hot water and bristle
brushes or with high-pressure water-jet immediately after
completion of acid treatment; pH of final rinse water should be
between 6 and 8 for most applications, or 6.5 to 7.5 for critical
applications. To minimize staining, surfaces must not be
permitted to dry between successive steps of the acid cleaning
or passivation and rinsing procedure. Thorough drying should
follow the final water rinse.

A2.11 Proper personnel protection, including face shields,
rubber gloves, and rubber protective clothing, must be pro-
vided when handling acids and other corrosive chemicals.
Adequate ventilation and strict personnel access controls must
be maintained where such chemicals are being used.

A2.12 Pickling and cleaning or passivating solutions con-
taining nitric acid will severely attack carbon steel items
including the carbon steel in stainless steel-clad assemblies.

TABLE A2.1 Acid Cleaning of Stainless Steel

Alloy Condition

Treatment

Code Solution, Volume, %A Temperature, °F (°C)
Time,

Minutes

PART I—Cleaning with Nitric-Hydrofluoric Acid

Purpose—For use after descaling by mechanical or other chemical methods as a further treatment to remove residual particles of scale or products of chemical action
(that is, smut), and to produce a uniform “white pickled” finish.

200 and 300 Series, 400 Series containing Cr 16 % or more, and
precipitation-hardening alloys (except free-machining alloys).

fully annealed only D HNO3, 6–25 % plus
HF, 1 / 2 to 8 %B,C

70–140
(21–60)

as neces-
sary

Free-machining alloys, maraging alloys, and 400 Series containing
less than Cr 16 %.

fully annealed only E HNO3, 10 % plus
HF, 1 / 2 to
1 1 / 2 %B,C

70 (up to 140 with
caution)

(21–60)

1–2

PART II—Cleaning-Passivation with Nitric Acid Solution

Purpose—For removal of soluble salts, corrosion products, and free iron and other metallic contamination resulting from handling, fabrication, or exposure to
contaminated atmospheres (see 6.2.11)

200 and 300 Series, 400 Series, precipitation hardening and
maraging alloys containing Cr 16 % or more (except
free-machining alloys).D

annealed, cold-rolled, ther-
mally hardened, or work-
hardened, with dull or
nonreflective surfaces

F HNO3 20–50 % 120–160
(49–71)
70–100

(21–38)

10–30

30–60C

SameD annealed, cold-rolled, ther-
mally hardened, or work-
hardened with bright-ma-
chined or polished
surfaces

G HNO3 20–40 %
plus Na2Cr2O7·
2H2O, 2–6
weight %

120–155
(49–69)
70–100†
(21–38)

10–30

30–60C

400 Series, maraging and precipitation-hardening alloys containing
less than Cr 16 % high-carbon-straight Cr alloys (except
free-machining alloys).D

annealed or hardened
with dull or non-
reflective surfaces

H HNO3, 20–50 % 110–130
(43–54)
70–100

(21–38)

20–30

60

SameD annealed or hardened
with bright machined
or polished surfaces

IE HNO3 20–25 %
plus Na2Cr2O7·
2H2O, 2–6
weight %

120–130
(49–54)
70–100

(21–38)

15–30

30–60
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TABLE A2.1 Continued

Alloy Condition

Treatment

Code Solution, Volume, %A Temperature, °F (°C)
Time,

Minutes

200, 300, and 400 Series free-machining alloys.D annealed or hardened, with
bright-machined or pol-
ished surfaces

JE HNO3, 20–50 %
plus Na2Cr2O7·
2H2O, 2–6
weight %F

70–120
(21–49)

25–40

SameD same KG HNO3, 1–2 % plus
Na2Cr2O7·2H2O,
1–5, weight %

120–140
(49–60)

10

SameD same LE HNO3, 12 % plus
CuSO4·5H2O, 4
weight %

120–140
(49–60)

10

Special free-machining 400 Series alloys with more than Mn 1.25 %
or more than S 0.40 %D

annealed or hard-
ened with bright-machined
or polished surfaces

ME HNO3, 40–60 %
plus Na2Cr2O7·
2H2O, 2–6
weight %

120–160
(49–71)

20–30

PART III—Cleaning with Other Chemical Solutions

Purpose—General cleaning.
200, 300, and 400 Series (except free-machining alloys),

precipitation hardening and maraging alloys
fully annealed only N citric acid, 1 weight %

plus, NaNO3, 1
weight %

70
(21)

60

Same same O ammonium citrate,
5–10 weight %

120–160
(49–71)

10–60

Assemblies of stainless and carbon steel (for example, heat
exchanger with stainless steel tubes and carbon steel shell)

sensitized P inhibited solution of
hydroxyacetic acid,
2 weight % and
formic acid, 1
weight %

200
(93)

6 h

Same same Q inhibited ammonia-
neutralized solution
of EDTA
(ethylene-diamene-
tetraacetic acid) fol-
lowed by hot-water
rinse and dip in
solution of 10 ppm
ammonium hy-
droxide plus 100
ppm hydrazine

up to 250
(121)

6 h

A Solution prepared from reagents of following weight %: HNO3, 67; HF, 70.
B For reasons of convenience and handling safety, commercial formulations containing fluoride salts may be found useful in place of HF for preparing nitric-hydrofluoric

acid solutions.
C After acid cleaning and water rising, a caustic permanganate solution containing NaOH, 10 weight %, and KMnO 4, 4 weight %, 160 to 180°F (71 to 82°C), 5 to 60

min, may be used as a final dip for removal of smut, followed by thorough water rinsing and drying.
D The purchaser shall have the option of specifying in his purchase documents that all 400 Series ferritic or martensitic parts receive additional treatment as follows:

Within 1 h after the water rinse following the specified passivation treatment, all parts shall be immersed in an aqueous solution containing 4 to 6 weight % Na2Cr2O7·2H
2O, at 140 to 160°F (60 to 71°C), 30 min. This immersion shall be followed by thorough rinsing with clean water. The parts then shall be thoroughly dried.

E See A2.2.
F If flash attack (clouding of stainless steel surface) occurs, a fresh (clean) passivating solution or a higher HNO 3 concentration will usually eliminate it.
G Shorter times may be acceptable where established by test and agreed upon by the purchaser.

†Corrected Editorially.

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: A 401/A 401M – 03

Standard Specification for
Steel Wire, Chromium-Silicon Alloy 1

This standard is issued under the fixed designation A 401/A 401M; 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 round chromium-silicon alloy
steel spring wire having properties and quality intended for the
manufacture of springs resistant to set when used at moderately
elevated temperatures. This product is not meant to be used for
high cycle fatique applications (see Specification A 877/
A 877M). This wire shall be provided either in the annealed
and cold-drawn or oil-tempered condition as specified by the
purchaser.

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. Within the text, the
inch-pound units are shown in brackets. The values stated in
each system are not exact equivalents; therefore, each system
must be used independent of the other.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

A 752 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Alloy Steel2

A 877/A 877M Specification for Steel Wire, Chromium-
Silicon Alloy Valve Spring Quality2

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

2.2 ANSI Standard:
B 32.4 Preferred Metric Sizes for Round, Square, Rectangle

and Hexagon Metal Products5

2.3 Federal Standards:

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)6

2.4 Military Standard:
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage6

2.5 AIAG Standard:
AIAG B-5 02.00 Primary Metals Identification Tag Appli-

cation Standard7

3. Ordering Information

3.1 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for material under this
specification. Such requirements may include, but are not
limited to, the following:

3.1.1 Quantity (mass),
3.1.2 Name of material (chromium-silicon alloy steel wire),
3.1.3 Dimensions (Table 1 and Section 8),
3.1.4 Condition (Section 6),
3.1.5 Packaging (Section 14),
3.1.6 Heat analysis report, if requested (5.2),
3.1.7 Certification or test report, or both, if specified (Sec-

tion 13), and
3.1.8 ASTM designation and year of issue.

NOTE 1—A typical ordering description is as follows: 20 000-kg,
oil-tempered chromium-silicon alloy steel wire, size 6.00 mm in 150 kg
coils to ASTM A 401/A 401M dated ____, or for inch-pound units,
40 000-lb oil-tempered chromium-silicon alloy steel spring wire, size
0.250 in. in 350-lb coils to ASTM A 401/A 401M dated ____.

4. Materials and Manufacture

4.1 The steel may be made by any commercially accepted
steel making process. The steel may be either ingot cast or
strand cast.

4.2 The finished wire shall be free from detrimental pipe
and undue segregation.

5. Chemical Composition

5.1 The steel shall conform to the requirements of Grade
9254 for chemical composition specified in Table 2.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved Sept. 10, 2003. Published Sept. 2003. Originally
approved in 1956. Last previous edition approved in 1998 as A 401/A 401M – 98.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,

4th 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.

7 Available from Automotive Industry Action Group (AIAG), 26200 Lahser Rd.,
Suite 200, Southfield, MI 48034.

1

*A Summary of Changes section appears at the end of this standard.
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5.2 Heat Analysis—Each heat of steel shall be analyzed by
the manufacturer to determine the percentage of elements
prescribed in Table 2. This analysis shall be made from a test
specimen preferably taken during the pouring of the heat.
When requested, this shall be reported to the purchaser and
shall conform to the requirements of Table 2.

5.3 Product Analysis—An analysis may be made by the
purchaser from finished wire representing each heat of steel.
The chemical composition thus determined, as to elements
required or restricted, shall conform to the product analysis
requirements in Table 4 of Specification A 752.

5.4 For referee purposes, Test Methods, Practices, and
Terminology A 751 shall be used.

6. Mechanical Properties

6.1 Annealed and Cold Drawn—When purchased in the
annealed and cold-drawn condition, the wire shall have been
given a sufficient amount of cold working to meet the purchas-
er’s coiling requirements and shall be in a suitable condition to
respond properly to heat treatment. In special cases the
hardness or tensile strength, if desired, shall be stated in the
purchase order.

6.2 Oil Tempered—When purchased in the oil-tempered
condition, the tensile strength and minimum percent reduction
of area, sizes 2.50 mm [0.105 in.] and coarser, of the wire shall
conform to the requirements prescribed in Table 1.

NOTE 2—Any specimen breaking in the grips shall be discarded and a
new specimen tested if the specified mechanical properties are not
achieved.

6.2.1 Number of Tests—One test specimen shall be taken for
each ten coils, or fraction thereof, in a lot. Each heat in a given
lot shall be tested.

6.2.2 Location of Tests—Test specimens shall be taken from
either end of the coil.

6.2.3 Test Method—The tension test shall be made in
accordance with Test Methods and Definitions A 370.

6.3 Wrap Test:
6.3.1 Oil-tempered or cold drawn wire 4.00 mm [0.162 in.]

and smaller in diameter shall wind on itself as an arbor without
breakage. Larger diameter wire up to and including 8.00 mm
[0.312 in.] in diameter shall wrap without breakage on a
mandrel twice the wire diameter. The wrap test is not appli-
cable to wire over 8.00 mm [0.312 in.] in diameter.

6.3.2 Number of Tests—One test specimen shall be taken for
each 10 coils, or fraction thereof, in a lot. Each heat in a given
lot shall be tested.

6.3.3 Location of Test—Test specimens shall be taken from
either end of the coil.

6.3.4 Test Method—The wrap test shall be made in accor-
dance with Test Methods and Definitions A 370.

7. Metallurgical Requirements

7.1 Surface Condition:
7.1.1 The surface of the wire as received shall be free of rust

and excessive scale. No serious die marks, scratches, or surface

TABLE 1 Tensile Requirements A

SI Units

Diameter,B

mm
MPa, min MPa, max

Reduction of
Area, min, %

0.80 2080 2260 C

0.90 2070 2250 C

1.00 2060 2240 C

1.10 2040 2220 C

1.20 2020 2200 C

1.40 2000 2180 C

1.60 1980 2160 C

1.80 1960 2140 C

2.00 1940 2120 C

2.20 1920 2100 C

2.50 1900 2080 45
2.80 1880 2060 45
3.00 1860 2040 45
3.50 1840 2020 40
4.00 1820 2000 40
4.50 1800 1980 40
5.00 1780 1960 40
5.50 1760 1940 40
6.00 1740 1920 40
6.50 1720 1900 40
7.00 1700 1880 40
8.00 1680 1860 40
9.00 1660 1840 40

10.00 1640 1820 40
11.00 1620 1800 35
12.0 1600 1780 35
13.0 1580 1760 30
14.0 1570 1750 30
15.0 1560 1740 30
16.0 1550 1730 30
17.0 1540 1720 30
18.0 1530 1710 30

Inch-Pound Units

Diameter,
in.

ksi, min ksi, max
Reduction of
Area, min, %

0.032 300 325 C

0.041 298 323 C

0.054 292 317 C

0.062 290 315 C

0.080 285 310 C

0.092 280 305 45
0.120 275 300 45
0.135 270 295 40
0.162 265 290 40
0.177 260 285 40
0.192 260 283 40
0.219 255 278 40
0.250 250 275 40
0.312 245 270 40
0.375 240 265 40
0.438 235 260 35
0.500 230 255 35
0.562 228 253 30
0.625 226 251 30
0.687 224 249 30

ATensile strength values for intermediate diameters may be interpolated.
BPreferred sizes. For a complete list, refer to ANSI B32.4.
CThe reduction of area test is not applicable to wire under 2.34 mm [0.092 in.]

in diameter.

TABLE 2 Chemical Requirements

UNS Designation G 92540 Grade No. 9254
Ranges and Limits, %

Carbon Manganese
Phosphorus,

max
Sulfur,
max

Silicon Chromium

0.51–0.59 0.60–0.80 0.035 0.040 1.20–1.60 0.60–0.80
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imperfections shall be present. Based upon examination of
etched-end specimen, seams shall not exceed 3.5 % of the wire
diameter, or 0.25 mm [0.010 in.], whichever is the smaller as
measured on a transverse section.

7.1.2 Number of Tests—One test specimen shall be taken for
each 10 coils, or fraction thereof, in a lot. Each cast or heat in
a given lot shall be tested.

7.1.3 Location of Test—Test specimens shall be taken from
either or both ends of the coil.

7.1.4 Test Method—The surface shall be examined after
etching in a solution of equal parts of hydrochloric acid and
water that has been heated to approximately 80°C. Test ends
shall be examined using 103 magnification. Any specimens
showing the presence of a questionable surface imperfection
shall have a transverse section taken from the unetched area,
properly mounted and polished and examined to measure the
depth of the seam.

7.2 Decarburization:
7.2.1 The depth of complete decarburization (free ferrite)

shall not exceed 0.75 % of the wire diameter. The total affected
depth (free ferrite plus partial decarburization) shall not exceed
2 % of the wire diameter on all sizes of wire.

7.2.2 Test Method—Decarburization shall be determined by
etching a suitably polished transverse section of wire with
nital. The entire periphery to be examined should be in a single
plane with no edge rounding.

7.2.3 The entire periphery shall be examined at a magnifi-
cation of no less than 1003 for depth of free ferrite and total
affected depth. Smaller wire sizes may require higher magni-
fication. Measure the worst area present excluding decarbur-
ization associated with any surface imperfections. Complete
decarburization exists when only free ferrite is present. Partial
decarburization exists when ferrite is found mixed with pearlite
or tempered martensite. Structures of 1003 tempered marten-
site shall be defined as not decarburized.

7.2.4 Decarburization shall be checked on annealed wire by
giving a wire sample an austenitize, oil quench and temper heat
treatment. A flat shall be ground on the test sample prior to heat
treatment. The flat shall have a minimum width equal to one
half of the wire diameter. Any decarburization visible on this
ground section shall necessitate a retest with new samples. If
no decarburization is visible on the ground flat, evaluate the
complete wire section in accordance with 7.2.3.

8. Dimensions and Permissible Variations

8.1 The permissible variations in the diameter of the wire
shall be as specified in Table 3.

9. Workmanship, Finish, and Appearance

9.1 Annealed and Cold Drawn—The wire shall not be
kinked or improperly cast. To test for cast, a few convolutions
of wire shall be cut loose from the coil and placed on a flat
surface. The wire shall lie substantially flat on itself and not
spring up nor show a wavy condition.

9.2 Oil Tempered—The wire shall be uniform in quality and
temper and shall not be wavy or crooked.

9.3 Each coil shall be one continuous length of wire
properly coiled. Welds made prior to cold drawing are permit-
ted. If unmarked welds are unacceptable to the purchaser,

special arrangements should be made with the manufacturer at
the time of the purchase.

10. Retests

10.1 If any test specimen exhibits obvious defects or shows
the presence of a weld, it may be discarded and another
specimen substituted.

11. Inspection

11.1 Unless otherwise specified in the contract or purchase
order, the manufacturer is responsible for the performance of
all inspection and test requirements specified in this specifica-
tion. 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 prescribed
requirements.

12. Rejection and Rehearing

12.1 Unless otherwise specified, any rejection based on tests
made in accordance with these specifications shall be reported
to the manufacturer as soon as possible so that an investigation
may be initiated.

12.2 The material must be adequately protected and cor-
rectly identified in order that the manufacturer may make a
proper investigation.

13. Certification

13.1 When specified in the purchase order or contract, a
manufacturer’s or supplier’s certification shall be furnished to
the purchaser that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

13.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

14. Packaging, Marking, and Loading for Shipment

14.1 The coil mass, dimensions, and the method of packag-
ing shall be agreed upon between the manufacturer and
purchaser.

TABLE 3 Permissible Variations in Wire Diameter A

SI Units

Diameter
Permissible Variations,

6 mm
Permissible Out-of-Round

To 2.00, incl 0.03 0.03
Over 2.00 to 11.0, incl 0.05 0.05
Over 11.00 0.07 0.07

Inch-Pound Units

Diameter
Permissible Variations,

6 in.
Permissible Out-of-Round

0.032 to 0.075, incl 0.001 0.001
Over 0.075 to 0.438, incl 0.002 0.002
Over 0.438 0.003 0.003

AFor purposes of determining conformance with this specification, all specified
limits are absolute as defined in Practice E 29.
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14.2 The size of the wire, purchaser’s order number, ASTM
specification number, heat number, and name or mark of the
manufacturer shall be marked on a tag securely attached to
each coil of wire.

14.3 Unless otherwise specified in the purchaser’s order,
packaging, marking, and loading for shipments shall be in
accordance with those procedures recommended by Practices
A 700.

14.4 For Government Procurement—Packaging, packing,
and marking of material for military procurement shall be in
accordance with the requirements of MIL-STD-163, Level A,
Level C, or commercial as specified in the contract or purchase

order. Marking for shipment of material for civil agencies shall
be in accordance with Fed. Std. No. 123.

14.5 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG B-5 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

15. Keywords

15.1 annealed chromium-silicon alloy; oil; springs; tem-
pered; wire

SUMMARY OF CHANGES

This section identifies the location of selected changes to this standard that have been incorporated since the
A 401/A 401M-98 issue. For the convenience of the user, Committee A01 has highlighted those changes that
impact the use of this standard. This section may also include descriptions of changes or reasons for changes,
or both.

(1) Revised language in Sections 3.1, 6.1, 7.1.1, 7.1.4, and
7.2.3.

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: A 407 – 93 (Reapproved 2004)

Standard Specification for
Steel Wire, Cold-Drawn, for Coiled-Type Springs 1

This standard is issued under the fixed designation A 407; 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 round, cold-drawn, steel spring
wire having properties and quality intended for the manufac-
ture of the following types of upholstery springs:

1.1.1 Type A—Coiled (Marshall pack),
1.1.2 Type B—Coiled and knotted,
1.1.3 Type C—Coiled and knotted (offset style),
1.1.4 Type D—Coiled and hooked (single and cross heli-

cals),
1.1.5 Type E—Coiled and hooked (short tension—regular

tensile strength),
1.1.6 Type F—Coiled and hooked (short tension—high

tensile strength),
1.1.7 Type G—Regular lacing, and
1.1.8 Type H—Automatic lacing.
1.2 These types of upholstery springs are used in the

manufacture of bed spring units, mattresses, furniture cushions,
and automobile seats. This wire is not intended for the
manufacture of mechanical springs.

2. Referenced Documents

2.1 ASTM Standards:2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment

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

2.2 AIAG Standard:
AIAGB-5 02.00 Primary Metals Identification Tag Applica-

tion Standard3

3. Ordering Information

3.1 Orders for material under this specification should
include the following information for each ordered item:

3.1.1 Quantity (weight),
3.1.2 Name of material (name of specific type required)

(Section 1 and Table 1),
3.1.3 Diameter (Table 2),
3.1.4 Packaging, marking, and loading (Section 12),
3.1.5 ASTM designation and date of issue, and
3.1.6 Heat (cast) analysis (if desired).

NOTE 1—A typical ordering description is as follows: 50 000 lb
[15 000 kg], cold-drawn upholstery spring wire Type B for coiling and
knotting, size 0.080 in. [2.0 mm], 1500-lb [700 kg] coils on tubular
carriers to ASTM A 407 dated.

4. Manufacture

4.1 The steel shall be made by any of the following
processes: open-hearth, basic-oxygen, or electric-furnace.

4.2 A sufficient discard shall be made to ensure freedom
from injurious piping and undue segregation.

4.3 The wire shall be cold-drawn to produce the desired
mechanical properties.

5. Chemical Composition

5.1 Upholstery spring wire for coiled-type springs is cus-
tomarily produced within the chemical ranges shown below.
Chemical composition and processing may vary depending on
the gage of wire and specific use.

Carbon, % 0.45 to 0.70A

Manganese, %, 0.60 to 1.20A

A In any lot in which all the wire is of the same size and type, and submitted for
inspection at the same time, the carbon content shall not vary more than 0.20 %,
and the manganese content shall not vary more than 0.30 %.

5.2 An analysis of each heat (cast) shall be made by the
producer to determine the percentage of elements specified
above. The analysis shall be made from a test sample prefer-
ably taken during the pouring of the heat (cast). The chemical
composition thus determined shall be reported to the purchaser
or his representative upon request.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1957. Last previous edition approved in 1998 as A 407 – 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.

3 Available from Automotive Industry Action Group (AIAG), 26200 Lahser Rd.,
Suite 200, Southfield, MI 48034.

1
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6. Mechanical Properties

6.1 Tension Test:

6.1.1 Requirements—The material as represented by tension
test specimens shall conform to the requirements prescribed in
Table 1 for the various sizes and specified types.

6.1.2 Number of Tests—One test specimen shall be taken for
each ten coils, or fraction thereof, in a lot. Each heat in a given
lot shall be tested.

6.1.3 Location of Tests—Test specimens shall be taken from
either end of the coil.

6.1.4 Test Method—The tension test shall be made in
accordance with Test Methods and Definitions A 370.

6.2 Wrap Test:
6.2.1 Requirements—The wire, except that for Type A

(Marshall pack), shall wrap on itself as an arbor without
breakage.

6.2.2 Number of Tests—One test specimen shall be taken for
each ten coils, or fraction thereof, in a lot. Each heat in a given
lot shall be tested.

6.2.3 Location of Tests—Test specimens shall be taken from
either end of the coil.

6.2.4 Test Method—The wrap test shall be made in accor-
dance with Supplement IV of Test Methods and Definitions
A 370.

7. Dimensions and Permissible Variations

7.1 The diameter of the wire shall not vary from that
specified by more than the tolerances specified in Table 2.

8. Workmanship

8.1 Surface Condition—The surface of the wire as received
shall be smooth and have a uniform finish suitable for coiling
the various types of springs. No serious die marks, scratches, or
seams may be present.

8.2 The wire shall be properly cast. To test for cast, a few
convolutions of wire shall be cut from the coil and allowed to
fall on a flat surface. The wire shall lie substantially flat on
itself and shall not spring up and show a wavy condition.

8.3 Each coil shall be one continuous length of wire,
properly coiled. Welds made prior to cold drawing are permit-
ted. Weld areas need not meet the mechanical requirements of
this specification.

9. Retests

9.1 If any test specimen exhibits obvious defects or shows
the presence of a weld, it may be discarded and another
specimen substituted.

10. Inspection

10.1 The manufacturer shall afford the purchaser’s inspector
all reasonable facilities necessary to satisfy him that the
material is being produced and furnished in accordance with
this specification. Mill inspection by the purchaser shall not
interfere unnecessarily with the manufacturer’s operations. All
tests and inspections shall be made at the place of manufacture,
unless otherwise agreed to.

11. Rejection and Rehearing

11.1 Unless otherwise specified, any rejection based on tests
made in accordance with this specification shall be reported to
the manufacturer within a reasonable length of time.

TABLE 1 Tensile Strength Requirements A

Diameter, in. [mm] Wire Gage Tensile Strength, ksi [MPa]
min max

Type A, Marshall Pack

0.048 [1.2] 18 255 [1800] 295 [2060]
0.054 [1.4] 17 250 [1760] 290 [2010]
0.062 [1.6] 16 250 [1710] 290 [1950]
0.072 [1.8] 15 240 [1680] 280 [1920]
0.080 [2.0] 14 230 [1650] 270 [1890]
0.092 [2.4] 13 225 [1610] 265 [1830]
0.106 [2.8] 12 220 [1560] 260 [1780]

Type B, Coiled and Knotted

0.062 [1.6] 16 235 [1550] 270 [1790]
0.072 [1.8] 15 230 [1530] 265 [1770]
0.080 [2.0] 14 225 [1500] 260 [1740]
0.092 [2.4] 13 215 [1460] 250 [1680]
0.106 [2.6] 12 205 [1420] 235 [1640]
0.120 [3.0] 11 195 [1380] 225 [1600]
0.135 [3.5] 10 190 [1350] 220 [1560]
0.148 [3.8] 9 185 [1300] 215 [1530]
0.162 [4.2] 8 180 [1300] 210 [1500]

Type C, Coiled and Knotted (Offset Type)

0.072 [1.8] 15 215 [1450] 245 [1690]
0.080 [2.0] 14 210 [1430] 240 [1670]
0.092 [2.4] 13 200 [1390] 230 [1610]
0.106 [2.6] 12 195 [1360] 225 [1580]

Type D, Coiled and Hooked (Cross Helicals)

0.048 [1.2] 18 215 [1490] 255 [1750]
0.054 [1.4] 17 210 [1440] 250 [1700]
0.062 [1.6] 16 210 [1410] 250 [1650]

Type E, Coiled and Hooked (Short Tension, Regular Tensile Strength)

0.080 [2.0] 14 200 [1410] 240 [1650]
0.092 [2.4] 13 200 [1360] 240 [1580]
0.106 [2.6] 12 195 [1330] 235 [1550]

Type F, Coiled and Hooked (Short Tension, High Tensile Strength)

0.080 [2.0] 14 225 [1550] 260 [1790]
0.092 [2.4] 13 220 [1520] 255 [1740]
0.106 [2.6] 12 215 [1490] 250 [1710]

Type G, Regular Lacing Wire

0.041 [1.0] 19 235 [1640] 275 [1910]
0.048 [1.2] 18 230 [1600] 270 [1860]
0.054 [1.4] 17 225 [1560] 265 [1810]
0.062 [1.6] 16 225 [1520] 265 [1760]

Type H, Automatic Lacing Wire

0.041 [1.0] 19 250 [1740] 290 [2020]
0.048 [1.2] 18 245 [1700] 285 [1960]
0.054 [1.4] 17 240 [1660] 280 [1910]
0.062 [1.6] 16 235 [1620] 275 [1860]

A Tensile strength values for diameters not shown in this table shall conform to
that shown for the next larger diameter (for example, for diameter 0.128 in. [3.25
mm] the value shall be the same as for 0.135 in. [3.42 mm]).

TABLE 2 Permissible Variations in Wire Diameter

NOTE—For purposes of determining conformance with this specifica-
tion, all specified limits are absolute as defined in Practice E 29.

Diameter, in. [mm] Variations, plus and
minus, in. [mm]

Permissible Out-of-
Round, in. [mm]

Sizes finer than 0.076 [2.0]
Sizes 0.076 [2.0] to 0.162 [4.2], incl

0.001 [0.02]
0.002 [0.05]

0.001 [0.02]
0.002 [0.05]
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11.2 Failure of any of the test specimens to comply with the
requirements of this specification shall constitute grounds for
rejection of the lot represented by the specimen. The lot may be
resubmitted for inspection by testing every coil for the char-
acteristic in which the specimen failed and sorting out the
defective coils.

11.3 The material must be adequately protected and cor-
rectly identified in order that the producer may make proper
investigation.

12. Packaging, Marking, and Loading

12.1 Packaging of the coils of wire shall be by agreement
between the producer and the purchaser. This agreement shall
include coil dimensions and weights.

12.2 When specified, the packaging, marking, and loading
shall be in accordance with Practices A 700.

12.3 Marking shall be by a tag securely attached to each coil
of wire and shall show the identity of the producer, size of the
wire, type, and ASTM specification designation.

12.4 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG Standard 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

13. Keywords

13.1 coiled-type; cold-drawn; springs; wire

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: A 414/A 414M – 04

Standard Specification for
Steel, Sheet, Carbon, for Pressure Vessels 1

This standard is issued under the fixed designation A 414/A 414M; 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 specification2 covers hot-rolled carbon steel sheet
for pressure vessels involving fusion welding or brazing.
Welding and brazing technique is of fundamental importance
and shall be in accordance with commercial practices.

1.2 The following grades are included in this specification:
Mechanical Requirements

Grade Yield Strength, min Tensile Strength, min
ksi MPa ksi MPa

A
B
C
D
E
F
G

25
30
33
35
38
42
45

170
205
230
240
260
290
310

45
50
55
60
65
70
75

310
345
380
415
450
485
515

1.3 Hot-rolled carbon steel sheet is generally furnished in
cut lengths and to decimal thickness only. Coils may be
furnished, provided tension test specimens are taken to repre-
sent the middle of the slab as required by 5.1.4. The purchaser
should recognize this requires cutting the coils to obtain test
samples and results in half-size coils. The sheet is furnished to
the following size limits:

Width, in. [mm]

Thickness, in. [mm] Over 12 to 48
[Over 300 to 1200]

Over 48
[Over 1200]

0.270 to 0.230 [7.0 to 6.0] sheet (coils only) sheet (coils only)
Under 0.230 to 0.180 [6.0 to 4.5] sheet sheet (coils only)
Under 0.180 to 0.057 [under 4.5 to 1.5] sheet sheet

1.4 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.

1.5 Tolerances are found in General Requirements Specifi-
cations A 568/A 568M and A 635/A 635M. The appropriate
General Requirements specification is applied based on the
thickness and width of the product ordered.

2. Referenced Documents

2.1 ASTM Standards:3

A 568/A 568M Specification for Steel, Sheet, Carbon, and
High-Strength, Low-Alloy, Hot-Rolled and Cold-Rolled,
General Requirements for

A 635/A 635M Specification for Steel, Sheet and Strip,
Heavy-Thickness Coils, Carbon, Hot Rolled

3. Ordering Information

3.1 Orders for material under this specification shall include
the following information, as required, to describe the material
adequately:

3.1.1 Designation or specification number, date of issue, and
grade,

3.1.2 Copper bearing steel, when required,
3.1.3 Special requirements, if required,
3.1.4 Condition—pickled (or blast cleaned), if required.

(Material so ordered will be oiled unless ordered dry.), and
3.1.5 Dimensions, including type of edges.
3.1.5.1 As agreed upon between the purchaser and the

producer, material ordered to this specification will be supplied
to meet the appropriate standard or restricted thickness toler-
ance table shown in Specification A 568/A 568M.

NOTE 1—Not all producers are capable of meeting all of the limitations
of the thickness tolerance tables in Specification A 568/A 568M. The
purchaser should contact the producer regarding possible limitations prior
to placing an order.

3.1.6 Cast or heat analysis, or test report request, or both, if
required.

NOTE 2—A typical ordering description is as follows: “ASTM A 414,1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1971. Last previous edition approved in 2001 as A 414/A 414M – 01.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SA-414 in Section 11 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.

1

*A Summary of Changes section appears at the end of this standard.
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Grade A, Hot-Rolled Sheet, 0.100 in. [2.54 mm] by 36 in. [914.4 mm] by
96 in. [2438 mm], cut edges.”

4. Chemical Requirements

4.1 Cast or Heat Analysis—The analysis of the steel shall
conform to the requirements prescribed in Table 1.

4.1.1 Unspecified elements may be present. Limits on ele-
ments shall be as stated in Table 2.

4.1.1.1 Each of the elements listed in Table 2 shall be
included in the report of the heat analysis. When the amount of
an element present is less than 0.02 %, the analysis may be
reported as “<0.02 %.”

4.2 Product, Check, or Verification Analysis—Analyses
may be made by the purchaser from finished material repre-
senting each heat.

4.3 Deoxidation—For all grades, killed steel is required.
See Table 1 and footnotes A and B.

5. Mechanical Property Requirements

5.1 Tensile Strength:
5.1.1 Requirements—Material as represented by the test

specimen shall conform to the tensile requirements specified in
Table 3.

5.1.2 Number of Tests—Two tensile tests shall be made
from the product of each slab as rolled.

5.1.3 Location and Orientation(see Fig. 1):
5.1.3.1 Tensile test specimens shall be taken at locations

representing the middle and back end of each slab as rolled.
5.1.3.2 Tensile test samples shall be taken from the full

thickness of the sheet as rolled.
5.1.3.3 Tensile test specimens shall be taken from a location

approximately halfway between the center of the sheet and the
edge of the material as-rolled.

5.1.3.4 Tensile test specimens shall be taken with the axis of
the test specimen perpendicular to the rolling direction (trans-
verse test).

5.1.4 Test Method—Yield strength shall be determined by
either the 0.2 % offset method or by the 0.5 % extension under
load method, unless otherwise specified.

6. General Requirements for Delivery

6.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification A 568/A 568M unless otherwise provided herein.

7. Workmanship

7.1 The material shall be free from injurious defects (see
Specifications A 568/A 568M or A 635/A 635M, as appropri-
ate due to thickness).

8. Finish and Appearance

8.1 Surface Finish:
8.1.1 Unless otherwise specified, the material shall be fur-

nished without removing the hot-rolled oxide or scale.
8.1.2 When required, the material may be specified to be

pickled or blast cleaned.
8.2 Oiling:
8.2.1 Unless otherwise specified, the material shall be fur-

nished not oiled.
8.2.2 When specified to be pickled or blast cleaned, the

material shall be furnished oiled. When required, pickled or
blast-cleaned material may be specified to be furnished dry.

8.3 Edges—Unless otherwise specified, mill edges shall be
furnished on material that has not had the hot-rolled oxide or
scale removed and cut edges shall be furnished on material that
has had the hot-rolled oxide or scale removed.

9. Certification and Reports

9.1 The manufacturer shall furnish copies of a test report
showing the results of the heat analysis and mechanical
property tests made to determine compliance with this speci-
fication. The report shall include the purchase order number,

TABLE 1 Chemical Requirements

Element
Composition — Weight % Heat Analysis

Grade A Grade B Grade C Grade D Grade E Grade F Grade G

Carbon, max 0.15 0.22 0.25 0.25 0.27 0.31 0.31
Manganese, max 0.90 0.90 0.90 1.20 1.20 1.20 1.35
Phosphorus, max 0.035 0.035 0.035 0.035 0.035 0.035 0.035
Sulfur, max 0.035 0.035 0.035 0.035 0.035 0.035 0.035
Aluminum 0.02–0.08 0.02–0.08 0.02–0.08 0.02–0.08 0.02–0.08 0.02–0.08 0.02–0.08
SiliconA,B . . . . . . . . . . . . . . . . . . . . .
Copper, when copper steel is specified, min 0.20 0.20 0.20 0.20 0.20 0.20 0.20

A Where an ellipsis (. . .) appears in this table, there is no requirement, but the analysis shall be reported.
B When silicon or aluminum-silicon killed steel is specified, a range of 0.15 to 0.30 shall apply to the silicon and a range of 0.02 to 0.08 shall apply to the aluminum.

TABLE 2 Limits on Unspecified Elements (See 4.1.1)

Copper, max %A Heat analysis 0.40
Product analysis 0.43

Nickel, max %A Heat analysis 0.40
Product analysis 0.43

Chromium, max %A,B Heat analysis 0.30
Product analysis 0.34

Molybdenum, max %A,B Heat analysis 0.12
Product analysis 0.13

Vanadium, max %C Heat analysis 0.03
Product analysis 0.04

Columbium, max %C Heat analysis 0.02
Product analysis 0.03

A The sum of copper, nickel, chromium, and molybdenum shall not exceed
1.00 % on heat analysis. When one or more of these elements are specified, the
sum does not apply, in which case, only the individual limits on the remaining
unspecified elements will apply.

B The sum of chromium and molybdenum shall not exceed 0.32 % on heat
analysis. When one or more of these elements are specified, the sum does not
apply, in which case, only the individual limits on the remaining unspecified
elements will apply.

C By agreement, the heat analysis limits for vanadium or columbium, or both,
may be increased up to 0.10 % and 0.05 %, respectively.

A 414/A 414M – 04
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specification number, and test identification number correlating
the test results with material represented.

10. Product Marking

10.1 The name or brand of the manufacturer, heat and slab
number, specification designation number, and grade shall be
legibly and durably marked on each cut length sheet in two
places not less than 12 in. [300 mm] from the edges. Cut length
sheets, the maximum lengthwise and crosswise, dimensions of
which do not exceed 72 in. [1800 mm], shall be legibly and
durably marked in one place approximately midway between
the center and a side edge. The manufacturer’s test identifica-
tion number shall be legibly and durably marked on each test
specimen. Steel-die marking of sheets is prohibited.

10.2 For coil product, the information required in 10.1 shall
be legibly and durably marked both on each coil and on a tag
affixed to each coil.

11. Keywords

11.1 carbon steel sheet; pressure vessel steels; steel sheet

SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue,
A 414/A 414M-01, that may impact the use of this standard. (Approved March 1, 2004.)

(1) Deleted Footnote A in Section 1.3.
(2) Added new Section 1.5 to replace Footnote A and to

emphasize the use of the appropriate standard based on the
ordered material 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).

TABLE 3 Tensile Requirements

Grade A Grade B Grade C Grade D Grade E Grade F Grade G

Tensile strength:
min, ksi [MPa] 45 50 55 60 65 70 75

[310] [345] [380] [415] [450] [485] [515]
max, ksi [MPa] 60 65 70 75 85 90 95

[415] [450] [485] [515] [585] [620] [655]
Yield strength, min, ksi [MPa]A 25

[170]
30
[205]

33
[230]

35
[240]

38
[260]

42
[290]

45
[310]

Elongation in 2 in. [50 mm], min, percent:
Under 0.270 to 0.145 [Under 7.0 to 3.8] 26 24 22 20 18 16 16
Under 0.145 to 0.089 [Under 3.8 to 2.2] 24 22 20 18 16 14 14
Under 0.089 to 0.057 [Under 2.2 to 1.5] 23 21 19 17 15 13 13

Elongation in 8 in. [200 mm], min, percent:
Under 0.270 to 0.145 [Under 7.0 to 3.8] 20 18 16 14 12 10 10
A Yield strength determined by the 0.2 % offset or 0.5 % extension under load methods.

FIG. 1 Location of Test Specimens

A 414/A 414M – 04
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Designation: A 417 – 93 (Reapproved 2004)

Standard Specification for
Steel Wire, Cold-Drawn, for Zig-Zag, Square-Formed, and
Sinuous-Type Upholstery Spring Units 1

This standard is issued under the fixed designation A 417; 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 round, uncoated, cold-drawn
spring wire in coils having properties and quality intended for
the manufacture of the following upholstery springs:

1.1.1 Type A—Zig-zag (U-formed),
1.1.2 Type B—Square-formed, and
1.1.3 Type C—Sinuous for furniture spring units.
1.2 These types of upholstery springs are used in the

manufacture of automotive seat springs and furniture springs.
The wire is not intended for the manufacture of mechanical
springs.

2. Referenced Documents

2.1 ASTM Standards:2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance With Specifications

2.2 AIAG Standard:
AIAG B-5 02.00 Primary Metals Identification Tag Appli-

cation Standard3

3. Ordering Information

3.1 Orders for material under this specification should
include the following information for each ordered item:

3.1.1 Quantity (weight),
3.1.2 Name of material (name of specific type required)

(Section 1 and Table 1),
3.1.3 Diameter (Table 2),
3.1.4 Packaging, marking, and loading (Section 10),

3.1.5 ASTM designation and date of issue, and
3.1.6 Heat (cast) analysis (if desired).

NOTE 1—A typical ordering description is as follows: 50 000 lb
[15 000 kg] cold-drawn, upholstery, spring wire Type A for zig-zag-type
springs, Class 1, 200 to 300 ksi, size 0.148 in. [3.0 mm] in 2000-lb [700
kg] coils to ASTM A 417, dated .

4. Manufacture

4.1 The steel shall be made by any of the following
processes: open-hearth, basic-oxygen, or electric-furnace.

4.2 A sufficient discard shall be made to ensure freedom
from injurious piping and undue segregation.

4.3 The wire shall be cold-drawn to produce the desired
mechanical properties.

5. Chemical Composition

5.1 Upholstery spring wire for these types of springs is
customarily produced within the chemical ranges shown be-
low. Chemical composition and processing may vary depend-
ing on the gage of wire and specific use.

Carbon, % 0.50 to 0.75A

Manganese, % 0.60 to 1.20A

Phosphorus, max, % 0.040
Sulfur, max, % 0.050

A In any lot in which all the wire is of the same size and type, and submitted for
inspection at the same time, the carbon content shall not vary more than 0.20 %,
and the manganese content shall not vary more than 0.30 %.

5.2 An analysis of each heat (cast) shall be made by the
manufacturer to determine the percentage of elements specified
above. The analysis shall be made from a test sample prefer-
ably taken during the pouring of the heat (cast). The chemical
composition thus determined shall be reported to the purchaser
or his representative upon request.

6. Mechanical Properties

6.1 Tension Test:
6.1.1 Requirements—The material as represented by tension

test specimens shall conform to the requirements prescribed in
Table 1 for the various sizes and specified types.

6.1.2 Number of Tests—One test specimen shall be taken for
each ten coils, or fraction thereof, in a lot. Each heat in a given
lot shall be tested.

6.1.3 Location of Tests—The test specimen shall be taken
from either end of the coil.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1957. Last previous edition approved in 1998 as A 417 – 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.

3 Available from Automotive Industry Action Group (AIAG), 26200 Lahser Rd.,
Suite 200, Southfield, MI 48034.

1
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6.1.4 Test Method—The tension test shall be made in
accordance with Test Methods and Definitions A 370.

6.2 Wrap Test:
6.2.1 Requirements—The wire for zig-zag-type and for

square-formed-type springs for automobile seat and back
spring units shall wrap on itself as an arbor without breakage.
The wire for sinuous-type furniture spring units shall wrap on
a mandrel twice the diameter of the wire without breakage.

6.2.2 Number of Tests—One test specimen shall be taken for
each ten coils, or fraction thereof in a lot. Each heat in a given
lot shall be tested.

6.2.3 Location of Tests—The test specimen shall be taken
from either end of the coil.

6.2.4 Test Method—The wrap test shall be made in accor-
dance with Supplement IV of Test Methods and Definitions
A 370.

7. Dimensions and Permissible Variations

7.1 The diameter of the wire shall not vary from that
specified by more than the tolerances specified in Table 2.

8. Workmanship

8.1 Surface Condition—The surface of the wire as received
shall be smooth and shall have a uniform finish suitable for
shaping the various type springs. No serious die marks,
scratches, or seams may be present.

8.2 The wire shall be properly cast. To test for cast, a few
convolutions of wire shall be cut from the coil and allowed to
fall on a flat surface. The wire shall lie substantially flat on
itself and shall not spring up and show a wavy condition.

8.3 Each coil shall be one continuous length of wire,
properly coiled. Welds made prior to cold drawing are permit-
ted. Weld areas need not meet the mechanical requirements of
this specification.

9. Retests

9.1 If any test specimen exhibits obvious defects or shows
the presence of a weld, it may be discarded and another
specimen substituted.

10. Inspection

10.1 The manufacturer shall afford the purchaser’s inspector
all reasonable facilities necessary to satisfy him that the
material is being produced and furnished in accordance with
this specification. Mill inspection by the purchaser shall not
interfere unnecessarily with the manufacturer’s operations. All
tests and inspections shall be made at the place of manufacture,
unless otherwise agreed to.

11. Rejection and Rehearing

11.1 Unless otherwise specified, any rejection based on tests
made in accordance with this specification shall be reported to
the manufacturer within a reasonable length of time.

11.2 Failure of any of the test specimens to comply with the
requirements of this specification shall constitute grounds for
rejection of the lot represented by the specimen. The lot may be
resubmitted for inspection by testing every coil for the char-
acteristic in which the specimen failed and sorting out the
defective coils.

11.3 The material must be adequately protected and cor-
rectly identified in order that the manufacturer may make
proper investigation.

12. Packaging, Product Marking, and Loading

12.1 Packaging of the coils of wire shall be by agreement
between the manufacturer and the purchaser. This agreement
shall include coil dimensions and weights.

12.2 When specified, the packaging, marking, and loading
shall be in accordance with Practices A 700.

12.3 Marking shall be by a tag securely attached to each coil
of wire and shall show the identity of the producer, size of the
wire, type, and ASTM specification number.

12.4 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG Standard 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

TABLE 1 Tensile Strength Requirements A

DiameterB

Decimal Size,
in. [mm]

Wire Gage

Tensile Strength, ksi
(MPa)C

Tensile Strength, ksi
(MPa)C

min max min max

Type A, Zig-Zag Type Automobile Seat and Back Spring Units

Class I Class II

0.092 [2.4] 13 220 250 230 260
0.106 [2.6] 12 215 245 225 255
0.120 [3.0] 11 210 240 215 245
0.135 [3.5] 10 205 235 210 240
0.148 [3.8] 9 200 230 210 240
0.162 [4.2] 8 190 220 200 230

Type B, Square-Formed Type Automobile Seat and Back Spring Units

0.092 [2.4] 13 215 245 225 255
0.106 [2.6] 12 210 240 220 250
0.120 [3.0] 11 205 235 215 245
0.135 [3.5] 10 200 230 210 240
0.148 [3.8] 9 190 220 200 230
0.162 [4.2] 8 180 210 190 220

Type C, Sinuous Type Furniture Spring Units

0.092 [2.4] 13 235 265
0.106 [2.6] 12 235 265
0.120 [3.0] 11 230 260
0.135 [3.5] 10 225 255
0.148 [3.8] 9 220 250
0.162 [4.2] 8 215 245
0.177 [4.5] 7 210 240
0.192 [5.0] 6 207 237

A Tensile strength values for diameters not shown in this table shall conform to
that shown for the next larger diameter. (For example, for diameter 0.128 in. [3.25
mm], the value shall be the same as for 0.135 in. [3.5 mm])

B Decimal size is rounded to three significant places in accordance with Practice
E 29.

C 1 ksi = 6.89 MPa.

TABLE 2 Permissible Variations in Wire Diameter

NOTE 1—For purposes of determining conformance with this specifi-
cation, all limits are considered absolute as defined in Practice E 29.

Diameter, in. [mm]
Variations, plus and

minus, in. [mm]
Permissible Out-of-

Round, in. [mm]

Sizes 0.092 [2.2] to 0.192 [5.2] 0.002 [0.05] 0.002 [0.05]

A 417 – 93 (2004)
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13. Keywords
13.1 cold-drawn; sinuous; spring; square-formed; uphol-

stery; wire; zig-zag

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: A 424 – 00

Standard Specification for
Steel, Sheet, for Porcelain Enameling 1

This standard is issued under the fixed designation A 424; 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 sheet steel in coils and cut
lengths for porcelain enameling. The compositions and pro-
cessing of these steels are such that articles for porcelain
enameling may be fabricated from them and, under proper
conditions, enameled. The steels are furnished as Type I, Type
II, and Type III. Type I and Type II are supplied in two
designations, Commercial Steel and Drawing Steel. Type III
steel is interstitial-free and does not require a designation.

2. Referenced Documents

2.1 ASTM Standards:
A 568/A568M Specification for Steel, Sheet, Carbon, and

High-Strength, Low-Alloy, Hot-Rolled and Cold-Rolled,
General Requirements for2

3. Terminology

3.1 Types:
3.1.1 Type I has an extremely low carbon level. This

material is suitable for direct cover coat enameling practice,
but this requirement must be indicated by the purchaser in
accordance with 4.1.6. This material is also suitable for ground
and cover coat enameling practice. It has good sag resistance
and good formability.

3.1.2 Type II steel is suitable for applications where ground
and cover coat enameling operations are employed. The
composition of the Type II steel is obtained in melting
operations.

3.1.3 Type III is an interstitial-free steel and is suitable for
applications where ground and cover coat enameling opera-
tions are employed. The composition of the Type III steel is
obtained in melting operations. It has good sag resistance and
excellent formability.

3.2 Quality Designations:

3.2.1 Commercial Steel is intended for parts where bend-
ing, moderate forming, or moderate drawing may be involved.

3.2.2 Drawing Steel is intended for fabricating identified
parts where the draw is particularly severe or where the
material shall be essentially free of changes in mechanical
properties over a period of time. Drawing Steel should be
specified where the formed material shall be essentially free of
such surface disturbances as stretcher strains or fluting without
the need of prior roller leveling.

3.2.3 Type III interstitial-free steel is intended for fabricat-
ing identified parts where the most severe drawing or forming
is involved and where the material must be free of changes in
mechanical properties over a period of time and free of such
surface disturbances as stretcher strains or fluting without the
need of prior roller leveling.

3.3 Porcelain Enamels:
3.3.1 Ground coat enamels are glasses used primarily for

their bonding characteristics. They may be applied after proper
metal preparation (either pickle or pickle-free depending on
enamel system). These glasses may be applied as either dry
powders or wet slips. This type enamel is suitable for all three
types of steel (Type I, II, or III).

3.3.2 Cover coat enamels are appearance glasses applied for
specific color, corrosion, alkali resistance, and so forth. These
enamels may be applied directly to Type I steels after suitable
metal preparation. They may also be applied over fired ground
coat enamels. They may be applied as either dry powder or wet
slip.

3.3.3 Two coat-one fire enamels are special glass systems
applied as dry powders. They usually are applied as pickle-free
systems. They are suitable for all three types of steel (Type I,
II, or III). Both the base coat (adherence promoting enamel)
and the cover coat (color or other specific properties) are
applied and fired at the same time.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information, as required, to describe adequately
the desired material:

4.1.1 Quantity,
4.1.2 ASTM specification number and date of issue,

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel and Related Alloysand is the direct responsibility of Subcommittee
A01.19on Steel Sheet and Strip.

Current edition approved March 10, 2000. Published May 2000. Originally
published as A 424 – 58 T. Last previous edition A 424 – 97.

2 Annual Book of ASTM Standards,Vol 01.03.

1
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4.1.3 Name of material (Porcelain Enameling Sheet, Type I,
Drawing Steel),

4.1.4 Condition (oiled unless otherwise specified),
4.1.5 Finish (matte (dull) finish will be supplied unless

otherwise specified),
4.1.6 Enameling practice (for Type I, indicate if direct cover

coat practice will be used), and
4.1.7 Dimensions (thickness, width, and length for cut

lengths, or thickness and width of coils).
4.1.7.1 As agreed upon between the purchaser and the

producer, material ordered to this specification will be supplied
to meet the appropriate standard or restricted thickness toler-
ance table shown in Specification A 568/A 568M.

NOTE 1—Not all producers are capable of meeting all of the limitations
of the thickness tolerance tables in Specification A 568/A 568M. The
purchaser should contact the producer regarding possible limitations prior
to placing an order.

4.1.8 Coil size and weight requirements (must include
inside and outside diameters and maximum weight),

4.1.9 Application (show part identification and description),
4.1.10 Special requirements (if required), and
4.1.11 Heat analysis (if required) (see 9.1).

NOTE 2—A typical ordering description is as follows: 40 000 lb,
ASTM A 424 (latest issue) Porcelain Enameling Sheet, Type I, Drawing
Steel, direct cover coat, 0.048 in. by 35 in. by 96 in., Part 2587, Range
Top.

5. Chemical Requirements

5.1 The heat analysis of Type I, Type II, and Type III shall
conform to the requirements prescribed in Table 1 except for
carbon in Type I as noted.

6. Mechanical Requirements

6.1 Bend Test—Commercial Steel sheet shall be capable of
being bent at room temperature in any direction through 180°
flat on itself without cracking on the outside of the bent
portion.

6.2 Formability—Drawing Steel and Type III sheet shall
produce an identified part within a properly established break-
age allowance.

7. Workmanship, Finish, and Appearance

7.1 Surface Finish—Unless otherwise specified, the sheet
shall have a matte (dull) finish suitable for porcelain enamel-
ing.

7.2 Oiling—Unless otherwise specified, the sheet shall be
oiled.

8. General Requirements for Delivery

8.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification A 568/A 568M.

8.2 Products covered by this specification are produced to
decimal thickness only and decimal thickness tolerances apply.

9. Certification

9.1 When requested, the manufacturer shall furnish the
results of the heat analysis made to determine compliance with
this specification and shall include the purchase order number,
ASTM designation number, and heat number correlating the
results with the material represented.

10. Keywords

10.1 sheet; steel

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 Chemical Requirements A

Element
Composition, max, percent

Type I Type II Type III

Carbon 0.008B 0.05 0.02
Manganese 0.40 0.50 0.35
Phosphorus 0.020 0.020 0.020
Sulfur 0.030 0.030 0.030
Other C D

A Where aluminum is used as the deoxidizing agent, the aluminum content total
by product analysis is usually in excess of 0.010 %.

B Heat analysis of carbon is not appropriate for Type I. Sheet product analysis is
appropriate for checking proper type of material. Extremely low carbon levels can
be checked accurately with carbon-combustion type of analyzers.

C Microalloy additions are permitted to meet special customer requirements.
D Columbium or titanium additions, or both, are made to combine with carbon

and nitrogen to produce an interstitial-free steel.
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Designation: A 473 – 01

Standard Specification for
Stainless Steel Forgings 1

This standard is issued under the fixed designation A 473; 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 austenitic, austenitic-ferritic,
ferritic, and martensitic stainless steel forgings for general use,
and for low- or high-temperature service.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:
A 314 Specification for Stainless Steel Billets and Bars for

Forging2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products3

A 484/A 484M Specification for General Requirements for
Stainless Steel Bars, Billets, and Forgings2

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products3

E 527 Practice for Numbering Metals and Alloys (UNS)4

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight or number of pieces),
3.1.2 Dimensions, including prints or sketches,
3.1.3 Name of material (stainless steel forgings),
3.1.4 Type or UNS designation (Table 1),
3.1.5 Condition (Table 2), and
3.1.6 ASTM designation and date of issue.

3.1.7 Test for magnetic permeability if specified by cus-
tomer purchase order when ordering Types 207 and 205.

3.1.8 Special requirements.
3.2 If possible the intended end use of the item should be

given on the purchase order especially when the item is ordered
for a specific end use or uses.

NOTE 1—A typical ordering description is as follows: 5 stainless steel
forgings, Type 410, Designation A, ASTM Specification A 473 dated
———. End use: pump blocks for oil well equipment.

4. General Requirements

4.1 In addition to the requirements of this specification, all
requirements of the current edition of Specification A 484/
A 484M shall apply. Failure to comply with the general
requirements of Specification A 484/A 484M constitutes non-
conformance with this specification.

5. Manufacture

5.1 Material for forgings shall consist of ingots or blooms,
billets, slabs, or bars, either forged or rolled from an ingot, and
cut to the required length by a suitable process. This material,
except for ingots, may be specified to Specification A 314.

5.2 The material shall be forged by hammering, pressing,
rolling, extruding, or upsetting. It shall be brought as nearly as
possible to the finished shape and size by hot-working; and
shall be processed, if practicable, so as to cause metal-flow
during the hot-working operation in the direction most favor-
able for resisting the stresses encountered in service as may be
indicated to the manufacturer by the purchaser.

5.3 When specified on the order, a sample forging may be
sectioned and etched to show flow lines and the condition as
regards internal imperfections. When so specified, the question
of acceptable and unacceptable metal-flow shall be subject to
agreement between the manufacturer and the purchaser prior to
order entry.

5.4 When specified on the order, the manufacturer shall
submit for approval of the purchaser a sketch showing the
shape of the rough forging before machining, or before heat
treating for mechanical properties.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved Mar. 10, 2001. Published April 2001. Originally
published as A 473 – 62 T. Last previous edition A 473 – 99.

2 Annual Book of ASTM Standards, Vol 01.05.
3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 01.01.
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TABLE 1 Chemical Requirements A

UNS
Desig-
nationB

Type
Num-
ber

Carbon,
%

Manga-
nese,

%

Phos-
pho-
rus,
%

Sulfur,
%

Silicon,
%

Chromium,
%

Nickel,
%

Molyb-
denum, %

Nitro-
gen, %

Other
Elements,

%

Austenitic Grades

S20100 201 0.15 5.5–7.5 0.060 0.030 1.00 16.0–18.0 3.5–5.5 . . . 0.25
S20200 202 0.15 7.5–10.0 0.060 0.030 1.00 17.0–19.0 4.0–6.0 . . . 0.25
S20500 205 0.12–0.25 14.0–15.5 0.060 0.030 1.00 16.5–18.0 1.00–1.75 . . . 0.32–0.40
S21900 XM-10 0.08 8.0–10.0 0.060 0.030 1.00 19.0–21.5 5.5–7.5 . . . 0.15–0.40
S21904 XM-11 0.04 8.0–10.0 0.060 0.030 1.00 19.0–21.5 5.5–7.5 . . . 0.15–0.40
S28200 . . . 0.15 17.0–19.0 0.045 0.030 1.00 17.0–19.0 . . . 0.75–1.25 0.40–0.60 Cu 0.75–1.25
S30200 302 0.15 2.00 0.045 0.030 1.00 17.0–19.0 8.0–10.0 . . . 0.10
S30215 302B 0.15 2.00 0.045 0.030 2.00–3.00 17.0–19.0 8.0–10.0 . . . . . .
S30300 303 0.15 2.00 0.20 0.15 min 1.00 17.0–19.0 8.0–10.0 0.60C . . .
S30323 303 Se 0.15 2.00 0.20 0.06 1.00 17.0–19.0 8.0–10.0 . . . . . . Se 0.15 min
S30400 304 0.08 2.00 0.045 0.030 1.00 18.0–20.0 8.0–10.5 . . . 0.10
S30403 304L 0.030 2.00 0.045 0.030 1.00 18.0–20.0 8.0–12.0 . . . 0.10
S30500 305 0.12 2.00 0.045 0.030 1.00 17.0–19.0 10.5–13.0 . . . . . .
S30800 308 0.08 2.00 0.045 0.030 1.00 19.0–21.0 10.0–12.0 . . . . . .
S30815 . . . 0.10 0.80 0.040 0.030 1.40–2.00 20.0–22.0 10.0–12.0 . . . 0.14–0.20 Ce 0.03–0.08
S30900 309 0.20 2.00 0.045 0.030 1.00 22.0–24.0 12.0–15.0 . . . . . .
S30908 309S 0.08 2.00 0.045 0.030 1.00 22.0–24.0 12.0–15.0 . . . . . .
S31000 310 0.25 2.00 0.045 0.030 1.50 24.0–26.0 19.0–22.0 . . . . . .
S31008 310S 0.08 2.00 0.045 0.030 1.50 24.0–26.0 19.0–22.0 . . . . . .
S31254 . . . 0.020 1.00 0.030 0.010 0.80 19.5–20.5 17.5–18.5 6.0–6.5 0.18–0.22 Cu 0.50–1.00
S31400 314 0.25 2.00 0.045 0.030 1.50–3.00 23.0–26.0 19.0–22.0 . . . . . .
S31600 316 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 0.10
S31603 316L 0.030 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 0.10
S31700 317 0.08 2.00 0.045 0.030 1.00 18.0–20.0 11.0–15.0 3.0–4.0 0.10
S32100 321 0.08 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . Ti 53C min
S34700 347 0.08 2.00 0.045 0.030 1.00 17.0–19.0 9.0–13.0 . . . . . . Cb+Ta 103C,

min
S34800 348 0.08 2.00 0.045 0.030 1.00 17.0–19.0 9.0–13.0 . . . . . . Cb+Ta 103C,

min
Ta 0.10
Co 0.20

Austenitic-Ferritic Grades

S32550D . . . 0.04 1.50 0.040 0.030 1.00 24.0-27.0 4.5-6.5 2.9-3.9 0.10-0.25 Cu 1.50–2.50
S32760D . . . 0.030 1.00 0.030 0.010 1.00 24.0–26.0 6.0–8.0 3.0–4.0 0.20–0.30 Cu 0.50–1.00

W 0.50–1.00
S32950 . . . 0.03 2.00 0.035 0.010 0.60 26.0–29.0 3.5–5.2 1.00–2.50 0.15–0.35

Ferritic Grades

S40500 405 0.08 1.00 0.040 0.030 1.00 11.5–14.5 0.60 . . . . . . A1 0.10–0.30
S42900 429 0.12 1.00 0.040 0.030 1.00 14.0–16.0 0.75 . . . . . .
S43000 430 0.12 1.00 0.040 0.030 1.00 16.0–18.0 0.75 . . . . . .
S43020 430F 0.12 1.25 0.06 0.15 min 1.00 16.0–18.0 0.75 0.60C . . .
S43023
S44600

430F Se
446

0.12
0.20

1.25
1.50

0.06
0.040

0.06
0.030

1.00
1.00

16.0–18.0
23.0–27.0

0.75
0.75

. . .

. . .
. . .
0.25

Se 0.15 min

Martensitic Grades

S40300 403 0.15 1.00 0.040 0.030 0.50 11.5–13.0 . . . . . . . . . . . .
S41000 410 0.15 1.00 0.040 0.030 1.00 11.5–13.5 0.75 . . . . . . . . .
S41008 410S 0.08 1.00 0.040 0.030 1.00 11.5–13.5 0.75 . . . . . . . . .
S41400 414 0.15 1.00 0.040 0.030 1.00 11.5–13.5 1.25–2.50 . . . . . . . . .
S41425 . . . 0.05 0.50–1.00 0.020 0.005 0.50 12.0–15.0 4.0–7.0 1.50–2.00 0.06–0.12 Cu 0.30
S41500 E 0.05 0.5–1.0 0.030 0.030 0.60 11.5–14.0 3.5–5.5 0.40–0.80 . . .
S41600 416 0.15 1.25 0.06 0.15 min 1.00 12.0–14.0 . . . 0.60C . . .
S41623 416 Se 0.15 1.25 0.06 0.06 1.00 12.0–14.0 . . . . . . . . . Se 0.15 min
S42000 420 Over 0.15 1.00 0.040 0.030 1.00 12.0–14.0 . . . . . . . . . . . .
S43100 431 0.20 1.00 0.040 0.030 1.00 15.0–17.0 1.25–2.50 . . . . . . . . .
S44002 440A 0.60–0.75 1.00 0.040 0.030 1.00 16.0–18.0 . . . 0.75 . . .
S44003 440B 0.75–0.95 1.00 0.040 0.030 1.00 16.0–18.0 . . . 0.75 . . .
S44004 440C 0.95–1.20 1.00 0.040 0.030 1.00 16.0–18.0 . . . 0.75 . . .

A Maximum, unless range or minimum is indicated.
B New designation established in accordance with Practice E 527 and SAE J 1086.
C At manufacturer’s option; reported only when intentionally added.
D % Cr + 3.3 3 % Mo + 16 3 % N $ 40.
E Wrought version of CA6NM.
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5.5 The grain size shall be as fine as practicable and
precautions shall be taken to minimize grain growth.

6. Heat Treatment

6.1 Except for S31254, the austenitic steels shall receive a
solution heat treatment, consisting of heating the material to a
minimum temperature of 1900°F (1040°C), followed by cool-
ing rapidly in air or water.

6.2 S31254 shall receive a solution heat treatment, consist-
ing of heating the material to a minimum temperature of
2100°F (1150°C) followed by cooling rapidly in air or water.

6.3 When specified, Types 347, 348, and 321 shall receive a
stabilization heat treatment in addition to the solution heat
treatment specified in 6.1, which shall consist of holding the
forgings at 1550 to 1750°F (845 to 955°C) for 1 h for each inch
of section thickness with a minimum holding time of 2 h,
followed by air-cooling or water quenching. The stabilization
heat treatment is not usually specified, unless thesesteels are
intended for severely corrosive environments in the tempera-
ture range from 800 to 1600°F (425 to 870°C). When specified,

the stabilization heat treatment shall be the final heat treatment
and may be performed before machining.

6.4 S32950 shall receive an annealing treatment, consisting
of heating the material to a temperature of 1825°F (995°C) to
1875°F (1025°C) for an appropriate time followed by water
quenching or rapid cooling by other means.

6.5 S32760 shall receive an annealing treatment consisting
of heating the material to a minimum temperature of 2010°F
(1100°C), followed by water quenching or rapid cooling by
other means.

6.6 The ferritic grades shall be properly annealed:
6.7 Except for S41425 and S41500, the martensitic grades

shall be annealed, or hardened and tempered as specified.
Liquid quenching shall be permitted only by agreement with
the purchaser.

6.8 For S41425, heat to 1700°F (925°C) minimum and hold
for 1 h attemperature minimum. Air cool to below 90°F (32°C)
and temper at 1100°F (595°C) minimum for 1 h/in. of
cross-sectional thickness minimum.

TABLE 2 Mechanical Property Requirements

Type Condition
Yield Strength,

min, ksi
(MPa)A

Tensile Strength,
min, ksi
(MPa)

Elongation
in 2 in.

(50 mm) or
4D, min %

Reduction
of Area,
min, %

Brinell
Hardness
Number,

max

Austenitic Grades

201, 302, 302B, 303, 303SE, 305, 308, 309,
309S, 310, 310S, 314, 317, 321, 347, 348

A 30 (205) 75 (515) 40 50 . . .

202 A 45 (310) 90 (620) 40 50 . . .
205 A 50 (345) 90 (620) 40 50 . . .
304 and 316, Sections 5 in. (127 mm) and
Under

A 30 (205) 75 (515) 40 50 . . .

304 and 316, Sections Over 5 in. (127 mm) A 30 (205) 70 (485) 40 50 . . .
304L and 316L A 25 (170) 65 (450) 40 50 . . .
XM-10 and XM-11 A 50 (345) 90 (620) 45 60 . . .
S28200 A 60 (415) 110 (760) 40 55 . . .
S30815 A 45 (310) 87 (600) 40 50 . . .
S31254 A 44 (300) 95 (650) 35 50 . . .

Austenitic-Ferritic Grades

S32550 A 80 (550) 109 (750) 25.0 . . . 290
S32950 A 70 (480) 100 (690) 15 . . . 293
S32760 A 80 (550) 109 (750) 25 . . . 290

Ferritic Grades

430F, 430FSE, 446 A 40 (275) 70 (485) 20 45 223
405 A 30 (205) 60 (415) 20 45 207
429 A 35 (240) 65 (450) 23 45 207
430 A 35 (240) 70 (485) 20 45 217

Martensitic Grades

403, 410, 416, 416SE A 40 (275) 70 (485) 20 45 223
410S A 35 (240) 65 (450) 22 45 217
414 A . . . . . . . . . . . . . . . . . . 298

T 90 (620) 115 (795) 15 45 321
H 100 (690) 125 (860) 15 45 321

S41425 T 120 (825) 95 (655) 15 45 321
S41500 normalized and tempered 90 (620) 115 (795) 15 45 295
420 A . . . . . . . . . . . . . . . . . . 223
431 A . . . . . . . . . . . . . . . . . . 277B

T 90 (620) 115 (795) 15 . . . 321
H 135 (930) 175 (1210) 13 . . . 440

440A, 440B, 440C A . . . . . . . . . . . . . . . . . . 269
A Yield strength shall be determined by the 0.2 % offset method in accordance with Test Methods and Definitions A 370. An alternative method of determining yield

strength may be used based on a total extension under load of 0.5 %.
B Type 431 forgings of designation A, when specified, shall be capable of meeting the above mechanical property requirements of designation T after oil quenching from

1800 to 1900°F (980 to 1038°C) and tempering at not less than 1100°F (595°C), or designation H when oil quenched from 1850 to 1950°F (1010 to 1065°C) and tempered
at not more than 700°F (370°C).
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6.9 For S41500 heat to 1750°F (955°C) minimum, air cool
to 200°F (95°C) or lower prior to any optional intermediate
temper and prior to the final temper. The final temper shall be
between 1050°F (565°C) and 1150°F (620°C).

6.10 Types 420, 440A, 440B, and 440C should be used by
the purchaser in the hardened and tempered condition. In
response to heat treatment, these materials shall be capable of
meeting the minimum hardness requirements as specified in
Table 3.

6.11 Type S32550 shall receive an annealing treatment
consisting of heating the material to a minimum temperature of
1940°F (1060°C), followed by water quenching of rapid
cooling by other means.

7. Chemical Composition

7.1 The steel shall conform to the requirements for chemical
composition specified in Table 1.

7.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with
Methods, Practices, and Terminology A 751.

8. Mechanical Properties Requirements

8.1 The material shall conform to the room temperature
mechanical requirements specified in Table 2.

8.2 Instead of tension tests, hardness requirements, in ac-
cordance with Table 2, may be specified by the purchaser for
the ferritic and the martensitic steels.

8.3 The martensitic grades shall be capable of meeting the
hardness requirements, after heat treating, as specified in Table
3.

9. Magnetic Permeability

9.1 When required by the purchase order, the magnetic
permeability of Types 201 and 205 in the annealed condition
shall not exceed 1.2 as tested by a Severn-type indicator.

10. Prolongations for Tests

10.1 Subject to Sections 10 and 12, the forgings shall be
produced with prolongations for testing, unless otherwise
specified. The producer may elect to submit an extra forging to

represent each test lot instead of prolongations, or the test
specimens can be taken from the forgings themselves.

11. Number of Tests

11.1 For all classes of forgings weighing from 5000 to 7000
lb (2270 to 3180 kg) each, at least one tension test shall be
made from each forging. Also, one magnetic permeability test
must be made when specified on the customer order.

11.2 For all classes of forgings weighing more than 7000 lb
each, one tension test shall be made from each end of each
forging. In the case of ring forgings, the tension test specimen
shall be removed from each of two locations on the periphery,
approximately 180° apart, or insofar as practicable from
opposite ends of the forging. Also, one magnetic permeability
test must be made when specified on the customer order.

11.3 For forgings weighing less than 5000 lb each, one
tension test shall be made from each size classification for each
heat in each heat-treating charge. When the heat-treating cycles
are the same and the furnaces (either batch or continuous type)
are controlled within6 25°F (614°C) and equipped with
recording pyrometers so that complete records of heat treat-
ment are available, then only one tension test from each heat of
each size classification is required. Also, one magnetic perme-
ability test must be made when specified on the customer order.

12. Test Specimens

12.1 Tension test specimens shall be taken from the test
prolongations or from the forgings as provided in Section 10.

12.2 Depending upon the method of forging, test specimens
shall be procured as follows, unless otherwise specified:

12.2.1 The axis of the specimen shall be located at any point
midway between the center and the surface of solid forgings; at
any point midway between the inner and outer surfaces of the
wall of bored forgings; and shall be parallel to the direction of
greatest metal flow.

12.2.2 The axis of the specimen shall be tangential to the
forging on the periphery; that is, at right angles to both the
radius and the axis of the forging.

12.3 The tension test specimens shall be machined to the
form and dimensions for standard round tension test specimens
with 2-in. or 50-mm gage length shown in Fig. 5 of Test
Methods and Definitions A 370. On small forgings where it is
not practicable to use such specimens, the substitution of
specimens conforming to the small-size specimens of Fig. 6 of
Test Methods and Definitions A 370 is permitted.

13. Retreatment

13.1 If any specimen selected to represent any lot as
described in Section 12 fails to meet any of the test require-
ments, the material represented by such specimens may be
retreated and resubmitted for test.

14. Keywords

14.1 austenitic stainless steel; austenitic-ferritic duplex
stainless steel; ferritic stainless steel; martensitic stainless steel;
stainless steel forgings

TABLE 3 Response to Heat Treatment

TypeA UNS
Heat TreatmentB

Temperature
°F (°C)

Quenchant
Hardness

HRC,
min

403 S40300 1750 (955) Air 35
410 S41000 1750 (955) Air 35
410S S41008 1750 (955) Oil 25 max
414 S41400 1750 (955) Oil 42
416 S41600 1750 (955) Air 35
416 Se S41623 1750 (955) Air 35
420 S42000 1825 (955) Air 50
431 S43100 1875 (1020) Oil 40
440A S44002 1875 (1020) Air 55
440B S44003 1875 (1020) Oil 56
440C S44004 1875 (1020) Air 58
A Samples for testing shall be in the form of a section not exceeding 3⁄8 in. (9.50

min) in thickness.
B Temperature tolerance is 625°F (14°C).
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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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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,
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Designation: A 478 – 97 (Reapproved 2002)

Standard Specification for
Chromium-Nickel Stainless Steel Weaving and Knitting
Wire1

This standard is issued under the fixed designation A 478; 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 more commonly used types
of round stainless steel wire intended especially for weaving
and knitting.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:
A 555/A555M Specification for General Requirements for

Stainless Steel Wire and Wire Rods2

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight),
3.1.2 Name of material (stainless steel),
3.1.3 Condition (see Section 5),
3.1.4 Finish (see Section 7),
3.1.5 Cross section (round),
3.1.6 Form (wire),
3.1.7 Applicable dimensions (diameter),
3.1.8 Type designation (see Table 1),
3.1.9 ASTM designation and date of issue, and
3.1.10 Special requirements.
3.2 If possible, the intended end use of the item should be

given on the purchase order especially when the item is ordered
for a specific end use or uses.

NOTE 1—A typical ordering description is as follows: 1000 lb; stainless
steel, dead soft, bright annealed wire, 0.015 in. diameter, spools, Type 304,

ASTM Specification A 478 dated ______, End Use Wire Screen.

4. Chemical Composition

4.1 The steel shall conform to the requirements as to
chemical composition specified in Table 1.

4.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

5. Conditions

5.1 Wire may be furnished in one of the following condi-
tions:

5.1.1 Annealed,
5.1.2 Bright annealed, or
5.1.3 Cold drawn.

6. Mechanical Requirements

6.1 The material shall conform to the requirements as to
mechanical properties specified in Table 2.

7. Finish

7.1 The types of finish procurable are as follows:
7.1.1 Pickled finish and
7.1.2 Bright finish.

8. General Requirements for Delivery

8.1 In addition to the requirements of this specification, all
requirements of the current edition of Specification A 555/
A 555M shall apply. Failure to comply with the general
requirements of Specification A 555/A 555M constitutes non-
conformance with this specification.

9. Packaging

9.1 Each coil or spool shall be one continuous length of
wire. Each coil shall be firmly tied and each spool shall be
tightly wound. Unless otherwise specified, coils shall be placed
in drums or shall be paper wrapped, and spools shall be boxed
in such a manner as to ensure safe delivery to their destination
when properly transported by any common carrier.

10. Keywords

10.1 knitting wire; stainless steel; weaving wire

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved Sept 10, 1997. Published September 1998. Originally
published as A 478 – 62 T. Last previous edition A 478 – 95a.

2 Annual Book of ASTM Standards, Vol 01.03.
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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 1 Chemical Requirements

UNS
Desig-
nationA

Type

Composition, %

Other ElementsCar-
bon,
max

Man-
ga-

nese,
max

Phos-
pho-
rus,
max

Sul-
fur,
max

Sili-
con,
max

Chromium Nickel
Molyb-
denum

Ni-
tro-
gen,
max

S 30200 302 0.15 2.00 0.045 0.030 1.00 17.00–19.00 8.00–10.00 . . . 0.10 . . .
S 30400 304 0.08 2.00 0.045 0.030 1.00 18.00–20.00 8.00–10.50 . . . 0.10 . . .
S 30403 304L 0.03 2.00 0.045 0.030 1.00 18.00–20.00 8.00–12.00 . . . 0.10 . . .
S 30500 305 0.12 2.00 0.045 0.030 1.00 17.00–19.00 10.5–13.0 . . . 0.10 . . .
S 30908 309S 0.08 2.00 0.045 0.030 0.75 22.00–24.00 12.00–15.00 . . . . . . . . .
S 30940 309Cb 0.08 2.00 0.045 0.030 1.00 22.00–24.00 12.00–16.00 . . . 0.10 Cb+Ta 103C-1.10
S 31040 310Cb 0.08 2.00 0.045 0.030 1.50 24.00–26.00 19.00–22.00 . . . 0.10 Cb+Ta 103C-1.10
S 31600 316 0.08 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 0.10 . . .
S 31603 316L 0.03 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 0.10 . . .
S 31640 316Cb 0.08 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 0.10 Cb+Ta 103C-1.10
S 31635 316Ti 0.08 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 0.10 Ti 53(C+N)-0.70
S 31700 317 0.08 2.00 0.045 0.030 1.00 18.00–20.00 11.00–15.00 3.00–4.00 0.10 . . .

TABLE 2 Mechanical Requirements

Condition Diameter, in. (mm) Tensile Strength, psi (MPa)
Elongation in 10
in. or 254 mm,

min, %

Annealed or bright annealedA 0.002 (0.05) to 0.005 (0.13), incl 145 000 (1000), max 30
Over 0.005 (0.13) to 0.009 (0.23), incl 135 000 (930), max 30
Over 0.009 (0.23) to 0.015 (0.38), incl 130 000 (900), max 35
Over 0.015 (0.38) to 0.020 (0.51), incl 125 000 (860), max 40
Over 0.020 (0.51) to 0.025 (0.64), incl 120 000 (830), max 40
Over 0.025 (0.64) to 0.035 (0.89), incl 115 000 (790), max 40
Over 0.035 (0.89) to 0.043 (1.09), incl 110 000 (760), max 45
Over 0.043 (1.09) 105 000 (720), max 45

Cold drawnB 0.030 (0.76) to 0.125 (3.18), incl
Over 0.125 (3.18)

120 000 (830) to 150 000 (1030)
110 000 (760) to 140 000 (970)

15
15

A In the annealed or bright annealed condition, for Type 302 and Type 304, tensile strength maximum is 10 000 psi (70 MPa) higher.
B Wire ordered in the cold-drawn condition can be supplied to higher tensile strength levels as specified by the purchaser.
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Designation: A 479/A 479M – 04 Used in USDOE-NE Standards

Standard Specification for
Stainless Steel Bars and Shapes for Use in Boilers and
Other Pressure Vessels 1

This standard is issued under the fixed designation A 479/A 479M; 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 hot- and cold-finished bars of
stainless steel, including rounds, squares, and hexagons, and
hot-rolled or extruded shapes such as angles, tees, and channels
for use in boiler and pressure vessel construction.2

NOTE 1—There are standards covering high nickel, chromium, austen-
itic corrosion, and heat-resisting alloy materials. These standards are
under the jurisdiction of ASTM Subcommittee B02.07 and may be found
in Annual Book of ASTM Standards, Vol 02.04.

1.2 The values stated in either inch-pound units or SI
(metric) units are to be regarded separately as standards; within
the text and tables, the SI units are shown in [brackets]. The
values stated in each system are not exact equivalents; there-
fore, each system must be used independent of the other.
Combining values from the two systems may result in noncon-
formance with the specification.

1.3 Unless the order specifies the applicable “M” specifica-
tion designation, the material shall be furnished to the inch-
pound units.

2. Referenced Documents

2.1 ASTM Standards:3

A 262 Practices for Detecting Susceptibility to Intergranu-
lar Attack in Austenitic Stainless Steels

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 484/A 484M Specification for General Requirements for
Stainless Steel Bars, Billets, and Forgings

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products

E 112 Test Methods for Determining Average Grain Size
E 527 Practice for Numbering Metals and Alloys (UNS)
2.2 Other Document:
SAE J1086 Recommended Practice for Numbering Metals

and Alloys4

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight or number of pieces);
3.1.2 Dimensions, including diameter or thickness (and

width), shape or form, applicable prints or sketches, length,
etc.;

3.1.3 Type or UNS designation (Table 1);
3.1.4 ASTM designation and edition year if other than latest

edition;
3.1.5 Heat treated condition (Section 4);
3.1.6 Finish (see Manufacture section of Specification

A 484/A 484M);
3.1.7 Supplementary Requirements invoked for special ser-

vices (described at the end of this specification);
3.1.8 Whether bars are to be rolled as bars or cut from strip

or plate;
3.1.9 Preparation for delivery (see Preparation for Delivery

section of Specification A 484/A 484M);
3.1.10 Marking requirements (see Marking section of

Specification A 484/A 484M);
3.1.11 Surface preparation of shapes (see Manufacture sec-

tion of Specification A 484/A 484M); and
3.1.12 The intended use of the material, if the purchaser

considers this useful information.

NOTE 2—A typical ordering description is as follows: 5000 lb [2000
kg]; 1.000 in. [25 mm] round bar by 10 to 12 ft [3 to 4 m]; Type 304 or
UNS S30400; to Specification A 479 [A 479M]; annealed; centerless
ground; plus any optional supplementary requirements, such as, for

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat-Rolled and Wrought Stainless Steel.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1962. Last previous edition approved in 2003 as A 479/A 479M – 03.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SA-479/SA-479M 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 Available from Society of Automotive Engineers (SAE), 400 Commonwealth
Dr., Warrendale, PA 15096-0001.

1

*A Summary of Changes section appears at the end of this standard.
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example, special marking instructions.

4. Heat Treatment

4.1 Austenitic Grades:
4.1.1 Except for the strain-hardened grade (see 4.1.3) and

the hot-rolled grade (see 4.1.4), all austenitic grades of stain-
less steel shall be furnished in the solution-annealed condition,
with subsequent light cold drawing and straightening permit-
ted. (See Supplementary Requirement S5 if annealing must be
the final operation.) Solution annealing for all grades, except
the H grades (see 4.1.2), N08367 (see 4.1.8), S31254 (see
4.1.5), S32050 (see 4.1.5), S33228 (see 4.1.7), S34565 (see
4.1.6), and S35315 (see 4.1.9), shall consist of(1) heating the
material to a temperature of 1900°F [1040°C] minimum so that
grain boundary carbides enter into solution, and cooling
rapidly to prevent grain boundary carbide precipitation; or
alternatively5 (2) (except for the columbium and titanium
stabilized grades 309Cb, 310Cb, 316Cb, 316Ti, 321, 347, and
348) immediately following hot working while the temperature
is above 1750°F [955°C] so that grain boundary carbides are in
solution, cooling rapidly to prevent grain boundary carbide
precipitation. When Supplementary Requirement S2 is in-
voked, all austenitic grades except S30815 shall pass the
intergranular corrosion test requirements described in S2.

4.1.2 For H grades, the minimum solution annealing tem-
peratures shall be as follows:

4.1.2.1 When hot finished, 1900°F [1040°C] for Types
304H, 309H, 310H, and 316H; 1925°F [1050°C] for Types
321H, 347H, and 348H,

4.1.2.2 When cold worked prior to solution annealing,
1900°F [1040°C] for Types 304H, 309H, 310H, and 316H;
2000°F [1095°C] for Types 321H, 347H, and 348H.

NOTE 3—Solution annealing temperatures above 1950°F [1065°C] may
impair the resistance to intergranular corrosion after subsequent exposure
to sensitizing conditions in the stabilized grades, Types 321, 321 H, 347,
347 H, 348 and 348 H. When intergranular corrosion is of concern, the
purchaser should specify the corrosion test of S2 (to be conducted on
sensitized specimens). The manufacturer may, if necessary, use a lower
temperature resolution anneal or a stabilization anneal after a high
temperature solution anneal in order to meet corrosion test requirements.
Consideration should be given to the corrosive media before using a
stabilization anneal at less than 1800°F [980°C], as such a treatment may
not be fully effective for all media.

NOTE 4—Grain size requirements for the H grades are described in
Section 7.

4.1.3 Strain-Hardened Austenitic Type 316—When Type
316 is desired with increased mechanical properties, the
strain-hardened condition may be specified and is produced by
solution annealing, as described in 4.1.1, followed by strain
hardening sufficient to meet the required mechanical proper-
ties. Solution-annealed and strain-hardened material shall be
capable of meeting the intergranular corrosion test of Supple-
mentary Requirement S2.

4.1.3.1 Two strain hardened conditions have been estab-
lished for different applications: Level 1 and Level 2 (see Table
2).

4.1.4 High tensile Type XM-19 shall be in the hot-rolled or
strain-hardened condition and shall be capable of meeting the
mechanical property requirements of Table 2 and passing the
intergranular corrosion test prescribed in S2. The strain hard-
ened condition is achieved by solution annealing followed by
cold working sufficient to develop the required mechanical
properties.

4.1.5 Solution annealing of S31254, S32050, and S32654
shall consist of heating the material to a temperature of 2100°F
[1150°C] minimum for an appropriate time, followed by water
quenching or rapidly cooling by other means.

4.1.6 Solution annealing of S34565 shall consist of heating
the material in the range of temperature from 2050°F [1120°C]
to 2140°F [1170°C] for an appropriate time, followed by water
quenching or rapidly cooling by other means.

4.1.7 Solution annealing of S33228 shall consist of heating
the material in the temperature range 2050 to 2160°F [1120 to
1180°C] for an appropriate time, followed by water quenching
or rapid cooling by other means.

4.1.8 Solution annealing of N08367 shall consist of heating
the material to a temperature of 2025°F [1105°C] minimum for
an appropriate time, followed by water quenching or rapidly
cooling by other means.

4.1.9 Solution annealing of S35315 shall consist of heating
the material to a temperature of 2100°F [1150°C] minimum for
an appropriate time, followed by water quenching or rapidly
cooling by other means.

4.2 Austenitic-Ferritic Grades:
4.2.1 S31803, S32205, and S32550 shall be furnished in the

annealed condition with subsequent straightening permitted.
The annealing treatment of S31803 and S32550 shall consist of
heating the material to a temperature of 1900°F [1040°C]
minimum for an appropriate time followed by water quenching
or rapid cooling by other means. The annealing treatment for
S32205 shall consist of heating the material to a temperature of
1900°F [1040°C] minimum for an appropriate time, followed
by water quenching.

4.2.2 S32101 shall be annealed by heating the material to a
temperature of 1870°F [1020°C] minimum for an appropriate
time followed by water quenching or rapid cooling by other
means.

4.2.3 S32950 shall be annealed by heating the material to a
temperature of 1825°F [995°C] to 1875°F [1025°C] for an
appropriate time, followed by water quenching or rapid cooling
by other means.

4.2.4 S32750 shall be annealed by heating the material to a
temperature of 1880°F [1025°C] to 2060°F [1125°C] for an
appropriate time, followed by water quenching or rapid cooling
by other means. Subsequent straightening shall be permitted.

4.2.5 S32760 shall be annealed by heating the material to a
temperature of 2010°F [1100°C] to 2085°F [1140°C] for an
appropriate time, followed by water quenching or rapid cooling
by other means.

4.2.6 UNS S32906 shall be annealed by heating the material
to a temperature of 1900°F (1040°C) to 1980°F (1080°C) for
an appropriate time followed by rapid cooling in air or water.
Subsequent straightening shall be permitted.5 For explanation see Appendix X1.
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4.2.7 S39277 shall be annealed by heating the material to
1940°F [1060°C] to 2060°F [1125°C] for an appropriate time,
followed by water quenching or rapid cooling by other means.
Subsequent straightening shall be permitted.

4.3 Ferritic Grades—Ferritic grades shall be annealed to
meet the requirements of Table 2.

4.4 Martensitic Grades:
4.4.1 All grades of martensitic steels shall be supplied in

either the annealed condition or in the tempered condition as

specified by the purchaser (see 3.1.3). Tempered material shall
be normalized, or shall be liquid quenched from 1700°F
[925°C] minimum, followed by tempering in accordance with
4.4.2, 4.4.3, or 4.4.5.

4.4.2 Types 403 and 410 tempered material shall be held at
tempering temperature for at least 1 h/in. [25.4 mm] of cross
section as follows:

TABLE 1 Chemical Requirements

UNS
Designa-

tionA
Type

Composition, %B

Carbon
Man-

ganese
Phos-
phorus

Sulfur Silicon Chromium Nickel Nitrogen
Molyb-
denum

Other ElementsC

Austenitic Grades

N08367 . . . 0.030 2.00 0.040 0.030 1.00 20.0–22.0 23.5–25.5 0.18–0.25 6.0–7.0 Cu 0.75
S20161 . . . 0.15 4.0–6.0 0.045 0.030 3.0–4.0 15.0–18.0 4.0–6.0 0.08–0.20 . . . . . .
S20910 XM-19 0.06 4.0–6.0 0.045 0.030 1.00 20.5–23.5 11.5–13.5 0.20–0.40 1.50–3.00 Cb 0.10–0.30;

V 0.10–0.30
S21600 XM-17 0.08 7.5–9.0 0.045 0.030 1.00 17.5–20.5 5.0–7.0 0.25–0.50 2.00–3.00 . . .
S21603 XM-18 0.03 7.5–9.0 0.045 0.030 1.00 17.5–20.5 5.0–7.0 0.25–0.50 2.00–3.00 . . .
S21800
S21904

. . .
XM-11

0.10
0.04

7.0–9.0
8.0–10.0

0.060
0.045

0.030
0.030

3.5–4.5
1.00

16.0–18.0
19.0–21.5

8.0–9.0
5.5–7.5

0.08–0.18
0.15–0.40

. . . . . .

S24000 XM-29 0.08 11.5–14.5 0.060 0.030 1.00 17.0–19.0 2.3–3.7 0.20–0.40 . . . . . .
S30200 302 0.15 2.00 0.045 0.030 1.00 17.0–19.0 8.0–10.0 0.10 . . . . . .
S30400 304 0.08C 2.00 0.045 0.030 1.00 18.0–20.0 8.0–10.5 . . . . . . . . .
S30403 304L 0.030 2.00 0.045 0.030 1.00 18.0–20.0 8.0–12.0 . . . . . . . . .
S30409 304H 0.04–0.10 2.00 0.045 0.030 1.00 18.0–20.0 8.0–10.5 . . . . . . . . .
S30451 304N 0.08 2.00 0.045 0.030 1.00 18.0–20.0 8.0–12.0 0.10–0.16 . . . . . .
S30453 304LN 0.030 2.00 0.045 0.030 1.00 18.0–20.0 8.0–11.0 0.10–0.16 . . . . . .
S30600 . . . 0.018 2.00 0.020 0.020 3.7–4.3 17.0–18.5 14.0–15.5 . . . 0.20 Cu 0.50
S30815 . . . 0.05–0.10 0.80 0.040 0.030 1.40–2.00 20.0–22.0 10.0–12.0 0.14–0.20 . . . Ce 0.03–0.08
S30908 309S 0.08 2.00 0.045 0.030 1.00 22.0–24.0 12.0–15.0 . . . . . . . . .
S30909 309H 0.04–0.10 2.00 0.045 0.030 1.00 22.0–24.0 12.0–15.0 . . . . . . . . .
S30940 309Cb 0.08 2.00 0.045 0.030 1.00 22.0–24.0 12.0–16.0 . . . . . . Cb 103C- 1.10
S30880 ER308D 0.08 1.00–2.50 0.030 0.030 0.25–0.60 19.5–22.0 9.0–11.0 . . . . . . . . .
S31008 310S 0.08 2.00 0.045 0.030 1.00 24.0–26.0 19.0–22.0 . . . . . . . . .
S31009 310H 0.04–0.10 2.00 0.045 0.030 1.00 24.0–26.0 19.0–22.0 . . . . . . . . .
S31040 310Cb 0.08 2.00 0.045 0.030 1.00 24.0–26.0 19.0–22.0 . . . . . . Cb 103C-1.10
S31254 . . . 0.020 1.00 0.030 0.010 0.80 19.5–20.5 17.5–18.5 0.18–0.22 6.0–6.5 Cu 0.50–1.00
S31600 316 0.08C 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 . . . 2.00–3.00 . . .
S31603 316L 0.030 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 . . . 2.00–3.00 . . .
S31609 316H 0.04–0.10 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 . . . 2.00–3.00 . . .
S31635 316Ti 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 0.10 2.00–3.00 Ti 53(C+N)- 0.70
S31640 316Cb 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 0.10 2.00–3.00 Cb 103C- 1.10
S31651 316N 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 0.10–0.16 2.00–3.00 . . .
S31653 316LN 0.030 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 0.10–0.16 2.00–3.00 . . .
S31700 317 0.08 2.00 0.045 0.030 1.00 18.0–20.0 11.0–15.0 . . . 3.0–4.0 . . .
S31725 . . . 0.030 2.00 0.045 0.030 1.00 18.0–20.0 13.5–17.5 0.20 4.0–5.0 . . .
S31726 . . . 0.030 2.00 0.045 0.030 1.00 17.0–20.0 14.5–17.5 0.10–0.20 4.0–5.0 . . .
S32050 . . . 0.030 1.50 0.035 0.020 1.00 22.0–24.0 20.0–23.0 0.21–0.32 6.0–6.8 Cu 0.40
S32100 321 0.08E 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . Ti 53(C+N)- 0.70F

S32109 321H 0.04–0.10 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . Ti 43(C+N)- 0.70F

S32615 . . . 0.07 2.00 0.045 0.030 4.8–6.0 16.5–19.5 19.0–22.0 . . . 0.30–1.50 Cu 1.50–2.50
S32654 . . . 0.020 2.0–4.0 0.030 0.005 0.50 24.0–25.0 21.0–23.0 7.0–8.0 0.45–0.55 Cu 0.30–0.60
S33228 . . . 0.04–0.08 1.00 0.020 0.015 0.30 26.0–28.0 31.0–33.0 . . . . . . Cb 0.60–1.00;

Ce 0.05–0.10;
Al 0.025

S34565 . . . 0.030 5.0–7.0 0.030 0.010 1.00 23.0–25.0 16.0–18.0 0.40–0.60 4.0–5.0 Cb 0.10
S34700 347 0.08E 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . Cb 103C–1.10
S34709 347H 0.04–0.10 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . Cb 83C–1.10
S34800 348 0.08E 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . (Cb+Ta) 103C–1.10;

Ta 0.10;
Co 0.20

S34809 348H 0.04–0.10 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . (Cb + Ta) 83C–1.10;
Co 0.20;
Ta 0.10

S35315 . . . 0.04–0.08 2.00 0.040 0.030 1.20–2.00 24.0–26.0 34.0–36.0 0.12–0.18 . . . Ce 0.03–0.08
S38815 . . . 0.030 2.00 0.040 0.020 5.50–6.50 13.0–15.0 15.0–17.0 . . . 0.75–1.50 Al 0.30;

Cu 0.75–1.50

Austenitic-Ferritic Grades
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TABLE 1 Continued

UNS
Designa-

tionA
Type

Composition, %B

Carbon
Man-

ganese
Phos-
phorus

Sulfur Silicon Chromium Nickel Nitrogen
Molyb-
denum

Other ElementsC

S31803 . . . 0.030 2.00 0.030 0.020 1.00 21.0–23.0 4.5–6.5 0.08–0.20 2.5–3.5 . . .
S32101 . . . 0.040 4.0–6.0 0.040 0.030 1.00 21.0–22.0 1.35–1.70 0.20–0.25 0.10–0.80 Cu 0.10–0.80
S32205 . . . 0.030 2.00 0.030 0.020 1.00 22.0–23.0 4.5–6.5 0.14–0.20 3.0–3.5 . . .
S32550 . . . 0.04 1.50 0.040 0.030 1.00 24.0–27.0 4.5–6.5 0.10–0.25 2.9–3.9 Cu 1.50–2.50
S32750 . . . 0.030 1.20 0.035 0.020 0.80 24.0–26.0 6.0–8.0 0.24–0.32 3.0–5.0 Cu 0.50
S32760G . . . 0.030 1.00 0.030 0.010 1.00 24.0–26.0 6.0–8.0 0.20–0.30 3.0–4.0 Cu 0.50–1.00;

W 0.50–1.00
S32906 . . . 0.030 0.80–1.50 0.030 0.030 0.50 28.0–30.0 5.8–7.5 0.30–0.40 1.50–2.60 Cu 0.80
S32950 . . . 0.03 2.00 0.035 0.010 0.60 26.0–29.0 3.5–5.2 0.15–0.35 1.00–2.50 . . .
S39277 . . . 0.025 0.80 0.025 0.002 0.80 24.0–26.0 6.5–8.0 0.23–0.33 3.0–4.0 Cu 1.20–2.00

W 0.80–1.20

Ferritic Grades

S40500 405 0.08 1.00 0.040 0.030 1.00 11.5–14.5 0.50 . . . . . . Al 0.10–0.30
S43000 430 0.12 1.00 0.040 0.030 1.00 16.0–18.0 . . . . . . . . . . . .
S43035 439 0.07 1.00 0.040 0.030 1.00 17.0–19.0 0.50 0.04 . . . Ti 0.20 + 4 3 (C+N)

–1.10; Al 0.15
S44400 444 0.025 1.00 0.040 0.030 1.00 17.5–19.5 1.00 0.035 1.75–2.50 (Ti+Cb) 0.20 + 4 3

(C+N)-0.80
S44627 XM-27 0.010H 0.40 0.020 0.020 0.40 25.0–27.5 0.50 0.015H 0.75–1.50 Cu 0.20;

Cb 0.05–0.20;
(Ni+Cu) 0.50

S44700 . . 0.010 0.30 0.025 0.020 0.20 28.0–30.0 0.15 0.020 3.5–4.2 (C+N) 0.025;
Cu 0.15

S44800 . . . 0.010 0.30 0.025 0.020 0.20 28.0–30.0 2.00–2.50 0.020 3.5–4.2 (C+N) 0.025;
Cu 0.15

Martensitic Grades

S40300 403 0.15 1.00 0.040 0.030 0.50 11.5–13.0 . . . . . . . . . . . .
S41000 410 0.15 1.00 0.040 0.030 1.00 11.5–13.5 . . . . . . . . . . . .
S41040 XM-30 0.18 1.00 0.040 0.030 1.00 11.5–13.5 . . . . . . . . . Cb 0.05–0.30
S41400 414 0.15 1.00 0.040 0.030 1.00 11.5–13.5 1.25–2.50 . . . . . . . . .
S41425 . . . 0.05 0.50–1.00 0.020 0.005 0.50 12.0–15.0 4.0–7.0 0.06–0.12 1.50–2.00 Cu 0.30
S41500 I 0.05 0.50–1.00 0.030 0.030 0.60 11.5–14.0 3.5–5.5 . . . 0.50–1.00 . . .
S43100 431 0.20 1.00 0.040 0.030 1.00 15.0–17.0 1.25–2.50 . . . . . . . . .

A New designations established in accordance with Practice E 527 and SAE J 1086 published jointly by ASTM and SAE. See ASTM DS–56C, available from ASTM
Headquarters.

B Maximum unless otherwise indicated.
C Except as required for specific alloy type, molybdenum, titanium, nickel, cobalt, tantalum, nitrogen, and copper need not be reported but shall not be present in other

than residual amounts, the intent being to prohibit substitution of one alloy type for another due to absence of control of the above named elements in certain alloys.
D American Welding Society designation.
E See Supplementary Requirement S1.
F Nitrogen content is to be reported for this grade.
G % Cr + 3.3 3 % Mo + 16 3 % N $ 40.
H Product analysis tolerance over the maximum limit for carbon and nitrogen to be 0.002 %.
I Wrought version of CA6NM.

4.4.2.1 Condition 1—1250°F [675°C] minimum, 1400°F
[760°C] maximum.

4.4.2.2 Condition 2—1100°F [595°C] minimum, 1400°F
[760°C] maximum.

4.4.2.3 Condition 3—1050°F [565°C] minimum, 1400°F
[760°C] maximum.

4.4.3 Types XM-30, 414, and 431 tempered materials shall
be held at 1100°F [595°C] minimum for at least 1 h/in. [25
mm] of cross section. Maximum tempering temperature shall
be 1400°F [760°C].

4.4.4 For S41425, heat to 1700°F [925°C] minimum and
hold for 1 h attemperature minimum. Air cool to below 90°F
[32°C] and temper at 1100°F [595°C] minimum of 1 h per inch
of cross-sectional thickness minimum.

4.4.5 For S41500 heat to 1750°F [955°C] minimum, air cool
to 200°F [95°C] or lower prior to any optional intermediate
temper and prior to the final temper. The final temper shall be
between 1050°F [565°C] and 1150°F [620°C].

4.4.6 When the purchaser elects to perform the hardening
and tempering heat treatment, martensitic materials shall be
supplied by the manufacturer in the annealed condition (see
4.4.1). In this case it shall be the purchaser’s responsibility to
apply the proper heat treatment and to conduct the tests he
deems necessary to assure that the required properties are
obtained.

5. General Requirements

5.1 In addition to the requirements of this specification, all
requirements of the current editions of Specification A 484/
A 484M shall apply. Failure to comply with the general
requirements of Specification A 484/A 484M constitutes non-
conformance with this specification.

6. Chemical Composition

6.1 Chemical composition shall be reported to the pur-
chaser, or his representative, and shall conform to the require-
ments specified in Table 1.
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6.2 When a product analysis is performed or requested by
the purchaser, the tolerance limits as described in Specification
A 484/A 484M apply unless Supplementary Requirement S3 is
invoked.

6.3 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

7. Grain Size for Austenitic Grades

7.1 All austenitic grades shall be tested for average grain
size by Test Methods E 112.

7.2 The H grades shall conform to an average grain size as
follows:

7.2.1 ASTM No. 6 or coarser for Types 304H, 309H, 310H,
and 316H,

7.2.2 ASTM No. 7 or coarser for Types 321H, 347H, and
348H.

7.3 For S32615, the grain size as determined in accordance
with Test Methods E 112, comparison method, Plate 11, shall
be No. 3 or finer.

7.4 Supplementary Requirement S1 shall be invoked when
non–H grade austenitic stainless steels are ordered for ASME
Code applications for service above 1000°F [540°C].

8. Mechanical Properties Requirements

8.1 The material shall conform to the mechanical property
requirements specified in Table 2 for the grade ordered. At least
one room-temperature test shall be performed by the manufac-
turer on a sample from at least one bar or shape from each lot
of material.

TABLE 2 Mechanical Property Requirements

UNS Designation Type Condition

Tensile
Strength,

min,
ksi [MPa]

Yield
Strength,A

min,
ksi [MPa]

Elongation
in 2 in.

[50 mm] or
4D, min, %

Reduction
of Area,

min, %B,C

Brinell
Hardness,

max

Austenitic Grades

N08367 . . . annealed 95 [655] 45 [310] 30 . . . 241
S20161 . . . annealed 125 [860] 50 [345] 40 40 311
S20910 XM-19 annealed 100 [690] 55 [380] 35 55 293

Up to 2 in. [50.8 mm], incl hot-rolled 135 [930] 105 [725] 20 50 . . .
Over 2 to 3 in. [50.8 to 76.2

mm], incl
hot-rolled 115 [795] 75 [515] 25 50 . . .

Over 3 to 8 in. [76.2 to 203.2
mm], incl

hot-rolled 100 [690] 60 [415] 30 50 . . .

Up to 11⁄2 in. [38.1 mm], incl strain-hardened 145 [1000] 125 [860] 12 40 . . .
Over 11⁄2 to 21⁄4 in. [38.1 to 57.2

mm], incl
strain-hardened 120 [825] 105 [725] 15 45 . . .

S21600, S21603 XM-17, XM-18 annealed 90 [620] 50 [345] 40 50 212
S21800 . . . annealed 95 [655] 50 [345] 35 55 241
S21904 XM-11 annealed 90 [620] 50 [345] 45 60 . . .
S24000 XM-29 annealed 100 [690] 55 [380] 30 50 . . .
S30200, S30400, S30409, S30453,

S30880, S30908, S30909, S30940,
S31008, S31009, S31040, S31600,
S31609, S31635, S31640, S31653,
S31700, S32100,S32109, S34700,

S34709,S34800, S34809

302, 304, 304H, 304LN, ER308,D

309S, 309H, 309Cb, 310S,
310H, 310Cb, 316, 316H,
316Ti, 316Cb, 316LN, 317,
321, 321H, 347, 347H,
348, 348H

annealed 75 [515]E 30 [205] 30 40 . . .

316 strain-hardened
level 1

85 [585] 65 [450]F 30 60 . . .

2 in. and under strain-hardened
level 2

95 [655] 75 [515] 25 40 . . .

Over 2 to 21⁄2 in. [50.8 to 63.5
mm], incl.

strain-hardened
level 2

90 [620] 65 [450] 30 40 . . .

Over 21⁄2 to 3 in. [63.5 to 76.2
mm], incl

strain-hardened
level 2

80 [550] 55 [380] 30 40 . . .

S30403, S31603 304L, 316L annealed 70 [485] 25 [170] 30 40 . . .
S30451, S31651 304N, 316N annealed 80 [550] 35 [240] 30 40 . . .
S30600 . . . annealed 78 [540] 35 [240] 40 . . . . . .
S30815 . . . annealed 87 [600] 45 [310] 40 50 . . .
S31254 . . . annealed 95 [655] 44 [305] 35 50 . . .
S31725 . . . annealed 75 [515] 30 [205] 40 . . . . . .
S31726 . . . annealed 80 [550] 35 [240] 40 . . . . . .
S32050 . . . annealed 98 [675] 48 [330] 40 . . . . . .
S32615 . . . annealed 80 [550] 32 [220] 25 40 . . .
S32654 . . . annealed 109 [750] 62 [430] 40 40 250
S33228 . . . annealed 73 [500] 27 [185] 30 . . . . . .
S34565 . . . annealed 115 [795] 60 [415] 35 40 230
S35315 . . . annealed 94 [650] 39 [270] 40 . . . . . .
S353815 . . . annealed 78 [540] 37 [255] 30 . . . . . .

Austenitic-Ferritic Grades

S31803 . . . annealed 90 [620] 65 [450] 25 . . . 290
S32101 . . . annealed 94 [650] 65 [450] 30 . . . 290
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TABLE 2 Continued

UNS Designation Type Condition

Tensile
Strength,

min,
ksi [MPa]

Yield
Strength,A

min,
ksi [MPa]

Elongation
in 2 in.

[50 mm] or
4D, min, %

Reduction
of Area,

min, %B,C

Brinell
Hardness,

max

S32205 . . . annealed 95 [655] 65 [450] 25 . . . 290
S32550 . . . annealed 110 [760] 80 [550] 15 . . . 297
S32750 2 in. and under annealed 116 [800]G 80 [550]G 15 . . . 310

over 2 in. annealed 110 [760] 75 [515] 15 . . . 310
S32760 . . . annealed 109 [750] 80 [550] 25 . . . 300
S32906 . . . annealed 109 [750] 80 [550] 25 . . . 310
S32950 . . . annealed 100 [690] 70 [485] 15 . . . 297
S39277 . . . annealed 118 [820] 85 [585] 25 50 293

Ferritic Grades

S40500 405 annealed 60 [415] 25 [170] 20 45 207
S43000, S43035 430, 439 annealed 70 [485] 40 [275] 20H 45H 192
S44627 XM-27 annealed 65 [450] 40 [275] 45H 217
S44401 . . . annealed 60 [415] 45 [310] 20I 45I 217
S44700 . . . annealed 70 [485] 55 [380] 20 40 . . .
S44800 . . . annealed 70 [485] 55 [380] 20 40 . . .

Martensitic Grades

S40300, S41000 403, 410 annealed 70 [485] 40 [275] 20E 45E 223
1 70 [485] 40 [275] 20E 45E 223
2 110 [760] 85 [585] 15 45 269
3 130 [895] 100 [690] 12 35 331

S41400 414 tempered 115 [795] 90 [620] 15 45 321
S41425 . . . tempered 120 [825] 95 [655] 15 45 321
S41500 . . . normalized and

tempered
115 [795] 90 [620] 15 45 293

S43100 431J annealed . . . . . . . . . . . . 277
tempered 115 [795] 90 [620] 15 45 321

S41040 XM-30 annealed 70 [485] 40 [275] 13H 45H 235
quenched and

tempered
125 [860] 100 [690] 13 45 302

A See Section 7.
B Reduction of area does not apply on flat bars 3⁄16 in. [4.80 mm] and under in thickness, as this determination is not generally made in this product size.
C The material shall be capable of meeting the required reduction of area where listed, but actual measurement and reporting of the reduction of area are not required

unless specified in the purchase order.
D American Welding Society designation.
E Tensile strength 70 ksi [485 MPa] min permitted for extruded shapes.
F For bars greater than 2 in. [51 mm], a cross section, 60 ksi [415 MPa] min, shall be permitted.
G For sections over 2 in. [50 mm] in thickness, the minimum tensile strength shall be 106 ksi [730 MPa]; the minimum yield strength shall be 75 ksi [515 MPa].
H Elongation in 2 in. or 50 mm of 12 % min and reduction of area of 35 % min permitted for cold-finished bars.
I Elongation in 2 in. of 12 % min and reduction of area of 35 % min permitted for cold-drawn or cold-rolled bars.
J Annealed bars shall be capable of meeting the tempered condition requirements when heat treated in accordance with 4.4.3.

8.2 The yield strength shall be determined by the offset
(0.2 %) method as prescribed in Test Methods and Definitions
A 370.

8.3 Martensitic material supplied in the annealed condition
shall be capable of meeting the hardened and tempered
mechanical properties when heat treated in accordance with the
requirements of 4.4.

8.4 Hardness measurements, when required, shall be made
at a location midway between the surface and the center of the
cross section.

8.5 Martensitic grades shall be capable of meeting the
hardness requirements after heat treating as specified in Table
3.

9. Corrosion Testing

9.1 Austenitic stainless steels solution annealed by the
alternative method (see(2) in 4.1.1) shall be tested and pass the
intergranular corrosion test requirements described in S2.

10. Certification

10.1 The material manufacturer’s certificate of compliance
certifying that the material was manufactured and tested in
accordance with this specification, together with a report of the
results required by this specification and the purchase order,
shall be furnished at the time of shipment. The certification
shall be positively relatable to the lot of material represented.

TABLE 3 Response To Heat Treatment

TypeA
Heat Treatment
TemperatureB

°F (°C), min
Quenchant

Hardness
HRC, min

403 1750 [955] Air 35
410 1750 [955] Air 35
414 1750 [955] Oil 42

A Samples for testing shall be in the form of a section not exceeding 3⁄8 in. [9.50
mm] in thickness.

B Temperature tolerance is 625°F [15°C].
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11. Product Marking

11.1 In addition to the marking requirements of Specifica-
tion A 484/A 484M, materials that have been heat treated in
accordance with 4.1, 4.2, 4.3, 4.4 or have been strain hardened
in accordance with 4.1.3 shall be identified by placement of the
following symbols after the grade designation:

11.1.1 Austenitic Grades:
11.1.1.1 All grades in the annealed condition—A,
11.1.1.2 Strain hardened Type 316, Level 1—S1,
11.1.1.3 Strain hardened Type 316, Level 2—S2,
11.1.1.4 Hot-rolled Type XM-19—H,
11.1.1.5 Strain hardened Type XM-19—S,
11.1.1.6 Material meeting Supplementary Requirement

S1—ELT (unnecessary for H grades).
11.1.1.7 In addition to all other marking requirements of this

specification, when S1 is invoked, all grades in the direct
quenched condition (heat treated in accordance with 4.1.1(2))
shall be marked “D”.

11.1.2 Austenitic-Ferritic Grades—All grades in the an-
nealed condition—A.

11.1.3 Ferritic Grades—All grades in the annealed
condition—A.

11.1.4 Martensitic Grades:
11.1.4.1 All grades in the annealed condition—A.
11.1.4.2 Types 403 and 410—COND 1, COND 2, or COND

3 as appropriate for the tempering temperature employed.
11.1.4.3 Type 414, S41500, and Type XM-30 tempered

materials—T.

12. Keywords

12.1 austenitic stainless steel; austenitic-ferritic duplex
stainless steel; ferritic stainless steel; martensitic stainless steel;
pressure-containing parts; pressure vessel service; stainless
steel bars; stainless steel shapes; temperature service
applications—high

SUPPLEMENTARY REQUIREMENTS

The following may be made requirements when the purchaser specifies them to be applicable.

S1. Materials for High-Temperature Service

S1.1 Unless an H grade has been ordered, this supplemen-
tary requirement shall be specified for ASME Code applica-
tions for service above 1000°F [540°C].

S1.2 The user is permitted to use an austenitic stainless steel
as the corresponding H grade when the material meets all
requirements of the H grade including chemistry, annealing
temperature, and grain size (see Section 7).

S1.3 The user is permitted to use an L grade austenitic
stainless steel for service above 1000°F [540°C], subject to the
applicable allowable stress table of the ASME Code, when the
material meets all requirements of this specification and the
grain size is ASTM No. 7 or coarser as determined in
accordance with Test Method E 112. The grain size shall be
reported on a Certified Test Report.

S2. Corrosion Tests

S2.1 Intergranular corrosion tests shall be performed by the
manufacturer on sensitized specimens of Types 304L, 316L,
321, 347, and 348, and for the other austenitic grades, on
specimens representative of the as-shipped condition. All
austenitic stainless steels shall be capable of passing inter-
granular corrosion tests in the as-shipped condition. Tests shall
be performed in accordance with Practice E of Practices A 262.

S3. Product Analysis

S3.1 An analysis shall be made by the manufacturer on a
sample from one bar in each lot as defined in Specification
A 484/A 484M. The analysis shall meet the requirements of
Table 1. In the event of failure, the lot represented shall be
rejected except that, at the option of the manufacturer, each bar
in the lot may be tested for acceptance. Product analysis
tolerance provisions do not apply.

S4. Material for High Cycle Fatigue Service

S4.1 The mechanical properties of bars furnished in lengths
under 20 ft [6 m] shall be determined by testing one end of
each bar. Bars furnished in lengths of 20 ft [6 m] and over shall
be tested at each end.

S5. Material for Optimum Resistance to Stress Corrosion
Cracking

S5.1 This supplementary requirement is to be referenced
when austenitic stainless steels are to be purchased in accor-
dance with 4.1.1 with solution-annealing as the final operation
and with no subsequent cold drawing permitted. Straightening
is permitted as a final operation to meet the straightness
requirements of Specification A 484/A 484M unless specifi-
cally prohibited by the purchaser.
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APPENDIX

(Nonmandatory Information)

X1. RATIONALE REGARDING DEFINITION OF SOLUTION ANNEALING IN 4.1.1

X1.1 It is generally recognized that austenitic stainless
steels are solution annealed by heating to a temperature that
dissolves (takes into solution) chromium carbides and quench-
ing rapidly so that the chromium carbides will not participate
in the grain boundaries, which could cause susceptibility to
intergranular corrosion in a critically corrosive environment.
Thus, solution annealing also can be accomplished for non-
stabilized grades by taking advantage of hot rolling tempera-
tures (which always exceed solution annealing temperature
requirements), maintaining hot rolling finishing temperatures
well above minimum solution annealing requirements, and
immediately quenching integral with hot rolling. Stabilized
grades (with columbium or titanium added) cannot be handled
this way, since they would become destabilized due to colum-
bium or titanium carbide solution, without subsequent reheat-
ing.

X1.2 For Boiler Code applications involving temperatures
at which optimum resistance to creep is desired, the larger

grain size of material solution annealed by reheating is
generally desired. For that reason, a minimum grain size has
been required of the H grades (created for optimum elevated
temperature properties), and a mandatory grain size test and
report has been added for the non–H grades so that the
information is available for those desiring to reclassify a
non–H grade to H grade.

X1.3 To satisfy the concerns of inadvertent assignment of
fine grained material to elevated temperature applications,
special marking has been added for material that meets the
requirements of Supplementary Requirement S1.

X1.4 A mandatory test for susceptibility to intergranular
corrosion has been added for material solution annealed by the
alternative method [see(2) in 4.1.1] so that a history of data
can be accumulated, as has been done in the past for material
solution annealed by reheating.

SUMMARY OF CHANGES

Committee A01.17 has identified the location of selected changes to this standard since the last issue,
A 479/A 479M – 03, that may impact the use of this standard. (Approved Feb. 1, 2004.)

(1) Added new Footnote C to Table 2.

Committee A01.17 has identified the location of selected changes to this standard since the last issue, A 479/A 479M – 02, that
may impact the use of this standard. (Approved April 10, 2003.)

(1) UNS S32101 added to Tables 1 and 2.
(2) Heat treatment added to Section 4.2.2, with subsequent
renumbering.

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: A 480/A 480M – 04

Standard Specification for
General Requirements for Flat-Rolled Stainless and Heat-
Resisting Steel Plate, Sheet, and Strip 1

This standard is issued under the fixed designation A 480/A 480M; 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 a group of general require-
ments that, unless otherwise specified in the purchase order or
in an individual specification, shall apply to rolled steel plate,
sheet, and strip, under each of the following specifications
issued by ASTM: Specifications A 167, A 176, A 240/A 240M,
A 263, A 264, A 265, A 666, A 693, A 793, and A 895.

1.2 In the case of conflict between a requirement of a
product specification and a requirement of this specification,
the product specification shall prevail. In the case of conflict
between a requirement of the product specification or a
requirement of this specification and a more stringent require-
ment of the purchase order, the purchase order shall prevail.
The purchase order requirements shall not take precedence if
they, in any way, violate the requirements of the product
specification or this specification; for example, by waiving a
test requirement or by making a test requirement less stringent.

1.3 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, except that when A 480M is
specified, Annex A3 shall apply for the dimensional tolerances
and not the bracketed SI values in Annex A2. The values stated
in each system are not exact equivalents; therefore, each
system must be used independently of the other. Combining
values from the two systems may result in nonconformance
with the specification.

1.4 This specification and the applicable material specifica-
tions are expressed in both inch-pound and SI units. However,
unless the order specifies the applicable “M” specification
designation [SI units], the material shall be furnished in
inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:3

A 167 Specification for Stainless and Heat-Resisting
Chromium-Nickel Steel Plate, Sheet, and Strip

A 176 Specification for Stainless and Heat-Resisting Chro-
mium Steel Plate, Sheet, and Strip

A 240/A 240M Specification for Chromium and
Chromium-Nickel Stainless Steel Plate, Sheet, and Strip
for Pressure Vessels and for General Applications

A 262 Practices for Detecting Susceptibility to Intergranu-
lar Attack in Austenitic Stainless Steels

A 263 Specification for Stainless Chromium Steel-Clad
Plate

A 264 Specification for Stainless Chromium-Nickel Steel-
Clad Plate

A 265 Specification for Nickel and Nickel-Base Alloy-Clad
Steel Plate

A 342/A 342M Test Methods for Permeability of Feebly
Magnetic Materials

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 666 Specification for Annealed or Cold-Worked Austen-
itic Stainless Steel Sheet, Strip, Plate, and Flat Bar

A 693 Specification for Precipitation-Hardening Stainless
and Heat-Resisting Steel Plate, Sheet, and Strip

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products

A 763 Practices for Detecting Susceptibility to Intergranu-
lar Attack in Ferritic Stainless Steels3

A 793 Specification for Rolled Floor Plate, Stainless Steel
A 895 Specification for Free-Machining Stainless Steel

Plate, Sheet, and Strip1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat-Rolled and Wrought Stainless Steel.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1962. Last previous edition approved in 2003 as A 480/A 480M – 03c.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SA – 480 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.

1

*A Summary of Changes section appears at the end of this standard.
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A 923 Test Methods for Detecting Detrimental Intermetallic
Phase in Wrought Duplex Austenitic/Ferritic Stainless
Steels

E 112 Test Methods for Determining the Average Grain
Size

E 140 Hardness Conversion Tables for Metals Relationship
Among Brinell Hardness, Vickers Hardness, Rockwell
Hardness, Superficial Hardness, Knoop Hardness, and
Scleroscope Hardness

2.2 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)4

2.3 Military Standards:
MIL-STD-129 Marking for Shipment and Storage4

MIL-STD-163 Steel Mill Products, Preparation for Ship-
ment and Storage4

2.4 AIAG Standard:
B-5 Primary Metals Identification Tag Application Stan-

dard5

2.5 ANSI Standard:
Accredited Standards Committee X 12, (ANSI ASC X12)6

3. Terminology

3.1 Definitions:
3.1.1 Plate, sheet, strip, and cold work as used in this

specification apply to the following:
3.1.2 plate—material3⁄16 in. [5.00 mm] and over in thick-

ness and over 10 in. [250 mm] in width. Finishes forplateare
actually shown in Section 13.

3.1.3 sheet—material under3⁄16 in. [5.00 mm] in thickness
and 24 in. [600 mm] and over in width. Finishes forsheetare
actually shown in Section 11.

3.1.4 strip—cold-rolled material under3⁄16 in. [5.00 mm] in
thickness and under 24 in. [600 mm] in width. Finishes are
detailed in Section 12 forstrip, and strip edges in Section 14
for Cold-Rolled Strip.

3.1.5 cold work—the changing of mechanical properties by
work hardening.

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 and number of pieces),
4.1.2 Name of material (stainless steel),
4.1.3 Condition (hot-rolled, cold-rolled, annealed, heat-

treated),
4.1.4 Finish (see Section 11 for Sheet, Section 12 for Strip,

and Section 13 for Plates). In the case of polished finishes,
specify whether one or both sides are to be polished,

4.1.5 Temper (if the applicable material specification re-
quires this detail),

4.1.6 Form (plate, sheet, or strip),
4.1.7 Dimensions (thickness, width, length),
4.1.7.1 Thickness shall be ordered to decimal or fractional

thickness. The use of the gage number is discouraged as being
an archaic term of limited usefulness not having general
agreement on meaning. The gage number shall not be a basis
for rejection.

4.1.7.2 Thickness, width, and length, when applicable,
should be ordered in the same units, for example, 0.060 in. by
48 in. by 120 in. [1.52 mm by 1219 mm by 3048 mm].

4.1.8 Edge, strip only (see Section 14 for Cold-Rolled
Strip),

4.1.9 Type or UNS designation, refer to the applicable
material specification,

4.1.10 Specification designation and date of issue,
4.1.11 Additions to specification or special requirements,
4.1.12 Restrictions (if desired) on methods for determining

yield strength (see appropriate footnote to mechanical proper-
ties table of the basic material specification),

4.1.13 Marking requirements (see Section 25),
4.1.14 Preparation for delivery (see Section 25), and
4.1.15 Magnetic permeability test (when required). Refer to

Section 19.

NOTE 1—A typical ordering description is as follows: 200 pieces,
stainless steel sheets, 0.060 in. by 48 in. by 120 in., Type 410 No. 2B
finish, ASTM A 176-XX.

5. Process

5.1 The steel shall be manufactured/produced by the follow-
ing or as specified in the applicable material specification.

5.1.1 The steel shall be made by one of the following
processes: electric-arc, electric-induction, or other suitable
processes.

5.1.2 If a specific type of melting is required by the
purchaser, it shall be so specified on the purchase order.

6. Heat Analysis

6.1 An analysis of each heat shall be made by the steel
producer to determine the percentages of the elements specified
in the applicable material specification. This analysis shall be
made from a test sample taken during the pouring of the melt,
or from the in-process product later in the manufacturing flow.
The chemical composition thus determined shall conform to
the applicable material specification.

6.2 Methods and practices relating to chemical analysis
shall be in accordance with Test Methods, Practices, and
Terminology A 751.

6.3 The steel shall not contain an unspecified element for
the ordered grade to the extent that the steel conforms to the
requirements of another grade for which that element is a
specified element having a required minimum content. For this
requirement, a grade is defined as an alloy described individu-
ally and identified by its own UNS designation in a table of
chemical requirements within this specification or any specifi-
cation listed within the scope as being covered by the specifi-
cation.

6.4 The producer is not permitted to certify that material is
in compliance with an ASTM product specification when the
purchase order has required that the material contain as a

4 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

5 Available from the Automotive Industry Action Group, 26200 Lahser, Suite
200, Southfield, MI 48034.

6 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.
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minimum or range an element that is neither a specified
element nor an intentionally added unspecified element for the
ordered grade in accordance with the definitions of Test
Methods, Practices, and Terminology A 751.

7. Product Analysis

7.1 The purchaser is permitted to perform a product analysis
(formerly check analysis) to verify the identity of the finished
material representing each heat or lot. Such analysis shall be
made by any of the commonly accepted methods that will
positively identify the material.

7.2 The chemical composition determined in accordance
with 7.1 shall conform to the limits of the material specification
within the tolerances of Table A1.1, unless otherwise specified
in the applicable material specification or the purchase order.
The allowable variation of a particular element in a single
sample for product analysis is permitted to be either above or
below the specified range. However, percentages must exhibit
the same tendencies in all samples; that is, the several
determinations of any individual element in a heat shall not
vary both above and below the specified range.

8. Material Test Report and Certification

8.1 A report of the results of all tests required by the product
specification shall be supplied to the purchaser. This material
test report shall reference the product specification designation
and year date indicating that the material was manufactured,
sampled, tested, and inspected in accordance with requirements
of the product specification and has been found to meet those
requirements. The material test report shall report the melting
process when the purchase order requires either a specific type
of melting or requires that the melting process used is to be
reported.

8.1.1 The report shall indicate the type of steel. If certifying
that the material conforms to the requirements for more than
one type of steel, the manufacturer may indicate each type of
steel on the report, or may issue a separate report for each type
of steel.

8.2 A signature is not required on the report. However, the
document shall clearly identify the organization submitting the
report. Not withstanding the absence of a signature, the
organization submitting the document is responsible for its
content.

8.3 A material test report, certificate of inspection, or similar
document printed from or used in electronic form from an
electronic data interchange (EDI) transmission shall be re-
garded as having the same validity as a counterpart printed in
the certifiers’ facility. The content of the EDI transmitted
document must meet the requirements of the invoked ASTM
standard(s) and conform to any existing EDI agreement be-
tween the purchaser and the supplier. Notwithstanding the
absence of a signature, the organization submitting the EDI
transmission is responsible for the content of the report.

8.4 When finished material is supplied to a purchase order
specifying the product specification, the organization supply-
ing that material shall provide the purchaser with a copy of the
original manufacturer’s test report.

NOTE 2—Notwithstanding the absence of a signature, the organization

submitting the report is responsible for the content of the report.
NOTE 3—The industry definition as invoked here is: EDI is the

computer-to-computer exchange of business information in a standard
format such as ANSI ASC X 12.

8.4.1 When the original manufacturer’s test report was
provided by EDI to the organization supplying the finished
material to the purchaser, the organization supplying the
finished material shall provide to the purchaser a printed form
of the original test report or shall retransmit the test report by
EDI to the purchaser. In either case, the test report shall be
complete with the full identification of the original manufac-
turer and with all data provided on the test report of the original
manufacturer.

9. Permitted Variations in Dimensions and Weight

9.1 Sheet, strip, and plate shall conform to the permitted
variations in thickness, width, length and flatness, and other
properties when specified, as listed in Annex A2 and Annex A3
for A 480 and A 480M respectively, for the ordered product
form, or as agreed upon by seller and user and specified in the
purchase order.

10. Workmanship

10.1 The material shall be of uniform quality consistent
with good manufacturing and inspection practices. The steel
shall have no imperfections of a nature or degree, for the type
and quality ordered, that will adversely affect the stamping,
forming, machining, or fabrication of finished parts.

10.2 Sheet, Strip, and Plate—For sheet, and strip with No.
1 finish and plate with hot-roll anneal or hot-roll anneal and
pickle finish it is permitted to grind to remove surface
imperfections, provided such grinding does not reduce the
thickness or width at any point beyond the permissible varia-
tions in dimensions. An iron free abrasive wheel shall be used
for such grinding and shall be operated at a speed ample to
ensure that defective areas are cleanly cut out.

11. Finish for Sheet

11.1 The types of finish available on sheet products are:
11.1.1 No. 1 Finish—Hot-rolled, annealed, and descaled.
11.1.2 No. 2D Finish—Cold-rolled, dull finish.
11.1.3 No. 2B Finish—Cold-rolled, bright finish.
11.1.3.1Bright Annealed Finish—A bright cold-rolled fin-

ish retained by final annealing in a controlled atmosphere
furnace.

11.1.4 No. 3 Finish—Intermediate polished finish, one or
both sides.

11.1.5 No. 4 Finish—General purpose polished finish, one
or both sides.

11.1.6 No. 6 Finish—Dull satin finish, Tampico brushed,
one or both sides.

11.1.7 No. 7 Finish—High luster finish.
11.1.8 No. 8 Finish—Mirror finish.
11.1.9 TR Finish—Cold-worked to obtain specified proper-

ties.

NOTE 4—Explanation of Sheet Finishes:
No. 1—Commonly referred to as hot-rolled annealed and pickled or

descaled. This is a dull, nonreflective finish.
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No. 2D—A smooth, nonreflective cold-rolled annealed and pickled or
descaled finish. This nondirectional finish is favorable for retention of
lubricants in deep drawing applications.

No. 2B—A smooth, moderately reflective cold-rolled annealed and
pickled or descaled finish typically produced by imparting a final light
cold-rolled pass using polished rolls. This general-purpose finish is more
readily polished than No. 1 or 2D finishes. Product with 2B finish is
normally supplied in the annealed plus lightly cold-rolled condition unless
a tensile-rolled product is specified.

Bright Annealed Finish—A smooth, bright, reflective finish typically
produced by cold rolling followed by annealing in a protective atmosphere
so as to prevent oxidation and scaling during annealing.

No. 3—A linearly textured finish that may be produced by either
mechanical polishing or rolling. Average surface roughness (Ra) may
generally be up to 40 micro-inches. A skilled operator can generally blend
this finish. Surface roughness measurements differ with different instru-
ments, laboratories, and operators. There may also be overlap in measure-
ments of surface roughness for both No. 3 and No. 4 finishes.

No. 4—A linearly textured finish that may be produced by either
mechanical polishing or rolling. Average surface roughness (Ra) may
generally be up to 25 micro-inches. A skilled operator can generally blend
this finish. Surface roughness measurements differ with different instru-
ments, laboratories, and operators. There may also be overlap in measure-
ments of surface roughness for both No. 3 and No. 4 finishes.

No. 6—This finish has a soft, satin appearance typically produced by
tampico brushing a No. 4 finish.

No. 7—Has a high degree of reflectivity. It is produced by buffing a
finely ground surface, but the grit lines are not removed. It is chiefly used
for architectural or ornamental purposes.

No. 8—This is a highly reflective, smooth finish typically produced by
polishing with successively finer grit abrasives, then buffing. Typically,
very faint buff of polish lines may still be visible on the final product.
Blending after part assembly may be done with buffing.

TR Finish—The finish resulting from the cold-rolling of an annealed
and descaled or bright annealed product to obtain mechanical properties
higher than that of the annealed condition. Appearance will vary depend-
ing upon the starting finish, amount of cold work, and the alloy.

Architectural Finishes—Sometimes described as a No. 5 finish, these
are a separate category and may be negotiated between buyer and seller,
as there are many techniques and finish variations available throughout the
world.

11.1.10 Architectural finish, No. 5, or other proprietary
names are special finishes.

11.1.11 Note 4 is not meant to be restrictive or to be used as
a basis for rejection but is intended to give general guidelines.
Various production methods may be used to obtain these
finishes.

11.1.12 Sheets can be produced with one or two sides
polished. When polished on one side only, it is permitted to
rough grind the other side in order to obtain the necessary
flatness.

12. Finish for Strip

12.1 The various types of finish procurable on cold-rolled
strip products are:

12.1.1 No. 1 Finish—Cold-rolled to specified thickness,
annealed, and descaled.

12.1.2 No. 2 Finish—Same as No. 1 Finish, followed by a
final light cold-roll pass, generally on highly polished rolls.

12.1.3 Bright Annealed Finish—A bright cold-rolled finish
retained by final annealing in a controlled atmosphere furnace.

12.1.4 TR Finish—Cold-worked to obtain specified proper-
ties.

12.1.5 Polished Finish—Stainless steel strip is also avail-
able in polished finishes such as No. 3 and No. 4, which are
explained in Note 4.

NOTE 5—Explanation of Strip Finishes:
No. 1—Appearance of this finish varies from dull gray matte finish to

a fairly reflective surface, depending largely upon composition. This finish
is used for severely drawn or formed parts, as well as for applications
where the brighter No. 2 Finish is not required, such as parts for heat
resistance.

No. 2—This finish has a smoother and more reflective surface, the
appearance of which varies with composition. This is a general purpose
finish, widely used for household and automotive trim, tableware, utensils,
trays, etc.

Bright Annealed Finish—See Note 4.
TR Finish—See Note 4.

13. Finish for Plates

13.1 The types of finish available on plates are:
13.1.1 Hot-Rolled or Cold-Rolled, and Annealed or Heat

Treated—Scale not removed, an intermediate finish. Use of
plates in this condition is generally confined to heat-resisting
applications. Scale impairs corrosion resistance.

13.1.2 Hot-Rolled or Cold-Rolled, and Annealed or Heat
Treated, and Blast Cleaned or Pickled—Condition and finish
commonly preferred for corrosion-resisting and most heat-
resisting applications, essentially a No. 1 Finish.

13.1.3 Hot-Rolled or Cold-Rolled, and Annealed or Heat
Treated, and Surface Cleaned and Polished—Polish finish is
generally No. 4 Finish.

13.1.4 Hot-Rolled or Cold-Rolled, and Annealed or Heat
Treated, and Descaled, and Temper Passed—Smoother finish
for specialized applications.

13.1.5 Hot-Rolled or Cold-Rolled, and Annealed or Heat
Treated, and Descaled; and Cold-Rolled, and Annealed or
Heat Treated, and Descaled, and Optionally Temper Passed—
Smooth finish with greater freedom from surface imperfections
than in 13.1.4.

14. Edges for Cold-Rolled Strip

14.1 The types of edges available on strip products are:
14.1.1 No. 1 Edge—A rolled edge, either round or square as

specified.
14.1.2 No. 3 Edge—An edge produced by slitting.
14.1.3 No. 5 Edge—An approximately square edge pro-

duced by rolling or filing after slitting.

15. Heat Treatment

15.1 The heat treatments shown in this section are to be
followed unless otherwise specified in the applicable material
specification. Heat treatment thermal cycles shall be separate
from other thermal processing cycles; for example, in-process
thermal cycles are not permitted as a substitute for the separate
annealing cycle.

15.2 Austenitic Types:
15.2.1 The material shall be solution annealed to meet the

mechanical property requirements of the applicable material
specification unless otherwise stated in the material specifica-
tion.

15.2.2 Except as indicated in Table A1.2, Series 300,
XM-15, N08800, S30415, S30815, S31725, S31726, and
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S32615 austenitic chromium-nickel steels, when specified on
the purchase order, shall be capable of meeting the test for
resistance to intergranular corrosion specified in 18.2.

15.2.3 For grades stabilized with titanium or columbium,
refer to Note 6.

NOTE 6—Solution-annealing temperatures above 1950°F [1066°C] can
impair the resistance to intergranular corrosion after subsequent exposure
to sensitizing conditions in the stabilized grades, Types 309Cb, 309HCb,
310Cb, 310HCb, 316Ti, 316Cb, 321, 321H, 347, 347H, 348, 348H, and
S35135. When intergranular corrosion is of concern, the purchaser should
specify the corrosion test of 18.2 (to be conducted on sensitized speci-
mens). The manufacturer is permitted, if necessary, use a lower tempera-
ture resolution anneal or a stabilization anneal after a high temperature
solution anneal in order to meet corrosion test requirements. Consider-
ation should be given to the corrosive media before using a stabilization
anneal at less than 1800°F [982°C], as such treatment is not equally
effective for all media.

15.2.4 For the stabilized H types, it is noted that the heat
treatment requirements shown in Table A1.2 differ as a
function of whether the material was cold worked or hot
finished.

15.2.5 The chromium-manganese-nickel types (201, 202,
S20103, S20400, S20153, S21800, XM-17, XM-18, XM-19,
XM-29, and XM-31) shall be solution annealed to meet the
mechanical property requirements of the applicable material
specification and, to exhibit adequate resistance to intergranu-
lar corrosion (see 18.2). For S20161, the heat treatment is
specified in Table A1.2.

15.2.5.1 Note that some of these types contain high carbon
content that can adversely affect resistance to intergranular
corrosion.

15.3 Duplex Types—The duplex types shall be solution
annealed in accordance with Table A1.2.

15.4 Martensitic and Ferritic Types:
15.4.1 The chromium steels (S32803, 400 Series, S40945,

S41045, S41050, S41500, S43932, S44400, S44635, S44660,
S44700, S44735, S44800, XM-27, and XM-33) shall be heat
treated in such a manner as to satisfy all the requirements for
mechanical and bending properties specified in the applicable
material specification and (except for 400 Series, S41050, and
S41500) to provide for adequate resistance to intergranular
attack.

15.4.2 For S41500, heat to 1750°F [955°C] minimum, air
cool to 200°F [93°C] or lower prior to any optional interme-
diate temper and prior to final temper. The final temper shall be
between 1050°F [566°C] and 1150°F [621°C].

16. Number of Tests

16.1 Unless otherwise specified by the applicable material
specification or by agreement between the seller and the
purchaser to perform a greater number of tests, the following
number of tests are to be performed.

16.1.1 In the case of plate, sheet, and strip produced in coil
form, two or more hardness tests (one from each end of the
coil); one bend test, when required; one permeability test, when
required; and one or more tension tests shall be made on
specimens taken from each coil. If the hardness difference
between the two ends of the coil exceeds 5 HRB, or equivalent,

or if the material is temper rolled, tensile properties must be
determined on both coil ends.

16.1.2 In the case of plate, sheet, or strip produced in cut
lengths, one tension test; two tension tests if the material is
temper rolled (one tension test for single piece lots); one bend
test when required, and one or more hardness tests shall be
made on each 100 or less pieces of the same heat and nominal
thickness rolled separately or continuously and heat treated
within the same operating period, either as a lot or continu-
ously.

NOTE 7—The term continuously, as applied to heat treatment, is meant
to describe a heat-treating operation in which one cut length follows
another through the furnace. Interspersement of different melts is permis-
sible if they are of approximately the same nominal thickness and are heat
treated in the same operating period and under the same conditions (time
and temperature).

16.1.3 One intergranular corrosion test, when required, shall
be selected from each heat and thickness subjected to the same
heat treatment practice. It is permitted to obtain such speci-
mens from specimens selected for mechanical testing.

17. Test Specimens

17.1 Tension Test:
17.1.1 Tension test specimens shall be taken from finished

material and shall be selected in either or both longitudinal and
transverse direction. The tension test specimen shall conform
to the appropriate sections of Test Methods and Definitions
A 370, unless otherwise specified in the applicable material
specification or agreed upon by the seller and the purchaser.

17.1.2 The testing speed between the yield strength and the
fracture of the specimen, shall be conducted at a constant strain
rate between1⁄8 in. [3.18 mm] and 1⁄2 in. [12.70 mm]
inclusive, per inch [25.40 mm] of gage length per minute, or at
a crosshead speed that will give a strain rate within this range.
For the purposes of this specification, the rate of strain shall be
determined by a strain-rate pacer, indicator, or controller, or by
dividing the unit elongation by the elapsed time from yield
strength to fracture.

17.2 Hardness Test—It is permitted to perform hardness
tests on the grip ends of the tension specimens before they are
subjected to the tension test.

17.3 Bend Test:
17.3.1 Bend test specimens (when required) shall be taken

from finished material and shall be selected in the transverse
direction or as indicated in the applicable material specification
or as agreed upon by the seller and the purchaser. In the case
of transverse bend test specimens, the axis of bend shall be
parallel to the direction of rolling.

17.3.2 Bend test specimens from sheet and strip product
shall be the full thickness of the material and approximately 1
in. [25.4 mm] in width. It is permitted to round the edges of the
test specimen to a radius equal to one half the specimen
thickness.

17.3.3 The width of strip for which bend tests can be made
is subject to practical limitations on the length of the bend test
specimen. For narrow strip, the following widths can be tested:
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Strip thickness, in. [mm]

Minimum Strip Width and Mini-
mum Specimen Length for Bend

Tests, in. [mm]

0.100 [2.5] and under 1⁄2 [12.7]
Over 0.100 [2.5] to

0.140 [3.5], excl. 1 [25.4]
0.140 [3.5] and over 11⁄2 [38.1]

Bend test specimens shall be of any suitable length over the
specified minimum length.

17.3.4 Bend test specimens taken from plates shall be in full
thickness of the material up to and including1⁄2 in. [12.7 mm]
in thickness, of suitable length, and between 1 and 2 in [25.4
and 50.8 mm] in width. It is permitted to remove the sheared
edges to a depth of at least1⁄8 in. [3.2 mm] and it is permitted
to smooth the sides with a file. It is permitted to break the
corners of the cross section of the specimen with a file, but no
appreciable rounding of the corners is permitted.

17.3.5 In the case of plates over1⁄2 in. [12.7 mm] in
thickness, it is permitted to use bend test specimens, machined
to 1 in. [25.4 mm] nominal width by1⁄2 in. [12.7 mm] nominal
thickness and at least 6 in. [152.4 mm] in length. One surface,
to be the outside surface in bending, shall be the original
surface of the plate; however, surface preparation by light
grinding is permitted. It is permitted to round the edges to a1⁄16

in. [1.6 mm] radius. When agreed by the seller and the
purchaser, it is permitted to modify the cross section to1⁄2 in.
[12.7 mm] nominal square.

17.3.6 In the case of plates over 1 in. [25.4 mm] in
thickness, bend tests must be agreed upon between the seller
and the purchaser.

17.3.7 The bend test specimen shall withstand cold bending
through the angle specified in the applicable material specifi-
cation without cracking on the outside of the bent portion.

17.4 The bend shall be made over a diameter equal to the
number of thicknesses of flat stock shown in the applicable
material specification or over a single piece of flat stock equal
to the number of thicknesses shown in the applicable material
specification; or as follows:

17.4.1 Material up to and including3⁄8 in. [9.5 mm] in
thickness shall be bent over a piece (or pieces) of flat stock that
has the same nominal thickness of the material being tested
(1T), allowing the test material to form its natural curvature.

17.4.2 Material over3⁄8 in. [9.5 mm] and up to and
including 1 in [25.4 mm] in thickness shall be bent over a piece
(or pieces) of flat stock equalling two times the thickness of the
material being tested (2T), allowing the test material to form its
natural curvature.

18. Special Tests

18.1 If other tests are required, the methods and acceptance
criteria shall be agreed upon between the seller and the
purchaser and specified on the purchase order.

18.2 Resistance to Intergranular Corrosion:
18.2.1 The intergranular corrosion test, Practice E of Prac-

tices A 262, is not required unless it is specified on the
purchase order. All austenitic chromium-nickel types except
the H types are expected to be capable of passing this test.
However, it is not necessary to actually run the test unless it is
specified on the purchase order. Note that Practices A 262

requires the test to be performed on sensitized specimens in the
low-carbon and stabilized types and on specimens representa-
tive of the as-shipped condition for other types. In the case of
low-carbon types containing 3 % or more molybdenum in their
specified composition, the applicability of the sensitizing
treatment prior to testing shall be a matter for negotiation
between the seller and the purchaser. When specified, all flat
rolled products of the chromium-nickel series (300 series) in
thickness up to and including 2 in. [50.8 mm] nominal size
shall be capable of passing the intergranular corrosion test in
the as shipped condition. In the case of heavier plates of types
other than 304L, 304LN, 309Cb, 310Cb, 316Cb, 316L, 316LN,
316Ti, 317L, 321, 347, 348, S31725, and S31726, the appli-
cability of this test shall be a matter for negotiation between the
seller and the purchaser.

18.2.2 The H types are not normally subject to intergranular
corrosion tests. However, it is permitted to specify Practice E
of Practices A 262 for Type 321H when intergranular corrosion
is of concern. In this case, the purchaser shall inform the seller
and agree upon the requirements and these requirements shall
be so stated on the purchase order.

18.2.3 Austenitic chromium-manganese-nickel types (201,
202, XM-17, XM-18, XM-19, XM-29, XM-31, S20400, and
S21800) are to be heat treated for intergranular corrosion
resistance. When intergranular corrosion tests are required,
they shall be as agreed upon between the seller and the
purchaser.

18.2.4 N08800 shall be heat treated for intergranular corro-
sion resistance. When intergranular corrosion tests are re-
quired, they shall be as agreed upon between the seller and
purchaser.

18.2.5 Corrosion tests are not normally required for the 400
series types. Lower-carbon corrosion-resistant types (S44400,
S44635, S44660, S44700, S44800, S44735, XM-27, and XM-
33) are heat treated for resistance to corrosion. For S44400,
S44635, S44660, S44700, S44800, S44735, XM-27, and XM-
33, intergranular corrosion testing of Practices A 763, Practice
X, Y, or Z shall be specified as agreed upon between the seller
and the purchaser.

18.3 Detrimental Intermetallic Phases in Duplex Stainless
Steels—The tests for detrimental intermetallic phases in
wrought duplex stainless steels, Methods A, B, or C of Test
Methods A 923, are not required unless it is specified on the
purchase order. All duplex (austenitic-ferritic) types that are
listed in Test Methods A 923 are expected to be capable of
passing these tests. However, it is not necessary to actually run
the tests unless specified on the purchase order. The applica-
bility of these tests to duplex stainless steels not listed in Test
Methods A 923 shall be a matter for negotiation between the
seller and the purchaser.

19. Test Methods

19.1 The properties enumerated in applicable specifications
shall be determined in accordance with the following ASTM
standards.

19.1.1 Tension Tests—Test Methods and Definitions A 370.
19.1.2 Brinell Tests—Test Methods and Definitions A 370.
19.1.3 Rockwell Hardness—Test Methods and Definitions

A 370.
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19.1.4 Hardness Equivalents—Tables E 140.
19.1.5 Intergranular Corrosion (when specified)—

Practices A 262, Practices A 763.
19.1.6 Permeability Test(when required)—Test Methods

A 342.
19.1.7 Charpy Impact Testing (when required)—Test Meth-

ods and Definitions A 370.
19.1.8 Intermetallic Phases (when specified)—Test Meth-

ods A 923.

20. Retests and Retreatment

20.1 Retests are permitted in accordance with the provisions
of Test Methods and Definitions A 370.

20.2 If any test specimen shows defective machining or
develops flaws, it is permitted to discard the flawed specimen
and substitute another specimen.

20.2.1 If the percentage of elongation of any tension speci-
men is less than that specified and any part of the fracture is
more than3⁄4 in. [19.1 mm] from the center of the gage length
of the 2 in. [50.8 mm] specimen or is outside the middle half
of the gage length of an 8-in. [203.2-mm] specimen, as
indicated by scribe marks placed on the specimen before
testing, a retest shall be allowed.

20.3 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.

20.4 If the results of any test lot are not in conformance with
the requirements of the applicable material specification, the
producer is permitted the option of retreating such lots. The
material shall be accepted if the results of retests on retreated
material are within the specified requirements.

20.5 If any specimens selected to represent any heat fail to
meet any of the test requirements as specified in the applicable
material specification, it is permitted to reheat treat the material
represented and resubmit it for testing.

20.6 If the product analysis fails to conform to the specified
limits, analysis shall be made on a new sample. The results of
this retest shall be within the specified requirements.

21. Repair of Plate by Welding

21.1 Repair of surface defects of plate, by welding, is
permitted unless prohibited by other specifications or purchase
order requirements.

21.2 Defect depth shall not exceed1⁄3 of the nominal
thickness, and the total area shall not exceed 1 % of the plate
surface area, unless prior approval from the purchaser is
obtained.

21.3 Unacceptable imperfections shall be suitably prepared
for welding by grinding or machining. Open clean defects,
such as pits or impressions, will not necessarily require
preparation.

21.4 The welding procedure and the welders or welding
operators shall be qualified in accordance with Section IX of
the ASME Code.2

21.5 The welding consumables shall be suitable with the
plate.

21.6 After repair welding, the welded area shall be ground
smooth and blended uniformly to the surrounding surface.

22. Inspection

22.1 Inspection of the material by the purchaser’s represen-
tative at the producing plant shall be made as agreed upon
between the purchaser and the seller as part of the purchase
order.

22.2 Unless otherwise specified in the contract or purchase
order: (1) the seller is responsible for the performance of all the
inspection and test requirements in this specification, (2) the
seller is permitted to use own or other suitable facilities for the
performance of the inspection and testing, and (3) the pur-
chaser shall have the right to perform any of the inspection and
tests set forth in this specification. The manufacturer shall
afford the purchaser’s inspector all reasonable facilities neces-
sary to satisfy the inspector that the material is being furnished
in accordance with the specification. Inspection by the pur-
chaser shall not interfere unnecessarily with the manufacturer.

23. Rejection

23.1 Unless otherwise specified, any rejection based on tests
made in accordance with this specification shall be reported to
the seller within 60 working days from the receipt of the
material by the purchaser.

23.2 Material that shows injurious imperfections as de-
scribed in Section 10 subsequent to its acceptance at the
purchaser’s works will be rejected and the seller shall be
notified.

24. Rehearing

24.1 Samples tested in accordance with this specification
that represent rejected material shall be retained for three
weeks from the date of the notification to the seller of the
rejection. In case of dissatisfaction with the results of the test,
the seller is permitted to make claim for a rehearing within that
time.

25. Packaging, Marking, and Loading

25.1 For Commercial Procurement:
25.1.1 Marking—Unless otherwise specified in the appli-

cable material specification or the purchase order, marking
shall be conducted as follows:

25.1.1.1 Sheet, strip, and plate shall be marked on one face,
in the location indicated below with the specification designa-
tion number, type of steel (type or UNS designation), material
identification number, and the name or mark of the manufac-
turer. For sheet, strip, and plate whose length and width
dimensions are both less than 24 in., each piece shall be
marked with the type of steel and material identification
number. The specification and designation number, and name
or mark of the manufacturer shall be marked on the piece(s) or
attached to the item or bundle. The characters shall be of such
size as to be clearly legible. The marking shall be sufficiently
stable to withstand normal handling. Unless otherwise speci-
fied by the purchaser, the marking, at the producers option, is
permitted to be done with(a) marking fluid (if a specific
maximum impurity limit of designated elements in the marking
fluid is required by the purchaser, it shall be so stated on the
purchase order),(b) low-stress blunt-nosed continuous or
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low-stress blunt-nosed-interrupted-dot die stamp,(c) a vibra-
tory tool with a minimum tip radius of 0.005 in. [0.1 mm], or
(d) electrochemical etching.

25.1.1.2 Flat sheet, strip in cut lengths, and plate shall be
marked in two places near the ends or shall be continuously
line marked along one edge. For flat sheet, strip in cut lengths,
and plate whose length and width dimensions are both less than
48 in., it is permitted to mark such pieces in only one place.

25.1.1.3 Sheet, strip, and plate in coil form shall be marked
near the outside end of the coil. The inside of the coil shall also
be marked or shall have a tag or label attached and marked with
the information of 25.1.1.1.

25.1.1.4 Material less than1⁄4 in. [6.4 mm] in thickness
shall not be marked with die stamps.

25.1.1.5 The manufacturer’s test identification number shall
be legibly stamped on each test specimen, if to be shipped to
the customer.

25.1.1.6 Material that conforms completely with the re-
quirements of two types of steel within the ordering specifica-
tion is permitted to be marked as both types of steel provided
that the manufacturer is certifying the material as meeting the
requirements of each of the types of steel. Such marking, if

used, shall be part of the same marking as used for a single type
of steel, or shall be a separate but similar marking immediately
adjacent to the marking used for a single type of steel.

25.1.1.7 The AIAG primary metals identification tag (AIAG
B-5) is permitted to be used as an auxiliary method of
identification in cases where a bar-coded identification tag is
desired. Use of this method shall be by agreement between
purchaser and supplier.

25.1.2 Packaging and Loading—Unless otherwise speci-
fied in the applicable material specification or the purchase
order, packaging and loading shall be in accordance with the
procedures recommended by Practices A 700.

25.2 For U.S. Government Procurement:
25.2.1 When specified in the contract or order, and for direct

procurement by or direct shipment to the government, marking
for shipment shall be in accordance with Fed. Std. No. 123 for
civil agencies and MIL-STD-129 for military agencies.

25.2.2 When specified in the contract or order, material shall
be preserved, packaged, and packed in accordance with the
requirements of MIL-STD-163. The applicable levels shall be
as specified in the contract or order.

ANNEXES

(Mandatory Information)

A1. PRODUCT ANALYSIS TOLERANCES AND HEAT TREATMENT REQUIREMENTS

A1.1 Listed in Annex A1 are tables showing the permitted
variations of composition for product analysis relative to
specified chemical requirements (Table A1.1) and the heat

treatment requirements for types of stainless steel covered by
product specifications that reference Specification A 480/
A 480M (Table A1.2).
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TABLE A1.1 Chemical Requirements (Product Analysis Tolerances) A

Elements
Limit or Maximum of

Specified Range, %

Tolerance Over the
Maximum Limit or

Under the Minimum
Limit

Elements
Limit or Maximum of

Specified Range, %

Tolerance Over the
Maximum Limit or

Under the Minimum
Limit

Carbon to 0.010, incl 0.002 Titanium to 1.00, incl 0.05
over 0.010 to 0.030, incl 0.005 over 1.00 to 3.00, incl 0.07
over 0.030 to 0.20, incl 0.01
over 0.20 to 0.60, incl 0.02 Cobalt over 0.05 to 0.50, incl 0.01B

over 0.60 to 1.20, incl 0.03 over 0.50 to 2.00, incl 0.02
over 2.00 to 5.00, incl 0.05

Manganese to 1.00, incl 0.03
over 1.00 to 3.00, incl 0.04 Columbium plus to 1.50, incl 0.05
over 3.00 to 6.00, incl 0.05 tantalum
over 6.00 to 10.00, incl 0.06
over 10.00 to 15.00, incl 0.10
over 15.00 to 20.00, incl 0.15 Tantalum to 0.10, incl 0.02

Phosphorus to 0.040, incl 0.005 Copper to 0.50, incl 0.03
over 0.040 to 0.20, incl 0.010 over 0.50 to 1.00, incl 0.05

over 1.00 to 3.00, incl 0.10
Sulfur to 0.040, incl 0.005 over 3.00 to 5.00, incl 0.15

over 0.040 to 0.20, incl 0.010 over 5.00 to 10.00, incl 0.20
over 0.20 to 0.50, incl 0.020

Silicon to 1.00, incl
over 1.00 to 3.00, incl
over 3.00 to 6.00, incl

0.05
0.10
0.15

Aluminum to 0.15, incl
over 0.15 to 0.50, incl
over 0.50 to 2.00, incl

−0.005, +0.01
0.05
0.10

Chromium over 4.00 to 10.00, incl 0.10
over 10.00 to 15.00, incl 0.15 Nitrogen to 0.02, incl 0.005
over 15.00 to 20.00, incl 0.20 over 0.02 to 0.19, incl 0.01
over 20.00 to 30.00, incl 0.25 over 0.19 to 0.25, incl 0.02

over 0.25 to 0.35, incl 0.03
Nickel to 1.00, incl 0.03 over 0.35 to 0.45, incl 0.04

over 1.00 to 5.00, incl 0.07 over 0.45 to 0.55, incl 0.05
over 5.00 to 10.00, incl 0.10 Tungsten to 1.00, incl 0.03
over 10.00 to 20.00, incl 0.15 over 1.00 to 2.00, incl 0.05
over 20.00 to 30.00, incl 0.20

Vanadium to 0.50, incl 0.03
Molybdenum over 0.20 to 0.60, incl 0.03 over 0.50 to 1.50, incl 0.05

over 0.60 to 2.00, incl 0.05
over 2.00 to 8.00, incl 0.10 Selenium all 0.03

A This table does not apply to heat analysis.
B Product analysis limits for cobalt under 0.05 % have not been established, and the manufacturer should be consulted for those limits.
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A2. PERMITTED VARIATIONS IN DIMENSIONS, ETC.—INCH-POUND UNITS

A2.1 Listed in Annex A2 are tables showing the permis-
sible variations in dimensions expressed in inch-pound units of
measurement. These requirements, including the SI units
shown in brackets within Annex A2, shall apply to A 480, but
shall not apply to A 480M. Requirements for A 480M are given
in Annex A3.

A2.1.1 The dimensional tolerances are grouped by produc-
tion method (hot rolling or cold rolling, with or without
coiling), product width (narrow (<24 in. [610 mm]) or wide
($24 in. [610 mm])), and by product dimension addressed.

A2.2 Cold-Rolled Narrow (<24 in. [610 mm] width) Coil-
Processed Product—For thickness, width, length, and flatness
tolerance tables, refer to Tables A2.1-A2.4.

A2.3 Cold-Rolled Wide ($24 in. [610 mm] width) Coil-
Processed Product— For thickness, width, length, and flatness
tolerance tables, refer to Tables A2.5-A2.8.

A2.4 Hot-Rolled Narrow (<24 in. [610 mm] width) Coil-
Processed Product—For thickness, width, length, and flatness
tolerance tables, refer to Tables A2.9-A2.12.

A2.5 Hot-Rolled Wide ($24 in. [610 mm] width) Coil-
Processed Product— For thickness, width, length, and flatness
tolerance tables, refer to Tables A2.13-A2.16.

A2.6 Hot-Rolled Product Processed Without Coiling—For
thickness, width, length, and flatness tolerance tables, refer to
Tables A2.17-A2.20.

TABLE A1.2 Heat Treatment Requirements

Designation/Type TemperatureA Cooling/Testing
Requirements

Austenitic (Chromium-Nickel) (Chromium-Nickel-Manganese)

All Cr-Ni steels except as listed below 1900°F [1040°C] B

302, S30215, S30452, S30615, 308, 309, 309Cb,
310, 310Cb, S32615, S33228, S38100

1900°F [1040°C] C

304H, 309H, 310H, 316H 1900°F [1040°C] C

309HCb, 310HCb, 321H, 347H, 348H
Cold Worked 2000°F [1095°C] C

Hot Finished 1925°F [1050°C] C

S31060 1975° to 2160°F [1080° to 1180°C] C

N08811 2100°F [1150°C] C

N08020 1700° to 1850°F [925° to 1010°C] C

N08367 2025°F [1105°C] C

N08810 2050°F [1120°C] C

N08904 2000°F [1095°C] C

N08926 2010°F [1100°C] C

S31277 2050°F [1120°C] C

S20161
S30600, S30601

1900° to 2000°F [1040° to 1095°C]
2010° to 2140°F [1100° to 1170°C]

C

C

S31254, S31266, S32050, S32654 2100°F [1150°C] C

S32053 1975 to 2155°F [1080 to 1180°C] C

S31727 1975 to 2155°F [1080 to 1180°C] C

S33228 2050 to 2160°F [1120 to 1180°C] C

S34565 2050° to 2140°F [1120° to 1170°C] C

S35315 2010°F [1100°C] C

Duplex (Austenitic-Ferritic)

S31200, S31803, S32001, S32550 1900°F [1040°C] C

S31260 1870° to 2010°F [1020° to 1100°C] C

S32003 1850°F [1010°C] C

S32101 1870°F [1020°C] C

S32205 1900°F [1040°C] D

S32304 1800°F [980°C] C

S32506 1870 to 2050°F [1020 to 1120°C] C

S32520 1975 to 2050°F [1080 to 1120°C] C

S32750 1880° to 2060°F [1025° to 1125°C] C

S32760 2010°F [1100°C] C

S32900 1750° 6 25°F [955° 6 15°C] C

S32906 1900° to 1980°F [1040° to 1080°C] C

S32950 1850° 6 25°F [1010° 6 15°C] C

S39274 1925 to 2100°F [1050 to 1150°C] C

A Minimum, unless otherwise indicated.
B Quenched in water or rapidly cooled by other means at a rate sufficient to prevent reprecipitation of carbides, as demonstrable by the capability of passing the test

for resistance to intergranular corrosion specified in 18.2.
C Quenched in water or rapidly cooled by other means.
D Quenched in water, except that coiled product heat treated in a continuous annealing line shall be water quenched or rapidly cooled by other means.

A 480/A 480M – 04

10



A2.7 Cold-Rolled Product Processed Without Coiling—For
thickness, width, length, and flatness tolerance tables, refer to
Table A2.21.

A2.8 Tolerances for other dimensional characteristics—For
other tolerance tables, refer to Tables A2.22-A2.30.

TABLE A2.1 Permitted Variations in Thickness for Cold-Rolled, Narrow, Coil-Processed Product as Coils and Cut Lengths

NOTE 1—Thickness measurements are taken at least3⁄8 in. [9.52 mm] in from the edge of the product, except on widths less than 1 in. [25.4 mm] the
measurements should be taken at least1⁄8 in. [3.18 mm] from the product edge.

NOTE 2—The tolerances in this table include crown tolerances.

Specified Thickness, in. [mm]

Thickness Tolerances, for the Thickness and Widths Given, Over and Under, in. [mm]

Width (w ), in. [mm]

3⁄16 [4.76] to
6 [152], incl
w # 6 [152]

Over 6 [152] to
12 [305], incl

6 [152] < w # 12 [305]

Over 12 [305] to
24 [610], excl

12 [305] < w # 24 [610]

Thickness TolerancesA

0.002 [0.05] to 0.005 [0.13], excl 10 % 10 % 10 %
0.005 [0.13] to 0.010 [0.25] , incl. 0.0006 [0.015] 0.0008 [0.020] 0.001 [0.025]
Over 0.010 [0.25] to 0.012 [0.30], incl 0.001 [0.025] 0.001 [0.025] 0.001 [0.025]
Over 0.012 [0.30] to 0.015 [0.40], incl 0.001 [0.025] 0.0015 [0.04] 0.0015 [0.04]
Over 0.015 [0.40] to 0.020 [0.50], incl 0.001 [0.025] 0.0015 [0.04] 0.0015 [0.04]
Over 0.020 [0.50] to 0.029 [0.74], incl 0.0015 [0.04] 0.0015 [0.04] 0.002 [0.050]
Over 0.029 [0.74] to 0.035 [0.89], incl 0.0015 [0.04] 0.002 [0.050] 0.002 [0.050]
Over 0.035 [0.89] to 0.050 [1.27], incl 0.0025 [0.060] 0.003 [0.070] 0.003 [0.070]
Over 0.050 [1.27] to 0.069 [1.75], incl 0.003 [0.070] 0.003 [0.070] 0.003 [0.070]
Over 0.069 [1.75] to 0.100 [2.54], incl 0.003 [0.070] 0.003 [0.070] 0.004 [0.10]
Over 0.100 [2.54] to 0.125 [2.98], incl 0.004 [0.10] 0.004 [0.10] 0.005 [0.12]
Over 0.125 [2.98] to 0.161 [4.09], incl 0.005 [0.12] 0.005 [0.12] 0.005 [0.12]
Over 0.161 [4.09] to under 3⁄16 [4.76] 0.005 [0.12] 0.005 [0.12] 0.006 [0.15]

A Thickness tolerances given in in. [mm] unless otherwise indicated.

TABLE A2.2 Permitted Variations in Width for Cold-Rolled, Narrow, Coil-Processed Product as Coils and Cut Lengths for Edge No. 3 A

Specified ThicknessB,
in. [mm]

Width Tolerance, Over and Under, for Thickness and Width Given, in. [mm]

w # 1.60 [40] 1.60 [40] < w # 6 [150] 6 [150] < w # 12 [305] 12 [300] < w # 24 [610]

0.010 [0.25] 0.003 [0.085] 0.004 [0.10] 0.005 [0.125] 0.020 [0.50]
0.020 [0.50] 0.005 [0.125] 0.005 [0.125] 0.010 [0.25] 0.020 [0.50]
0.040 [1.00] 0.005 [0.125] 0.005 [0.125] 0.010 [0.25] 0.020 [0.50]
0.060 [1.50] 0.005 [0.125] 0.006 [0.15] 0.010 [0.25] 0.020 [0.50]
0.100 [2.50] . . . 0.010 [0.25] 0.016 [0.40] 0.020 [0.50]
0.120 [3.00] . . . 0.010 [0.25] 0.016 [0.40] 0.024 [0.60]
0.160 [4.00] . . . 0.016 [0.40] 0.016 [0.40] 0.024 [0.60]
0.200 [4.99] . . . 0.030 [0.80] 0.030 [0.80] 0.030 [0.80]

A For tolerances applicable to narrow product with Edge No. 1 or No. 5, see Table A2.31.
B For specified thickness other than those shown, the tolerances for the next higher thickness shall apply.

TABLE A2.3 Permitted Variations in Length for Cold-Rolled,
Narrow, Coil-Processed Product as Cut Lengths

Specified Length, ft [mm] Tolerances, in. [mm]

#6 [1830] +1⁄8 [3], −0
>6 [1830] to #12 [3660] +0.2 [5], −0

>12 [3069] to #20 [6096] +0.3 [8], −0

TABLE A2.4 Permitted Variations in Flatness of Cold-Rolled,
Narrow, Coil-Processed Product as Cut Lengths

Tolerances for variations of flatness cold-rolled products, narrow, coil-
processed product as cut lengths shall be identical to the tolerances for cold-
rolled, wide, coil-processed product as listed in Table A2.8 unless otherwise
agreed upon by seller and purchaser and specified in the purchase order.
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TABLE A2.5 Permitted Variations in Thickness of Cold-Rolled, Wide, Coil-Processed Product as Coil and Cut Lengths

Specified ThicknessA,B, in. [mm] Permitted Variation, Over and Under, in
[mm], for specified width (w ), w in in.

w # 40
[1000]

40 [1000]
< w #

50 [1300]

50 [1300]
< w #

84 [2100]

0.012 [0.30] 0.001 [0.030] . . . . . .

0.016 [0.40] 0.0015 [0.04] 0.0015 [0.04] . . .

0.020 [0.50] 0.0015 [0.04] 0.0015 [0.04]

0.024 [0.60] 0.002 [0.05] 0.002 [0.05] . . .
0.032 [0.80] 0.002 [0.05] 0.002 [0.05] . . .

0.040 [1.00] 0.0025 [0.06] 0.0025 [0.06] 0.003 [0.08]
0.047 [1.20] 0.003 [0.08] 0.003 [0.08] 0.003 [0.08]

0.059 [1.50] 0.003 [0.08] 0.003 [0.08] 0.004 [0.10]

0.079 [2.00] 0.004 [0.10] 0.004 [0.10] 0.0045 [0.11]

0.098 [2.50] 0.004 [0.10] 0.004 [0.10] 0.005 [0.13]

0.118 [3.00] 0.005 [0.13] 0.005 [0.13] 0.006 [0.15]

0.157 [4.00] 0.007 [0.17] 0.007 [0.17] 0.007 [0.17]

0.197 [5.00] 0.007 [0.17] 0.007 [0.17] 0.0075 [0.19]
0.236 [6.00] 0.007 [0.17] 0.008 [0.20] 0.009 [0.23]
0.3125 [8.00] 0.007 [0.17] 0.009 [0.23] 0.010 [0.25]

A Thickness measurements are taken at least 3⁄8 in. [9.52 mm] from the edge of the sheet.
B For specified thicknesses other than those shown, the tolerances for the next higher thickness shall apply.

TABLE A2.6 Permissible Variations in Width for Cold-Rolled Wide, Coil-Processed Product as Cut Lengths (Not Resquared) and Coil

Specified
Thickness,
in. [mm]A

Permitted Variation in Width (w ), in. [mm],
for Specified Width (w ), in. [mm]

w # 6 [150] 6 [125] < w # 12 [300] 12 [300] < w # 24 [600] 24 [600] < w < 48 [1200] 48 [1000] $ w

0.040 [1.00] +0.02 [0.5], –0 +0.02 [0.5], –0 +0.03 [0.7], –0 +1⁄16 [1.6], –0 +1⁄8 [3.2], –0
0.059 [1.50] +0.03 [0.7], –0 +0.03 [0.7], –0 +0.04 [1.0], –0 +1⁄16 [1.6], –0 +1⁄8 [3.2], –0
0.098 [2.50] +0.04 [1.0], –0 +0.04 [1.0], –0 +0.05 [1.2], –0 +1⁄16 [1.6], –0 +1⁄8 [3.2], –0
0.138 [3.50] +0.05 [1.2], –0 +0.05 [1.2], –0 +0.06 [1.5], –0 +1⁄16 [1.6], –0 +1⁄8 [3.2], –0

0.3125 [8.00] +0.08 [2.0], –0 +0.08 [2.0], –0 +0.08 [2.0], –0 +0.16 [4.0], –0 +0.16 [4.0], –0
A For specified thicknesses and other than those shown, the tolerances for the next higher thickness shall apply.

TABLE A2.7 Permitted Variations in Length for Cold-Rolled,
Wide, Coil-Processed Product as Cut Lengths Not Resquared

Specified Length (L), ft [mm]
Tolerances, in. [mm]

Over Under
Up to 6 [1830], incl 3⁄16 [4.8] 0
Over 6 [1830] 0.03 3 L [0.0025 3 L] 0
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TABLE A2.8 Permitted Variations in Flatness of Cold-Rolled,
Wide, Coil-Processed Product as Cut Lengths

Not Specified to Stretcher-Leveled Standard of FlatnessA

Specified Thickness,
in. [mm]

Width, in. [mm]
Flatness

Tolerance,B

in. [mm]

<0.062 [1.57] #60 [1524] 0.40 [10]
>60 [1524] 0.50 [12]

$0.062 [1.57] #60 [1524] 0.40 [10]
#60 [1524] 0.50 [12]

Stretcher-Leveled Standard of FlatnessC

Specified Thickness,
in. [mm]

Width,
in. [mm]

Length,
in. [mm]

Flatness
Tolerance,B

in. [mm]

<3⁄16 [4.76] <48 [1219] <96 [2438] 1⁄8 [3.2]
<48 [1219] $96 [2438] 1⁄4 [6.4]

<3⁄16 [4.76] $48 [1219] <96 [2438] 1⁄4 [6.4]
$48 [1219] $96 [2438] 1⁄4 [6.4]

2xx and 3xx Series Specified to 1⁄4 and 1⁄2 Hard Tempers

Specified Thickness,
in. [mm]

Width, in. [mm] Flatness Tolerance,B

in. [mm]

1⁄4 Hard 1⁄2 Hard

<0.016 [0.41] 24 [610] to <36 [914] 1⁄2 [12.70] 3⁄4 [19.05]
0.016 [0.41] to

0.030 [0.76]

5⁄8 [15.88] 7⁄8 [22.22]

>0.030 [0.76] 3⁄4 [19.05] 7⁄8 [22.22]

#0.016 [0.41] 36 [914] to <48 [1219] 5⁄8 [15.88] 1 [25.40]
>0.016 [0.41] to 3⁄4 [19.05] 11⁄8 [28.58]

0.030 [0.76]
>0.030 [0.76] 1 [25.40] 11⁄8 [28.58]

A Not specified to stretcher-leveled standard of flatness, and not including hard
tempers of 2xx and 3xx Series, dead-soft sheets, and deep-drawing sheets.

B Maximum deviation from a horizontal flat surface.
C Not including hard tempers of 2xx and 3xx Series, dead-soft sheets, and

deep-drawing sheets.

TABLE A2.9 Permitted Variations in Thickness of Hot-Rolled,
Narrow, Flat-Rolled, Coil-Processed Product as Cut Lengths and

Coil

Tolerances for variations of thickness of hot-rolled, narrow, coil-processed
product as cut lengths and coil shall be identical to the tolerances for hot-rolled,
wide, coil-processed product as listed in Table A2.13, unless otherwise agreed
upon by seller and purchaser and specified in the purchase order.

TABLE A2.10 Permitted Variations in Width of Hot-Rolled,
Narrow, Flat-Rolled, Coil-Processed Product as Cut Lengths and

Coil

Tolerances for variations of width of hot-rolled, narrow, coil-processed product
as cut lengths and coil shall be identical to the tolerances for hot-rolled, wide,
coil-processed product as listed in Table A2.14 unless otherwise agreed upon
by seller and purchaser and specified in the purchase order.

TABLE A2.11 Permitted Variations in Length of Hot-Rolled,
Narrow, Coil-Processed Product as Cut Lengths

Tolerances for variations of length of hot-rolled, narrow, coil-processed product
as cut lengths shall be identical to the tolerances for hot-rolled, wide, coil-
processed product as listed in Table A2.15 unless otherwise agreed upon by
seller and purchaser and specified in the purchase order.

TABLE A2.12 Permitted Variations in Flatness of Hot-Rolled,
Narrow, Coil-Processed Product as Cut Lengths

Tolerances for variations of flatness of hot-rolled, narrow, coil-processed
product as cut lengths shall be identical to the tolerances for hot-rolled, wide,
coil-processed product as listed in Table A2.16 unless otherwise agreed upon
by seller and purchaser and specified in the purchase order.
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TABLE A2.13 Permitted Variations in Thickness of Hot-Rolled, Wide, Coil-Processed Product as Coil and Cut Lengths

Specified ThicknessA,
in. [mm]

Permitted Variations, in. [mm], Over and Under
for specified width (w ) in. [mm]

w # 60 [1525] w > 60 [1525]

0.072 [1.83] 0.006 [0.15] 0.009 [0.22]
>0.072 [1.83] to 0.083 [2.11] 0.007 [0.18] 0.010 [0.25]
>0.083 [2.11] to 0.098 [2.49] 0.008 [0.20] 0.011 [0.27]
>0.098 [2.49] to 0.114 [2.90] 0.009 [0.23] 0.012 [0.30]
>0.114 [2.90] to 0.130 [3.30] 0.011 [0.27] 0.013 [0.33]
>0.130 [3.30] to 0.145 [3.68] 0.012 [0.30] 0.013 [0.33]
>0.145 [3.68] to 0.1875 [4.76] 0.013 [0.34] 0.014 [0.35]

>0.1875 [4.76] to 0.250 [6.35] 0.015 [0.38] 0.015 [0.38]
>0.250 [6.35] to 0.3125 [7.94] 0.016 [0.40] 0.016 [0.40]

>0.3125 [7.94] 0.020 [0.50] 0.020 [0.50]
A Thickness measurements are taken at least 3⁄8 in. [9.52 mm] from the edge of the sheet.

TABLE A2.14 Permitted Variations in Width of Hot-Rolled, Wide,
Coil-Processed Product as Cut Lengths (Not Resquared) and

Coil

Specified Thickness, t, in.
[mm]

Width (w ), in. [mm] Tolerances on Width, in.
[mm], for Trimmed Edges

t < 3⁄16 [4.76] w < 48 [1219] +1⁄16 , –0
w $ 48 [1219] +1⁄8 , –0

3⁄16 [4.76] # t < 3⁄8 [9.5] w < 48 [1219] +5⁄32 , –0
w $ 48 [1219] +7⁄32 , –0

t $ 3⁄8 [9.5] w < 48 [1219] +1⁄4 , –0
w $ 48 [1219] +13⁄32 , –0

TABLE A2.15 Permitted Variations in Length of Hot-Rolled, Wide,
Coil-Processed Product as Cut Lengths Not Resquared

Length (L), ft [mm] Tolerances, in. [mm], Over and Under

L # 10 [3048] + 1⁄4 [6.35], −0
10 [3048] < L # 20 [6096] + 1⁄2 [12.70], −0

TABLE A2.16 Permitted Variations in Flatness of Hot-Rolled, Wide, Coil-Processed Product as Cut Lengths

Not Specified to Stretcher-Leveled Standard of Flatness

Specified Thickness (t ), in. [mm] Width (w ), in. [mm] Flatness Tolerance,A in. [mm]

t < 3⁄16 [4.76] w # 36 [914], 0.50 [12.7]
36 [914] < w # 60 [1524] 0.75 [19.1]

w > 60 [1524] 1.00 [25.4]

t $ 3⁄16 [4.76] w # 60 [1524] 0.90 [23]
60 [1524] < w # 72 [1829] 1.20 [30]

w > 72 [1829] 1.50 [38]

Stretcher-Leveled Standard of Flatness

Specified Thickness
(t ), in. [mm]

Specified Width
(w ), in. [mm]

Specified Length
(L), in. [mm]

Flatness Tolerance,A

in. [mm]

t < 3⁄16 [4.76] w # 48 [1219] L # 96 [2438] 1⁄8 [3.18]
w # 48 [1219] L > 96 [2438] 1⁄4 [6.35]

t < 3⁄16 [4.76] w > 48 [1219] L # 96 [2438] 1⁄4 [6.35]
w > 48 [1219] L > 96 [2438] 1⁄4 [6.35]

A Maximum deviation from a horizontal flat surface.
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TABLE A2.17 Permitted Variations in Thickness of Hot-Rolled Mill Plate (Quarto Plate) A,B

Specified Thickness (t ), in. [mm]

Width (w ), in. [mm]

w # 84 [2134]
84 [2134] < w #

120 [3048]
120 [3048] < w #

144 [3658]
w > 144 [3658]

Tolerance Over Specified Thickness,C in. [mm]

t < 3⁄16 [4.76] 0.055 [1.35] 0.070 [1.78] . . . . . .
3⁄16 [4.76] # t < 3⁄8 [9.52] 0.045 [1.14] 0.050 [1.27] 0.085 [2.16] . . .
3⁄8 [9.52] # t < 3⁄4 [19.05] 0.055 [1.40] 0.060 [1.52] 0.085 [2.16] 0.090 [2.29]

3⁄4 [19.05] # t < 1 [25.40] 0.060 [1.52] 0.065 [1.65] 0.085 [2.16] 0.100 [2.54]
1 [25.40] # t < 2 [50.80] 0.070 [1.78] 0.075 [1.90] 0.095 [2.41] 0.115 [2.92]
2 [50.80] # t < 3 [76.20] 0.125 [3.20] 0.150 [3.80] 0.175 [4.45] 0.200 [5.08]
3 [76.20] # t < 4 [101.6] 0.150 [3.81] 0.160 [4.06] 0.200 [5.08] 0.225 [5.72]

4 [101.6] # t < 6 [152.4] 0.180 [4.57] 0.200 [5.08] 0.335 [8.50] 0.355 [9.02]
6 [152.4] # t < 8 [203.2] 0.235 [6.00] 0.255 [6.48] 0.355 [9.02] 0.435 [11.0]
8 [203.2] # t < 10 [254.0] 0.315 [8.00] 0.335 [8.50] 0.435 [11.0] 0.550 [14.0]

A Thickness is measured along the longitudinal edges of the plate at least 3⁄8 in. [9.52 mm], but not more than 3 in. [76.20 mm], from the edge.
B For plates up to 10 in. [254.0 mm], excl, in thickness, the tolerance under the specified thickness is 0.010 in. [0.25 mm].
C For circles, the over thickness tolerances in this table apply to the diameter of the circle corresponding to the width ranges shown. For plates of irregular shape, the

over thickness tolerances apply to the greatest width corresponding to the width ranges shown.

TABLE A2.18 Permitted Variations in Width for Hot-Rolled
Rectangular Sheared Plate Mill Plates (Quarto Plates)

Specified Width (w ), in. [mm]
Tolerances, over specified width, in.

[mm]A

w # 84 [2135] 5⁄8 [15.9]
84 [2135] < w # 108 [2745] 3⁄4 [19.1]

w > 108 [2745] 1 [25.4]
A The tolerance under specified width is 1⁄4 in. [6.35 mm].

TABLE A2.19 Permitted Variations in Length for Hot-Rolled
Sheared Rectangular Plate Mill Plates (Quarto Plates)

Nominal Length (L), in. [mm] Tolerances, over and under, in. [mm]A

L < 160 [4064] 3⁄4 [19.1]
160 [4064] # L < 240 [6096] 11⁄4 [31.8]
240 [6000] # L < 315 [8000] 15⁄8 [41.3]
315 [8000] # L < 394 [10 008] 2 [50.8]

394 [10 008] # L < 590 [15 000] 21⁄4 [57.2]
590 [15 000] # L < 790 [20 066] 21⁄4 [57.2]

A The tolerance under specified length is 1⁄4 in. [6.35 mm].

TABLE A2.20 Permitted Variations in Flatness of Plate Mill Plate
(Quarto Plate)

NOTE 1—Tolerances in this table apply to any length, not necessarily
the rolling direction, up to 36 in. [914 mm] and to any 36 in. [914 mm] of
longer lengths in the plane of the plate measured while the plate rests on
a flat surface with the concavity of the curvature upward.

NOTE 2—If the longer dimension is under 36 in. [914 mm], the
tolerance is not greater than1⁄4 in. [6.4 mm].

NOTE 3—For plates with specified minimum yield strengths of 35 ksi
[240 MPa] or more, the permitted variations are increased to 11⁄2 times the
amounts shown.

Specified Thickness (t ),
in. [mm]

Flatness Tolerance for Thicknesses
Given, in. [mm]

t < 1⁄4 [6.35] 7⁄16 [11]
1⁄4 [6.35] # t < 3⁄8 [9.52] 3⁄8 [9.5]
3⁄8 [9.52] # t < 1⁄2 [12.70] 5⁄16 [7.9]

1⁄2 [12.70] # t < 3⁄4 [19.05] 5⁄16 [7.9]
3⁄4 [19.05] # t < 1 [25.40] 5⁄16 [7.9]
1 [25.40] # t < 11⁄2 [38.10] 1⁄4 [6.4]

11⁄2 [38.10] # t < 4 [101.60] 1⁄4 [6.4]
t $ 4 [101.60] 1⁄4 [6.4]
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TABLE A2.21 Cold-Rolled Products, Processed Without Coiling

Tolerances for cold-rolled products processed without coiling shall be identical
to the tolerances for hot-rolled products processed without coiling as listed in
Table A2.17, Table A2.18, Table A2.19, and Table A2.20 unless otherwise
agreed upon by seller and purchaser and specified in the purchase order.

TABLE A2.22 Permitted Variations in Width for Cold-Rolled Narrow, Coil-Processed Product in Coils and Cut Lengths for
Edge No. 1 or 5

Specified
Edge No.

Width, in. [mm] Thickness, in. [mm] Width Tolerance for Thickness and Width Given
in. [mm]

Over Under

1 and 5 9⁄32 [7.14] and under 1⁄16 [1.59] and under 0.005 [0.13] 0.005 [0.13]
1 and 5 over 9⁄32 [7.14] to 3⁄4 [19.05], incl 3⁄32 [2.38] and under 0.005 [0.13] 0.005 [0.13]
1 and 5 over 3⁄4 [19.05] to 5 [127.00], incl 1⁄8 [3.18] and under 0.005 [0.13] 0.005 [0.13]

5 over 5 [127.00] to 9 [228.60], incl 0.008 [0.20] to 1⁄8 [3.18], incl 0.010 [0.25] 0.010 [0.25]
5 over 9 [228.60] to 20 [508.00], incl 0.015 [0.38] to 0.105 [2.67] 0.010 [0.25] 0.010 [0.25]
5 over 20 [508.00] to 24 [610], excl 0.023 [0.58] to 0.080 [2.03] 0.015 [0.38] 0.015 [0.38]

TABLE A2.23 Permitted Variations in Width and Length for Hot-Rolled and Cold-Rolled Resquared Coil-Processed Product (Stretcher
Leveled Standard of Flatness)

Tolerances

Specified Dimensions, in. [mm] Over Under

in. mm

For thicknesses under 0.131 [3.33]:
Widths up to 48 [1219] excl 1⁄16 1.59 0
Widths 48 [1219] and over 1⁄8 3.18 0
Lengths up to 120 [3048] excl 1⁄16 1.59 0
Lengths 120 [3048] and over 1⁄8 3.18 0

For thicknesses 0.131 [3.33] up to 3⁄16 , excl:
All widths and lengths 1⁄4 6.35 0

TABLE A2.24 Permitted Variations in Width and Length
for Hot-Rolled Product by Abrasive Cutting

Specified Thickness, in. [mm]

Tolerance over Specified
Width and LengthA

Width Length

Up to 1 [25.40], incl 1⁄8 [3.18] 1⁄8 [3.18]
1 [25.40] to 2 [50.80], incl 3⁄16 [4.76] 3⁄16 [4.76]
2 [50.80] to 3 [76.20], incl 1⁄4 [6.35] 1⁄4 [6.35]
3 [76.20] to 4 [101.6], inclB 5⁄16 [7.94] 5⁄16 [7.94]

A The tolerances under specified width and length are 1⁄8 in. [3.18 mm].
B Width and length tolerances for abrasive cut plates over 4 in. [101.6 mm] thick

are not included in the table; consult producer.

TABLE A2.25 Permitted Variations in Diameter for Hot-Rolled and Cold-Rolled Coil-Processed Product as Sheared Circles

Tolerance Over Specified Diameter
(No Tolerance Under), in. [mm]

Specified Thickness, in. [mm]
Diameters

Under 30 in.
[762]

Diameters 30
[762]

to 48 in.
[1219]

Diameters
Over 48 in.

[1219]

Up to 0.0567 [1.45], include 1⁄16 [1.59] 1⁄8 [3.18] 3⁄16 [4.76]
0.0568 [1.45] to 0.0971 [2.46], incl 3⁄32 [2.38] 5⁄32 [3.97] 7⁄32 [5.56]
0.0972 [2.46] up to 3⁄16 [4.76], excl 1⁄8 [3.18] 3⁄16 [4.76] 1⁄4 [6.35]
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TABLE A2.26 Permitted Variations in Diameter for Circular Plates Taken From Hot-Rolled Product Processed With or Without Coiling

Tolerance Over Specified Diameter for Given
Diameter and Thickness,A in. [mm]

Specified Diameter, in. [mm]
To 3⁄8 [9.52] in.,

excl, in
Thickness

3⁄8 [9.52] to 5⁄8
[15.88] in., excl,

in Thickness

5⁄8 [15.88] in.
and Over in
ThicknessB

To 60 [1524], excl 1⁄4 [6.35] 3⁄8 [9.52] 1⁄2 [12.70]
60 [1524] to 84 [2134], excl 5⁄16 [7.94] 7⁄16 [11.11] 9⁄16 [14.29]
84 [2134] to 108 [2743], excl 3⁄8 [9.52] 1⁄2 [12.70] 5⁄8 [15.88]
108 [2743] to 180 [4572], excl 7⁄16 [11.11] 9⁄16 [14.29] 11⁄16 [17.46]

A No tolerance under.
B Circular and sketch plates over 5⁄8 in. [15.88 mm] in thickness are not commonly sheared but are machined or flame cut.

TABLE A2.27 Torch Cutting Tolerances A and Recommended
Cleanup Allowance for Rectangular Plates, Circles, Rings, and

Sketches

Specified
Thickness, in.

Tolerance, in. Cleanup
AllowanceB per

Edge, in.Outside Dimension Inside Dimension

2 and under +3⁄8 , −0 −3⁄8 , +0 61⁄4
Over 2 to 3 incl +1⁄2 , −0 −1⁄2 , +0 63⁄8
Over 3 to 6 incl +3⁄4 , −0 −3⁄4 , +0 61⁄2

A Tolerances to apply unless otherwise agreed. Note that for some applications
user may wish to specify minus rather than plus tolerance or vice versa.

B Recommended cleanup allowance which, unless otherwise specified, will be
applied by supplier to purchasers ordered size.

TABLE A2.28 Permitted Variations in Weight for Hot-Rolled or Cold-Rolled Coil Processed Product with Thickness less than 3⁄16 in.
[4.76 mm]

Any item of five sheets or less, or any item
estimated to weigh 200 lb [90.72 kg] or less,
may actually weigh as much as 10 % over the
theoretical weight

weigh 200 lb [90.72 kg]
or less

Any item of more than five sheets and estimated
to weigh more than 200 lb [90.72 kg], may
actually weigh as much as 71⁄2 % over the
theoretical weight

weigh more than 200 lb
[90.72 kg]

Chromium-manganese-nickel 40.7 lb/ft2·in. thickness
[7.82 kg/m2·mm thick]

Chromium-nickel 42.0 lb/ft2·in. thickness
[8.07 kg/m2·mm thick]

Chromium 41.2 lb/ft2·in. thickness
[7.92 kg/m2·mm thick]

TABLE A2.29 Permitted Variations in Camber for Cold-Rolled
Coil Processed Product in Coils and Cut Lengths A

Specified Width, in. [mm]
Tolerance per Unit Length of
Any 8 ft [2438 mm], in. [mm]

To 11⁄2 [38.10], incl
Over 11⁄2 [38.10] to 24 [609.60], excl

1⁄2 [12.70]
1⁄4 [6.35]

A Camber is the deviation of a side edge from a straight line and measurement
is taken by placing an 8-ft [2438-mm] straightedge on the concave side and
measuring the greatest distance between the strip edge and the straightedge.
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A3. PERMITTED VARIATIONS IN DIMENSIONS, ETC.—SI UNITS

A3.1 Listed in Annex A3 are tables showing the permitted
variations in dimensions expressed in SI units of measurement.
These requirements shall apply to A 480M but shall not apply
to A 480. Requirements for A 480 are given in Annex A2.

A3.1.1 The dimensional tolerances are grouped by produc-
tion method (hot rolling or cold rolling, with or without
coiling), product width (narrow (<600 mm) or wide ($600
mm)), and by product dimension addressed.

A3.2 Cold-Rolled Narrow (<600 mm width) Coil-Processed
Product—For thickness, width, length, and flatness tolerance
tables, refer to Tables A3.1-A3.4.

A3.3 Cold-Rolled Wide ($600 mm width) Coil-Processed
Product—For thickness, width, length, and flatness tolerance
tables, refer to Tables A3.5-A3.8.

A3.4 Hot-Rolled Narrow (<600 mm width) Coil-Processed
Product—For thickness, width, length, and flatness tolerance

tables, refer to Tables A3.9-A3.12.

A3.5 Hot-Rolled Wide ($600 mm width) Coil-Processed
Product—For thickness, width, length, and flatness tolerance
tables, refer to Tables A3.13-A3.16.

A3.6 Hot-Rolled Product Processed Without Coiling—For
thickness, width, length, and flatness tolerance tables, refer to
Tables A3.17-A3.20.

A3.7 Cold-Rolled Product Processed Without Coiling—For
thickness, width, length, and flatness tolerance tables, refer to
Table A3.21.

A3.8 Tolerances for Other Dimensional Characteristics—
For other tolerance tables, refer to Tables A2.31-A3.29.

TABLE A2.30 Permitted Variations in Camber for Sheared Mill
and Universal Mill Plates A

Maximum camber = 1⁄8 in. in any 5 ft
= 3.18 mm in any 1.524 m

A Camber is the deviation of a side edge from a straight line, and measurement
is taken by placing a 5-ft straightedge on the concave side and measuring the
greatest distance between the plate and the straightedge.

TABLE A3.1 Permitted Variations in Thickness of Cold-Rolled,
Narrow, Coil-Processed Product as Coil and Cut Lengths

NOTE 1—Thickness measurements are taken at least 10 mm in from the
edge of the product, except that on widths less than 26 mm, the tolerances
are applicable for measurements at all locations.

NOTE 2—The tolerances in this table include crown tolerances.
NOTE 3—For specified thicknesses other than those shown, the toler-

ances for the next higher thickness shall apply.

Specified
Thickness,

mm

Thickness Tolerances, for the Thickness and Widths Given,
Over and Under, mm

Width (w ), mm

50 to 150, incl
w # 125

Over 150 to
300, incl

125 < w # 250

Over 300 to
600, excl

250 < w < 600

Thickness TolerancesA

0.15 0.010 0.015 0.020
0.25 0.015 0.020 0.025
0.50 0.025 0.030 0.035
0.75 0.030 0.040 0.050
1.00 0.030 0.040 0.050
1.25 0.035 0.045 0.050
1.50 0.040 0.050 0.060
1.75 0.050 0.060 0.070
2.00 0.050 0.060 0.070
2.50 0.050 0.070 0.080
3.00 0.060 0.070 0.090
4.00 0.070 0.070 0.090
4.99 0.070 0.070 0.090

A Thickness tolerances given in mm unless otherwise indicated.

TABLE A3.2 Permitted Variations in Width of Cold-Rolled,
Narrow, Coil-Processed Product in Coils and Cut Lengths for

Edge No. 3 A

Specified
ThicknessB, mm

Width Tolerance, Over and Under, for Thickness and Width
Given, mm

w # 40 40 < w # 125 125 < w # 250 250 < w # 600

0.25 0.085 0.10 0.125 0.50
0.50 0.10 0.125 0.15 0.50
1.00 0.125 0.125 0.20 0.50
1.50 0.125 0.15 0.25 0.50
2.50 . . . 0.20 0.30 0.50
3.00 . . . 0.25 0.30 0.60
4.00 . . . 0.25 0.40 0.60
4.99 . . . 0.40 0.50 0.80

A For tolerances applicable to narrow product with Edge No. 1 or No. 5, see
Table A2.31.

B For specified thickness other than those shown, the tolerances for the next
higher thickness shall apply.

TABLE A3.3 Permitted Variations in Length of Cold-Rolled,
Narrow, Coil-Processed Products as Cut Lengths

Specified Length, mm Tolerances, mm

#1500 +3, −0
>1500, #4000 +5, −0
>4000, #6000 +8, −0

TABLE A3.4 Permitted Variations in Flatness of Cold-Rolled,
Narrow, Coil-Processed Product as Cut Lengths

Tolerances for variations of flatness cold-rolled products, narrow, coil-
processed product as cut lengths shall be identical to the tolerances for cold-
rolled, wide, coil-processed product as listed in Table A3.8, unless otherwise
agreed upon by seller and purchaser and specified in the purchase order.
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TABLE A3.5 Permitted Variations in Thickness of Cold-Rolled, Wide, Coil-Processed Product as Coil and Cut Lengths

NOTE 1—Thickness measurements are taken at least 15 mm from the edge of the product in the case of slit edges and at least 25 mm from the edge
of the product in the case of mill edges.

NOTE 2—Cold-rolled sheets in cut lengths and coils are produced in some type numbers and some widths and thickness to tolerances less than those
shown in the table.

NOTE 3—For specified thicknesses other than those shown, the tolerances for the next higher thickness shall apply.

Specified Thickness, mm Permitted Variation, Over and Under, mm, for specified width (w ), w in mm

w # 1000 1000 < w # 1300 1300 < w # 2100

0.30 0.03 . . . . . .
0.40 0.04 0.04 . . .
0.50 0.045 0.05 . . .
0.60 0.05 0.05 . . .
0.80 0.05 0.05 . . .
1.00 0.055 0.06 0.07
1.20 0.08 0.08 0.08
1.50 0.08 0.08 0.10
2.00 0.10 0.10 0.11
2.50 0.10 0.11 0.13
3.00 0.13 0.13 0.15
4.00 0.17 0.17 0.17
5.00 0.17 0.17 0.19
6.00 0.17 0.20 0.23
8.00 0.17 0.22 0.25

TABLE A3.6 Permitted Variations in Width of Cold-Rolled, Wide, Coil-Processed Product as Cut Lengths (Not Resquared) and Coil

Specified
Thickness,

mmA

Permitted Variation in Width, mm,
for Specified Width (w ), mm

w # 125 125 < w # 250 250 < w # 600 600 < w # 1000 1000 < w # 2100

1.00 +0.5, –0 +0.5, –0 +0.7, –0 +1.5, –0 +2.0, +0
1.50 +0.7, –0 +0.7, –0 +1.0, –0 +1.5, –0 +2.0, +0
2.50 +1.0, –0 +1.0, –0 +1.2, –0 +2.0, –0 +2.5, –0
3.50 +1.2, –0 +1.2, –0 +1.5, –0 +3.0, –0 +3.0, –0
8.00 +2.0, –0 +2.0, –0 +2.0, –0 +4.0, –0 +4.0, –0

A For specified thicknesses other than those shown, the tolerances for the next higher thickness shall apply.

TABLE A3.7 Permitted Variations in Length of Cold-Rolled, Wide,
Coil-Processed Product as Cut Lengths Not Resquared

Specified Length (L), mm Tolerance, mm

Over Under

#2000 5 0
>2000 0.0025 3 L 0
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TABLE A3.8 Permitted Variations in Flatness of Cold-Rolled,
Wide, Coil-Processed Product as Cut Lengths

Not Specified to Stretcher-Leveled Standard of FlatnessA

Specified
Thickness, mm

Specified
Width, mm

Flatness
ToleranceB, mm

<1.50 <1500 10
$1500 12

$1.50 <1500 10
$1500 12

Stretcher-Leveled Standard of FlatnessC

Specified
Thickness, mm

Specified
Width, mm

Specified
Length, mm

Flatness
Tolerance,B mm

#4.99 <1200 <2400 4
$2400 7

$1200 <2400 7
$2400 7

2xx and 3xx Series Specified to 1⁄4 and 1⁄2 Hard Tempers

Specified Thickness, mm
Specified Width,

mm Flatness Tolerance,B mm

1⁄4 Hard 1⁄2 Hard

#0.04 600 to 900, excl 19 23
>0.04 to #0.80 16 23

>0.80 13 19

#0.04 900 to 1200, incl 26 29
>0.04 to #0.80 19 29

>0.80 16 26
A Not specified to stretcher-leveled standard of flatness, and not including hard

tempers of 2xx and 3xx series, dead-soft sheets, and deep-drawing sheets.
B Maximum deviation from a horizontal flat surface.
C Not including hard tempers of 2xx and 3xx series, dead-soft sheets, and

deep-drawing sheets.

TABLE A3.9 Permitted Variations in Thickness of Hot-Rolled,
Narrow, Flat-Rolled, Coil-Processed Product as Cut Lengths and

Coil

Tolerances for variations of thickness of hot-rolled, narrow, coil-processed
product as cut lengths and coil shall be identical to the tolerances for hot-rolled,
wide, coil-processed product as listed in Table A3.13, unless otherwise agreed
upon by seller and purchaser and specified in the purchase order.

TABLE A3.10 Permitted Variations in Width of Hot-Rolled,
Narrow, Flat-Rolled, Coil-Processed Product as Cut Lengths and

Coil

Tolerances for variations of width of hot-rolled, narrow, coil-processed product
as cut lengths and coil shall be identical to the tolerances for hot-rolled, wide,
coil-processed product as listed in Table A3.14, unless otherwise agreed upon
by seller and purchaser and specified in the purchase order.

TABLE A3.11 Permitted Variations in Length of Hot-Rolled,
Narrow, Coil-Processed Product as Cut Lengths

Tolerances for variations of length of hot-rolled, narrow, coil-processed
product as cut lengths shall be identical to the tolerances for hot-rolled, wide,
coil-processed product as listed in Table A3.15, unless otherwise agreed upon
by seller and purchaser and specified in the purchase order.

TABLE A3.12 Permitted Variations in Flatness of Hot-Rolled,
Narrow, Flat-Rolled, Coil-Processed Product as Cut Lengths

Tolerances for variations of flatness of hot-rolled, narrow, coil-processed
product as cut lengths shall be identical to the tolerances for hot-rolled, wide,
coil-processed product as listed in Table A3.16, unless otherwise agreed upon
by seller and purchaser and specified in the purchase order.

TABLE A3.13 Permitted Variations in Thickness of Hot-Rolled,
Wide, Coil-Processed Product as Coil and Cut Lengths

NOTE 1—Thickness measurements are taken at least 10 mm from the
edge of the product.

NOTE 2—For specified thicknesses other than those shown, the toler-
ances for the next higher thickness shall apply.

Specified Thickness, mm

Permitted Variations of Thickness, mm, Over and
Under, for Specified Width (w)

w # 1500 w > 1500

2.0 0.18 0.25
2.25 0.20 0.27
2.5 0.23 0.30
3.0 0.25 0.33
3.5 0.30 0.33
5.0 0.36 0.38
6.0 0.38 0.38
8.0 0.50 0.50
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TABLE A3.14 Permitted Variations in Width of Hot-Rolled, Wide,
Coil-Processed Product as Cut Lengths (Not Resquared) and

Coil

Specified Dimension, mm Tolerance on Width, mm, for
Trimmed Edges

Thickness (t ), mm Width (w ), mm Over Under

<5.00 w < 1200 2 0
w $ 1200 4 0

5.00 < t # 10.00 w < 1200 4 0
w $ 1200 5 0

>10.00 w < 1200 6 0
w $ 1200 10 0

TABLE A3.15 Permitted Variations in Length of Hot-Rolled, Wide,
Coil-Processed Product as Cut Lengths Not Resquared

Specified Length
(L), mm

Tolerance, mm
Over Under

L < 3000 7 0
3000 # L # 6000 (0.005 3 L) 0

TABLE A3.16 Permitted Variations in Flatness of Hot-Rolled,
Wide, Coil-Processed Product as Cut Lengths

Not Specified to Stretcher-Leveled Standard of Flatness

Specified Thickness
(t ), mm

Specified Width
(w ), mm

Flatness
Tolerance,A mm

t < 5 w < 900 13
900 # w < 1500 19

w $ 1500 26
t $ 5 w < 1500 23

1500 # w < 1800 30
w $ 1800 38

Stretcher-Leveled Standard of Flatness

Specified Thickness
(t ), mm

Specified Width
(w ), mm

Specified Length
(L), mm

Flatness
Tolerance,A mm

t # 13 w < 1200 L < 2400 4
L $ 2400 7

w $ 1200 L < 2400 7
L $ 2400 7

A Maximum deviation from a horizontal flat surface.

TABLE A3.17 Permitted Variations in Thickness of Hot-Rolled
Plate Mill Plate (Quarto Plate) A,B

NOTE 1—For specified thicknesses other than those shown, the toler-
ances for the next higher thickness shall apply.

Width (w ), mm

Specified
Thickness, mm w < 2100

2100 # w <
3000

3000 # w <
3600 w $ 3600

Tolerance Over Specified Thickness, mm

5 1.35 1.75 . . . . . .
8 1.15 1.30 2.15 . . .

10 1.15 1.30 2.15 . . .
20 1.40 1.55 2.15 2.30
25 1.55 1.65 2.15 2.55
50 1.80 1.90 2.40 2.95
75 3.20 3.80 4.45 5.10

100 3.75 4.00 5.00 5.70
150 4.50 5.00 8.50 9.00
200 6.00 6.50 9.00 11.0
250 8.00 8.50 11.0 14.0

A Thickness is measured along the longitudinal edges of the plate at least 10
mm but not more than 75 mm from the edge.

B For circles, the over thickness tolerances in this table apply to the diameter of
the circle corresponding to the width ranges shown. For plates of irregular shape,
the over thickness tolerances apply to the greatest width corresponding to the
width ranges shown. For plates up to 250 mm, incl, in thickness, the tolerance
under the specified thickness is 0.30 mm.

TABLE A3.18 Permitted Variations in Width for Hot-Rolled
Rectangular Sheared Plate Mill Plates (Quarto Plates)

Specified Width (w ), mm Tolerances, over and under, mm
w < 2000 +15, −0

2000 # w < 3000 +20, −0
w $ 3000 +25, −0

TABLE A3.19 Permitted Variations in Length for Hot-Rolled
Sheared Rectangular Plate Mill Plates (Quarto Plates)

Nominal Length (L), mm Tolerances, Over and Under, mm
L < 4000 +20, −0

4000 # L < 6000 +30, −0
6000 # L < 8000 +40, −0
8000 # L < 10 000 +50, −0

10 000 # L < 15 000 +75, −0
15 000 # L < 20 000 +100, −0
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TABLE A3.20 Permitted Variations in Flatness of Plate Mill Plate
(Quarto Plate)

NOTE 1—Tolerances in this table apply to any length, not necessarily
the rolling direction, up to 36 in. [914 mm] and to any 36 in. [914 mm] of
longer lengths in the plane of the plate measured while the plate rests on
a flat surface with the concavity of the curvature upward.

NOTE 2—If the longer dimension is under 36 in. [914 mm], the
tolerance is not greater than1⁄4 in. [6.4 mm].

NOTE 3—For plates with specified minimum yield strengths of 35 ksi
[240 MPa] or more, the permitted variations are increased to 11⁄2 times the
amounts shown.

NOTE 4—For specified thicknesses other than those shown, the toler-
ances for the next higher thickness shall apply.

Specified Thickness (t ), in. [mm] Flatness Tolerance for Thicknesses
Given, in. [mm]

5 0.40 [10]
10 3⁄8 [9.5]
15 5⁄16 [7.9]
20 5⁄16 [7.9]
25 5⁄16 [7.9]
50 1⁄4 [6.4]

150 1⁄4 [6.4]
>150 1⁄4 [6.4]

TABLE A3.21 Cold-Rolled Products, Processed Without Coiling

Tolerances for cold-rolled products processed without coiling shall be identical
to the tolerances for hot-rolled products processed without coiling as listed in
Table A3.17, unless otherwise agreed upon by seller and purchaser and
specified in the purchase order.

TABLE A3.22 Permitted Variations in Width and Length for Hot-
Rolled and Cold-Rolled Resquared Coil-Processed Product

(Stretcher Leveled Standard of Flatness)

NOTE 1—Polished sheets with Finishes No. 4 and higher are produced
to tolerances given in this table.

Specified Dimensions, mm
Width and Length

Tolerance, mm

Thickness Width Length Over Under

Under 3.30 Up to 1200 Up to 3000 2 0
1200 and over 3000 and over 3 0

3.30 and over All All 7 0

TABLE A3.23 Permitted Variations in Abrasive Cutting Width and
Length for Plates

Specified Thickness, [mm]
Tolerance over Specified Width and Length,A mm

Width Length

Up to 25, incl 3.2 3.2
25 to 50, incl 4.8 4.8
50 to 75, incl 6.4 6.4
75 to 100, inclB 7.9 7.9

A The tolerances under specified width and length are 3.2 mm.
B Width and length tolerances for abrasive cut plates over 100 mm thick are not

included in the table; consult producer.

TABLE A3.24 Permitted Variations in Diameter for Hot-Rolled and
Cold-Rolled Coil-Processed Product as Sheared Circles

Tolerance Over Specified Diameter
(No Tolerance Under), mm

Specified Thickness,
mm

Diameters
Under 600

Diameters 600
to 1200 incl

Diameters
Over 1200

Under 1.50 2 3 5
1.50 to 2.50 excl 3 4 6
2.50 and thicker 4 5 7

TABLE A3.25 Permitted Variations in Diameter for Circular Plates
Taken From Hot-Rolled Product Processed With or Without

Coiling

NOTE 1—For specific diameters other than those shown, the tolerance
for the next higher diameter shall apply.

Tolerance Over Specified Diameter for Given Diameter
and Thickness,A mm

Specified Diameter, mm Thickness of Plate

To 10, excl 10 to 15, excl 15 and over

1500 and under 7 10 13
2100 8 13 16
2700 10 11 15
4500 11 15 18

A No tolerance under.

TABLE A3.26 Torch Cutting Tolerances A and Recommended
Cleanup Allowance for Rectangular Plates, Circles, Rings, and

Sketches

Specified Thickness, mm

Tolerance, mm
Cleanup

AllowanceB

Outside
Diameter

Inside
Diameter

Per Edge,
mm

51 and under +10, –0 –10, +0 66
Over 51 to 76 incl +13, –0 –13, +0 610
Over 76 to 152 incl +19, –0 –19, +0 613

A Tolerances to apply unless otherwise agreed. Note that for some applications
user may wish to specify minus rather than plus tolerance or vice versa.

B Recommended cleanup allowance which, unless otherwise specified, will be
applied by supplier to purchasers ordered size.

TABLE A3.27 Permitted Variations in Weight for Hot-Rolled and
Cold-Rolled Sheets

Any item of five sheets or less, and
estimated to weigh 100 kg or less,
may actually weigh 10 % over the
theoretical weight

weigh 100 kg or less

Any item of more than five sheets and
estimated to weigh more than 100 kg,
may actually weigh 7 1⁄2 % over the
theoretical weight

weigh more than 100 kg

Chromium-manganese-nickel 7.82 kg/m2/mm thick
Chromium-nickel 8.07 kg/m2/mm thick
Chromium 7.92 kg/m2/mm thick
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A4. REQUIREMENTS FOR THE INTRODUCTION OF NEW MATERIALS

A4.1 New materials may be proposed for inclusion in
specifications referencing this specification subject to the
following conditions:

A4.1.1 Application for the addition of a new grade to a
specification shall be made to the Chairman of the subcommit-
tee which has jurisdiction over that specification.

A4.1.2 The application shall be accompanied by a statement
from at least one user indicating that there is a need for the new
grade to be included in the applicable specification.

A4.1.3 The application shall be accompanied by test data as
required by the applicable specification. Test data from a
minimum of three test lots, as defined by the specification, each
from a different heat, shall be furnished.

A4.1.4 The application shall provide recommendations for
all requirements appearing in the applicable specification.

A4.1.5 The application shall state whether the new grade is
covered by patent.

SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue, A 480/A 480M – 03c, that
may impact the use of this standard. (Approved March 1, 2004).

(1) Added heat treatment requirements for S32053 in Table
A1.2.
(2) Added heat treatment requirements for S31727 in Table
A1.2.

(3) Added heat treatment requirements for S32506 in Table
A1.2.
(4) Added heat treatment requirement for S39274 in Table
A1.2.

TABLE A3.28 Permitted Variations in Camber for Cold-Rolled
Narrow Coil-Processed Product in Coils and Cut Lengths A

Specified Width, mm Tolerance Per Unit Length Of Any 2400 mm

To 40, incl 13
Over 40 to 600, incl 7

A Camber is the deviation of a side edge from a straight line and measurement
is taken by placing a 2400-mm straightedge on the concave side and measuring
the greatest distance between the strip edge and the straightedge.

TABLE A3.29 Permitted Variations in Camber for Hot-Rolled and
Cold-Rolled Wide Coil-Processed Product as Cut Lengths Not
Resquared and Cold-Rolled Wide Coil-Processed Product as

Coils A

Specified Width, mm Tolerance per Unit Length of Any 2400 mm, mm

600 to 900, excl 4
900 and over 3

A Camber is the greatest deviation of a side edge from a straight line and
measurement is taken by placing an 8-ft [2438-mm] straightedge on the concave
side and measuring the greatest distance between the sheet edge and the
straightedge.
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Committee A01 has identified the location of selected changes to this standard since the last issue, A 480/A 480M – 03b, that
may impact the use of this standard. (Approved Oct. 1, 2003).

(1) Added UNS S31060 to Table A1.2.

Committee A01 has identified the location of selected changes to this standard since the last issue, A 480/A 480M – 03a, that
may impact the use of this standard. (Approved May 10, 2003.)

(1) Added UNS S31277 to Table A1.2.

Committee A01 has identified the location of selected changes to this standard since the last issue, A 480/A 480M – 03, that
may impact the use of this standard. (Approved April 10, 2003.)

(1) Added UNS S32906 and UNS S32101 to Table A1.2.
(2) Revised Sections 1.3, 9.1, A2.1, and A3.1 to require use

of Annex A3 for A 480M when specified.

Committee A01 has identified the location of selected changes to this standard since the last issue, A 480/A 480M – 02, that
may impact the use of this standard. (Approved February 10, 2003.)

(1) Added heat treatment requirements for S32003 in Table
A1.2.

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).
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1. Scope*

1.1 This specification2 covers general requirements that shall apply to wrought stainless steel bars, shapes, forgings, and billets
or other semi-finished material (except wire) for forging, under the latest revision of each of the following ASTM specifications:
A 276, A 314, A 458, A 473, A 477, A 479/A 479M, A 564/A 564M, A 565, A 582/A 582M, A 638/A 638M, A 705/A 705M, and
A 831/A 831M.

1.2 In the case of conflict between a requirement of a product specification and a requirement of this specification, the product
specification shall prevail. In the case of conflict between a requirement of the product specification or a requirement of this
specification and a more stringent requirement of the purchase order, the purchase order shall prevail. The purchase order
requirements shall not take precedence if they, in any way, violate the requirements of the product specification or this
specification; for example, by waiving a test requirement or by making a test requirement less stringent.

1.3 The requirements for introduction of new materials in specifications referencing this specification are given in Annex A1.
1.4 General requirements for flat-rolled stainless steel products other than bar are covered in Specification A 480/A 480M.
1.5 General requirements for wire products in coils are covered in Specification A 555/A 555M.
1.6 The values stated in either inch-pound units or SI (metric) units are to be regarded separately as the standard; within the

text and tables, the SI units are shown in [brackets]. The values stated in each system are not exact equivalents; therefore, each
system must be used independently of the other. Combining values from the two systems may result in nonconformance with the
specification.

1.7 Unless the order specifies an “M” designation, the material shall be furnished to inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:
A 262 Practices for Detecting Susceptibility to Intergranular Attack in Austenitic Stainless Steels3

A 276 Specification for Stainless Steel Bars and Shapes3

A 314 Specification for Stainless Steel Billets and Bars for Forging3

A 370 Test Methods and Definitions for Mechanical Testing of Steel Products3

A 458 Specification for Hot-Worked, Hot-Cold-Worked, and Cold-Worked Alloy Steel Bars for High Strength at Elevated
Temperature4

A 473 Specification for Stainless Steel Forgings3

A 479/A 479M Specification for Stainless Steel Bars and Shapes for Use in Boilers and Other Pressure Vessels3

A 480/A 480M Specification for General Requirements for Flat-Rolled Stainless and Heat-Resisting Steel Plate, Sheet, and
Strip3

A 555/A 555M Specification for General Requirements for Stainless and Heat-Resisting Steel Wire and Wire Rods3

A 564/A 564M Specification for Hot-Rolled and Cold-Finished Age-Hardening Stainless Steel Bars and Shapes3

A 565 Specification for Martensitic Stainless Steel Bars, Forgings, and Forging Stock for High-Temperature Service3

A 582/A 582M Specification for Free-Machining Stainless and Steel Bars3

A 638/A 638M Specification for Precipitation Hardening Iron Base Superalloy Bars, Forgings, and Forging Stock for
High-Temperature Service3

A 700 Practices for Packaging, Marking, and Loading Methods for Steel Products for Domestic Shipment5

A 705/A 705M Specification for Age-Hardening Stainless Steel Forgings3

A 751 Test Methods, Practices, and Terminology for Chemical Analysis of Steel Products3

A 831/A 831M Specification for Austenitic and Martensitic Stainless Steel Bars, Billets, and Forgings for Liquid Metal Cooled
Reactor Core Components3

E 112 Test Methods for Determining Average Grain Size6

E 139 Test Methods for Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of Metallic Materials6

2.2 Federal Standards:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)7

Fed Std. No. 183 Continuous Marking of Iron and Steel Products7

2.3 Military Standards:
MIL-STD-129 Marking for Shipment and Storage7

MIL-STD-163 Preservation of Steel Products for Shipment (Storage and Overseas Shipment)7

2.4 Other Standard:

2 For ASME Boiler and Pressure Vessel Code Applications, see related Specification SA-484/SA-484M in Section II of that code.
3 Annual Book of ASTM Standards, Vol 01.03.
4 Discontinued, see1991 Annual Book of ASTM Standards, Vol 01.05.
5 Annual Book of ASTM Standards, Vol 01.05.
6 Annual Book of ASTM Standards, Vol 03.01.
7 Available from Standardization Documents Order Desk, Bldg. 4, Section D, 700 Robbins Ave., Philadelphia, PA 19111–5094. Attn: NPODS.
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Primary Metals Bar Code Standard8

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 Bars, shapes, forgings, billets, or other semi-finished material used in this specification are defined as follows:
3.1.1.1 Bars, n—straight lengths that are produced by processing that includes hot deformation, such as rolling, forging, or

extrusion. The permitted cross-sections include round, rectangular, and complex shapes. Bar shall include shapes with all
dimensions under 5 in. [125 mm]. Bar shall include hot-rolled flats with width of 10 in. [250 mm] or less, and with thickness 0.125
in. [3.00 mm] or greater. Bar shall include flats with width of 10 in. [250 mm] or less, and with thickness 0.125 in. [3.00 mm] or
greater, cut from strip or plate provided that the long direction of the cut bar is parallel to the final rolling direction of the strip
or plate.

NOTE 1—All cold-reduced flat material with thickness less than 0.1875 in. [5.00 mm] and width 0.375 in. [9.50 mm] and over is classified as strip.

3.1.1.2 billets, n—semi-finished products, typically produced by rolling, forging, or continuous casting, that require subsequent
hot working by rolling, forging, or extrusion. Billets typically have a cross-section area of 36 in.2 or less (230 cm2) and shape that
is square or rectangular with width less than twice the thickness. Rectangular cross sections with width equal to or greater than
twice the thickness are classified as slabs or sheet bars.

3.1.1.3 blooms, n—semi-finished products, typically produced by rolling or continuous casting, that require subsequent hot
working by rolling or forging. Blooms typically have a cross section area of greater than 36 in.2 (230 cm2) and shape that is square
or rectangular with width less than twice the thickness. Rectangular cross sections with width equal to or greater than twice the
thickness are classified as slabs or sheet bars.

3.1.1.4 forgings, n— parts, including bars, billets, semi-finished products, or complex shapes, produced by hot mechanical
working using hammers, presses, or forging machines.

3.1.1.5 shapes, n—bar having a cross section other than circular, rectangular, or hexagonal.
3.1.1.6 slabs or sheet bars—products, typically produced by blooming, slabbing, or sheet bar mills or by continuous casting,

that are shipped without further hot working to be further processed into plate, sheet, or strip. It is permitted to heat treat, cut to
shape, or surface condition a slab or sheet bar.

3.1.2 The terms random lengths, multiple lengths, and dead or exact lengths are defined as follows:
3.1.2.1 dead lengths or exact lengths—bars, typically hot-sheared, hot-sawed, or machine-cut after machine-straightening,

meeting the permitted variations in length as listed in the tolerance tables of this specification.
3.1.2.2 multiple lengths— lengths that are specified as containing a predetermined number of units of length associated with

production of a particular part, commonly including an allowance of1⁄4 in. [6.5 mm] per unit for cutting to insure obtaining the
required number of pieces.

3.1.2.3 random lengths— a length range not less than 24 in. [1 m]; for example, 10 to 12 ft [3 to 4 m], 14 to 17 ft [4 to 5 m],
or 15 to 20 ft [5 to 6 m].

3.1.3 The terms condition and finish are defined as follows:
3.1.3.1 condition—identification of the final step or steps thermomechanical processing as required to describe the metallurgical

state of the material as delivered. Examples include hot-worked; hot-worked and annealed; hot-worked, annealed, and cold-worked
for increased mechanical properties; and hot-worked, quenched, and tempered.

3.1.3.2 finish—description of the surface finish and applicable dimensional tolerances of the product as delivered, most typically
by identification of the process applied to the product, and identification of the applicable category of product dimensional
tolerances. Examples of finishing operations include blasting, pickling, rough turning, machine straightening, centerless grinding,
polishing, and light cold drawing for surface finish but not for increased mechanical properties. See also 8.1.1 forhot-finishedbars
and 8.1.3 forcold-finishedbars.

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 to be considered include, but are not limited to, the following:

4.1.1 Quantity (weight or number of pieces).
4.1.2 Dimensions, including shape or form with diameter or width and thickness as applicable, length, and prints or sketches

as applicable.
4.1.3 Type or UNS designation.
4.1.4 ASTM specification designation and edition year if other than the latest edition
4.1.5 Condition.
4.1.6 Finish.
4.1.7 Supplementary Requirements when invoked.

8 Available from Automotive Industry Action Group, 26200 Lahser Rd., Ste 200, Southfield, MI 48034.
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4.1.8 Whether bars are to be rolled as bars or cut from strip or plate, when applicable.
4.1.9 Preparation for delivery.
4.1.10 Marking requirements.
4.1.11 Surface preparation, for shapes.
4.1.12 Special requirements.

NOTE 2—A typical ordering description is as follows: 5000 lb [2000 kg]; 1.000 in. [25 mm] round bar by 10 to 12 ft [3 to 4 m]; Type 304 or S30400;
Specification A 479 [A 479M]; annealed, centerless ground; plus optional requirements, such as special marking instructions.

5. Materials and Manufacture

5.1 The material shall be made by any process.
5.2 The material shall be furnished in one of the conditions detailed in the applicable product specification, for example,

hot-worked; hot-worked and annealed; hot-worked, annealed, and cold-worked; or hot-worked, annealed, and heat-treated.
5.3 The material shall be furnished in one of the finishes as detailed in Section 8 or further described in the applicable product

specification, for example, hot-finished or cold-finished.

6. Chemical Composition

6.1 Heat or Cast Analysis—The chemical analysis of each heat shall be determined in accordance with the applicable materials
specification and Test Methods, Practices, and Terminology A 751.

6.2 Product Analysis— When required, a product analysis shall be determined in accordance with Test Methods, Practices, and
Terminology A 751. The chemical composition thus determined shall conform to the tolerances shown in Table 1.

6.3 The steel shall not contain an unspecified element for the ordered grade to the extent that the steel conforms to the
requirements of another grade in the referencing product specification, and any of the product specifications within the scope of
this general requirements specification, for which that element has a specified minimum.

7. Heat Treatment

7.1 The heat treatments shown in this section are to be followed unless otherwise specified in the applicable product
specification.

7.2 Austenitic Grades:
7.2.1 Except for strain-hardened grades (see 7.2.5), and hot-rolled grades (see 7.2.6), all austenitic stainless steels shall be

furnished in the solution annealed condition in accordance with Table 2, with subsequent light cold drawing for cold finishing and
straightening permitted.

7.2.2 Except as indicated in Table 2, the austenitic grades shall be annealed, at the option of the manufacturer, by a separate
annealing treatment or by process annealing.

7.2.2.1 The separate annealing treatment shall consist of heating the material to the minimum annealing temperature for the
grade as listed in Table 2, holding for a sufficient time to permit grain boundary carbides to enter into solution, and cooling rapidly
enough to prevent unacceptable grain boundary carbide precipitation. Except as indicated in Table 2, austenitic stainless steels
solution annealed by a separate annealing treatment shall be capable of meeting the requirements of Practice E of Practices A 262.
Practice E of Practices A 262 is not required unless specified on the purchase order.

7.2.2.2 Process annealing shall consist of completing hot working above the minimum annealing temperature required for each
grade as indicated in Table 2, and cooling rapidly enough to prevent unacceptable grain boundary carbide precipitation. Except as
indicated in Table 2, austenitic stainless steels solution annealed by process annealing shall be capable of meeting the requirements
of Practice E of Practices A 262. Practice E of Practices A 262 is not required unless specified on the purchase order.

7.2.3 For the stabilized grades, Types 321, 321H, 347, 347H, 348, and 348H, the manufacturer is permitted, if necessary, to use
a lower temperature resolution anneal or a stabilization anneal after a high temperature anneal in order to maximize resistance to
intergranular corrosion.

NOTE 3—Solution annealing temperatures above 1950° F [1065° C] may impair the resistance to intergranular corrosion after subsequent exposure to
sensitizing conditions for the stabilized grades. When intergranular corrosion is of concern, the purchaser should specify Practice E of PracticesA 262
(to be conducted on specimens exposed to a sensitizing treatment). Consideration should be given to the corrosive media before using a stabilization
anneal at less than 1800° F [980° C], as such a treatment may not be fully effective for all media.

7.2.4 Strain-Hardened Austenitic Grades—When a particular austenitic grade is desired with increased mechanical properties,
the purchaser is permitted to specify a strain hardened condition. This condition is produced by solution annealing the product in
accordance with 7.2.1, followed by strain hardening sufficient to meet the required mechanical properties. The solution annealed
and strain hardened material shall be capable of meeting the intergranular corrosion test requirements of Practice E of Practices
A 262. Practice E of Practices A 262 is not required unless specified on the purchase order.

7.2.4.1 Individual product specifications are permitted to define particular strain hardened conditions as functions of grade, size,
and degree of strain hardening.

7.2.5 Hot-Rolled Austenitic Grades—Individual product specifications are permitted to define requirements for particular
hot-rolled austenitic grades without annealing.
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7.3 Austenitic-Ferritic (Duplex) Grades:
7.3.1 The austenitic-ferritic (duplex) grades shall be furnished in the solution annealed condition in accordance with Table 2,

with subsequent light cold drawing for cold finishing and straightening permitted.
7.4 Ferritic Grades— Ferritic grades shall be annealed to meet their respective mechanical testing requirements as shown in

the applicable product specification.
7.5 Martensitic Grades:
7.5.1 All martensitic grades shall be supplied in either the annealed condition or in the tempered condition as specified by the

purchaser. Tempered material shall be normalized, or shall be liquid quenched from 1700° F [925° C], minimum, followed by
tempering in accordance with 7.5.2, 7.5.3, or 7.5.4.

7.5.2 Types 403 and 410 tempered material shall be held at the tempering temperature for at least 1 h/in. (25.4 mm) of cross
section as follows:

7.5.2.1 Condition 1— 1250° F [675° C] minimum, 1400° F [760° C] maximum.
7.5.2.2 Condition 2— 1100° F [595° C] minimum, 1400° F [760° C] maximum.
7.5.2.3 Condition 3— 1050° F [565° C] minimum, 1400° F [760° C] maximum.

TABLE 1 Product Analysis Tolerances

NOTE 1—This table specifies tolerances over the maximum limits or under the minimum limits of the chemical requirements of the applicable material
specification (see 1.1); it does not apply to heat analysis.

Element
Upper Limit of Maximum of

Specified Range, %

Tolerances over the
Maximum (Upper

Limit) or Under the
Minimum (Lower

Limit)

Element
Upper Limit or Maximum of

Specified Range, %

Tolerances over the
Maximum (Upper

Limit) or Under the
Minimum (Lower

Limit)

Carbon to 0.010, incl 0.002 Cobalt over 0.05 to 0.50, incl 0.01
over 0.010 to 0.030, incl 0.005 over 0.50 to 2.00, incl 0.02
over 0.030 to 0.20, incl 0.01 over 2.00 to 5.00, incl 0.05
over 0.20 to 0.60, incl 0.02 over 5.00 to 10.00, incl 0.10
over 0.60 to 1.20, incl 0.03 over 10.00 to 15.00, incl 0.15

over 15.00 to 22.00, incl 0.20
over 22.00 to 30.00, incl 0.25

Manganese to 1.00, incl 0.03 Columbium + to 1.50, incl 0.05
over 1.00 to 3.00, incl 0.04 tantalum over 1.50 to 5.00, incl 0.10
over 3.00 to 6.00, incl 0.05 over 5.00 0.15
over 6.00 to 10.00, incl 0.06
over 10.00 to 15.00, incl 0.10
over 15.00 to 20.00, incl 0.15

Phosphorus to 0.040, incl
over 0.040 to 0.20, incl

0.005
0.010

Tantalum to 0.10, incl 0.02

Sulfur to 0.040, incl 0.005 Copper to 0.50, incl 0.03
over 0.040 to 0.20, incl 0.010 over 0.50 to 1.00, incl 0.05
over 0.20 to 0.50, incl 0.020 over 1.00 to 3.00, incl 0.10

over 3.00 to 5.00, incl 0.15
over 5.00 to 10.00, incl 0.20

Silicon to 1.00, incl 0.05 Aluminum to 0.15, incl −0.005
over 1.00 to 3.00, incl 0.10 +0.01
over 3.00 to 6.00 incl. 0.15 over 0.15 to 0.50, incl 0.05

over 0.50 to 2.00, incl 0.10
over 2.00 to 5.00, incl 0.20
over 5.00 to 10.00, incl 0.35

Chromium over 4.00 to 10.00, incl 0.10 Nitrogen to 0.02, incl 0.005
over 10.00 to 15.00, incl 0.15 over 0.02 to 0.19, incl 0.01
over 15.00 to 20.00, incl 0.20 over 0.19 to 0.25, incl 0.02
over 20.00 to 30.00, incl 0.25 over 0.25 to 0.35, incl 0.03

over 0.35 to 0.45, incl 0.04
over 0.45 0.05

Nickel to 1.00, incl 0.03 Tungsten to 1.00, incl 0.03
over 1.00 to 5.00, incl 0.07 over 1.00 to 2.00, incl 0.05
over 5.00 to 10.00, incl 0.10 over 2.00 to 5.00, incl 0.07
over 10.00 to 20.00, incl 0.15 over 5.00 to 10.00, incl 0.10
over 20.00 to 30.00, incl 0.20 over 10.00 to 20.00, incl 0.15
over 30.00 to 40.00, incl 0.25
over 40.00 0.30

Molybdenum over 0.20 to 0.60, incl
over 0.60 to 2.00, incl
over 2.00 to 7.00, incl
over 7.00 to 15.00, incl
over 15.00 to 30.00, incl

0.03
0.05
0.10
0.15
0.20

Vanadium to 0.50, incl
over 0.50 to 1.50, incl

0.03
0.05

Titanium to 1.00, incl
over 1.00 to 3.00, incl
over 3.00

0.05
0.07
0.10

Selenium all 0.03
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7.5.3 Types XM-30, 414, and 431 tempered materials shall be held at 1100° F [595° C], minimum for at least 1 h/in. [25 mm]
of cross section. Maximum tempering temperature shall be 1400° F [760° C].

7.5.4 S41500 shall be heated to 1750°F [955°C] minimum, air cooled to 200°F [95°C] or lower prior to any optional
intermediate temper and prior to the final temper. The final temper shall be between 1050°F [565°C] and 1150°F [620°C].

7.5.5 When the purchaser elects to perform the hardening and tempering heat treatment, martensitic materials shall be supplied
by the manufacturer in the annealed condition (see 7.5.1). In this case the purchaser shall be responsible to apply the proper heat
treatment and to conduct the tests deemed necessary to assure that the required properties are obtained.

8. Finish

8.1 The following types of finishes are permitted, as applicable to the product ordered:

TABLE 2 Annealing Requirements

Designation/Type TemperatureA Cooling/Testing
Requirements

Permitted AnnealingAB

Separate Process

Austenitic (Chromium-Nickel) (Chromium-Nickel-Manganese)
All austenitic grades except as listed below 1900°F [1040°C] min AB x xC

All austenitic grades except as listed below 1900°F [1040°C] AC x xD

All Cr-Ni-Mn grades,
302, S30215, S30452, S30600, S30615, 308,
S30815, S30880, 309, 309S, 310, 310S, 314,
317, S31725, S31726, S32615, S38100

1900°F [1040°C] min BD x xC

All Cr-Ni-Mn grades,
302, S30215, S30452, S30600, S30615, 308,
S30815, S30880, 309, 309S, 310, 310S, 314,
317, S31725, S31726, S32615, S38100

1900°F [1040°C] BE x xD

309Cb, 310Cb, 316Cb, 316Ti, 321, 347, 348 1900°F [1040°C] min BD x
309Cb, 310Cb, 316Cb, 316Ti, 321, 347, 348 1900°F [1040°C] BE x
304H, 309H, 310H, 316H 1900°F [1040°C] min B x
304H, 309H, 310H, 316H 1900°F [1040°C] B x
321H, 347H, 348H

Hot-worked 1925°F [1050°C] min B x
Hot-worked 1925°F [1050°C] B x
Cold-worked 2000°F [1095°C] min B x
Cold-worked 2000°F [1095°C] B x

S31254, S32050 2100°F [1150°C] min B x
S31254, S32050 2100°F [1150°C] B x
S33228 2050° to 2140°F [1120° to 1170°C] B x
S34565 2050° to 2140°F [1120° to 1170°C] B x
S35315 2010°F [1100°C] min B x
S35315 2010°F [1100°C] B x
N08367 2025°F [1105°C] min B x
N08367 2025°F [1105°C] B x

Austenitic-Ferritic (Duplex)
S32100 1900°F [1040°C] min B x
S32100 1900°F [1040°C] B x
S31260 1870° to 2010°F [1020° to 1100°C] B x
S31803 1900°F [1040°C] min B x
S31803 1900°F [1040°C] B x
S32101 1870°F [1020°C] BD x
S32101 1870°F [1020°C] BE x
S32205 1900°F [1040°C] min CE x
S32205 1900°F [1040°C] CF x
S32304 1800°F [980°C] min BD x
S32304 1800°F [980°C] BE x
S32550 1900°F [1040°C] min BD x
S32550 1900°F [1040°C] BE x
S32750 1880° to 2060°F [1025° to 1125°C] BD x
S32750 1880° to 2060°F [1025° to 1125°C] BE x
S32760 2010°F [1100°C] min BD x
S32760 2010°F [1100°C] BE x
S32900 1750° 6 25°F [955°6 15°C] BD x
S32900 1750° 6 25°F [955°6 15°C] BE x
S32950 1850° 6 25°F [1010°6 15°C] BD x
S32950 1850° 6 25°F [1010°6 15°C] BE x

A Permitted annealing procedure, see 7.2.2.
B Quenched in water or rapidly cooled by other means at a rate sufficient to prevent reprecipitation of carbides, as demonstrable by the capability of passing

Practice E of Practices A 262. Performance of the test is not required unless specified in the purchase order.
C Minimum temperature at which hot rolling is completed shall be 1850° F [1010° C].

Practice E of Practices A 262. Performance of the test is not required unless specified in the purchase order.
D Quenched in water or rapidly cooled by other means.
E Quenched in water or rapidly cooled by other means.
F Quenched in water.
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8.1.1 Hot-Finished Bars—Hot-finished bars shall have the surface finish that results from hot processing, with or without certain
additional surface modification. Hot-finished bars are commonly produced by hot rolling, forging, pressing, extruding, or similar
hot working procedures applied to ingots, blooms, or billets. The resulting products are typically subject to various additional
operations affecting the surface of the bars, including but not limited to one or more of the following: annealing or other heat
treatment; cleaning by blasting, pickling, or other descaling methods; rough turning; and machine straightening. The producer is
permitted to use centerless grinding, polishing, or other operations commonly associated with cold finishing in order to provide
improved dimensional tolerances or surface condition for the hot-finished bar. The dimensional tolerances applicable to
hot-finished bars are less stringent than those applicable to cold-finished bars.

8.1.2 Bars Cut from Strip or Plate—Bars cut from flat-rolled stainless steel products shall have two surfaces that are pickled
or descaled, and two cut surfaces, except when the bar is heat treated subsequent to cutting, in which case all surfaces shall be
descaled or pickled.

8.1.3 Cold-Finished Bar—Cold-finished bars shall have the surface finish that results from hot-finished bars being further
processed by additional mechanical operations on the surface of the bar, including but not limited to light cold drawing, burnishing,
centerless grinding, and polishing to provide closer tolerances and improved surface finish. The dimensional tolerances applicable
to cold-finished bars are more stringent than those applicable to hot-finished bars.

8.1.4 Bars and Billets or Other Semi-Finished Material for Reforging—Material intended for reforging shall be delivered in the
hot-finished condition. It is permitted to condition the surface by removing surface defects provided that the depth of the
conditioning does not exceed that which affects the surface condition or dimensions of the article to be forged from the bar or billet.

8.1.5 Shapes—Shapes shall be descaled by machining, grinding, blasting, or pickling.
8.1.5.1 Shapes shall be subject to either Class A or Class C surface preparation as specified on the purchase order. Class A

consists of grinding for the removal of imperfections of a hazardous nature, such as fins, tears, and jagged edges, provided the
underweight tolerance is not exceeded and the maximum depth of grinding at any one point does not exceed 10 % of the thickness
of the section. Class C consists of grinding for the removal of all visible surface imperfections, provided that the underweight
tolerance is not exceeded and the maximum depth of grinding at any point does not exceed 10 % of the thickness of the section.

8.1.6 Forgings—Forgings shall be descaled by machining, blasting, or pickling. The selection of the descaling methods shall
be at the option of the producer unless a particular descaling method is specified in the purchase order.

9. Dimensions, Mass, and Permissible Variations

9.1 Unless otherwise specified on the purchase order, the material shall conform to the permitted variations in dimensions as
specified in the following:

9.1.1 Bars—Tables 3-12.
9.1.2 Shapes—Tables 13-19 and Figs. 1 and 2.
9.1.3 Forgings—As specified in the purchase order, or in prints or sketches accompanying the purchase order.
9.1.4 Billets or Other Semi-Finished Material for Reforging—Billets and other semi-finished material shall conform to the

shape and dimensions specified by the purchaser within a permitted variation of65 %.

TABLE 3 Permitted Variations in Size of Hot-Finished Round, Turned, A and Square Bars

Specified Size, in. [mm]

Permitted Variations from Specified Size,
in. [mm] Out-of-RoundB or

Out-of-Square,C in. [mm]
Over Under

5⁄16 to 7⁄16 [8.00 to 11.00], inclD 0.006 [0.15] 0.006 [0.15] 0.009 [0.23]
Over 7⁄16 to 5⁄8 [11.00 to 15.50], inclD 0.007 [0.18] 0.007 [0.18] 0.010 [0.26]
Over 5⁄8 to 7⁄8 [15.50 to 22.00], incl 0.008 [0.20] 0.008 [0.20] 0.012 [0.30]
Over 7⁄8 to 1 [22.00 to 25.00], incl 0.009 [0.23] 0.009 [0.23] 0.013 [0.34]
Over 1 to 11⁄8 [25.00 to 28.00], incl 0.010 [0.25] 0.010 [0.25] 0.015 [0.38]
Over 11⁄8 to 11⁄4 [28.00 to 31.50], incl 0.011 [0.28] 0.011 [0.28] 0.016 [0.42]
Over 11⁄4 to 13⁄8 [31.50 to 34.50], incl 0.012 [0.30] 0.012 [0.30] 0.018 [0.46]
Over 13⁄8 to 11⁄2 [34.50 to 38.00], incl 0.014 [0.35] 0.014 [0.35] 0.021 [0.53]
Over 11⁄2 to 2 [38.00 to 50.00], incl 1⁄64 [0.40] 1⁄64 [0.40] 0.023 [0.60]
Over 2 to 21⁄2 [50.00 to 63.00], incl 1⁄32 [0.80] 0 0.023 [0.60]
Over 21⁄2 to 31⁄2 [63.00 to 90.00], incl 3⁄64 [1.20] 0 0.035 [0.90]
Over 31⁄2 to 41⁄2 [90.00 to 115.00], incl 1⁄16 [1.60] 0 0.046 [1.20]
Over 41⁄2 to 51⁄2 [115.00 to 140.00], incl 5⁄64 [2.00] 0 0.058 [1.50]
Over 51⁄2 to 61⁄2 [140.00 to 165.00], incl 1⁄8 [3.00] 0 0.070 [1.80]
Over 61⁄2 to 8 [165.00 to 200.00], incl 5⁄32 [4.00] 0 0.085 [2.20]
Over 8 to 12 [200.00 to 300.00], inclA 3⁄16 [4.80] 0 3⁄32 [2.40]
Over 12 to 15 [300.00 to 400.00], inclA 7⁄32 [5.50] 0 7⁄64 [2.80]
Over 15 to 25 [400.00 to 625.00], inclA 1⁄4 [6.50] 0 1⁄8 [3.20]

A Turned bars are generally available from 2 to 25 in. [50 to 625 mm] in diameter, over 8 in. [200 mm] only turned bars are available.
B Out-of-round is the difference between the maximum and minimum diameters of the bar measured at the same cross section.
C Out-of-square section is the difference in the two dimensions at the same cross section of a square bar, each dimension being the distance between opposite faces.
D Size tolerances have not been evolved for round sections in the size range of 5⁄16 in. [8.00 mm] to approximately 5⁄8 in. [15.5 mm] in diameter which are produced on

rod mills in coils.
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10. Workmanship, Finish and Appearance

10.1 The material shall be of uniform quality consistent with good manufacturing and inspection practices. Imperfections shall
be of such a nature or degree for the type and quality ordered, that they shall not adversely affect the forming, machining, or
fabrication of finished parts.

TABLE 4 Permitted Variations in Size of Hot-Finished Hexagonal and Octagonal Bar

Specified Sizes Measured Between Opposite
Sides, in. [mm]

Permitted Variations from Specified Size,
in. [mm]

Maximum Difference in 3
Measurements for Hexagons

Only, in. [mm]Over Under

1⁄4 to 1⁄2 [6.50 to 13.00], incl 0.007 [0.18] 0.007 [0.18] 0.011 [0.28]
Over 1⁄2 to 1 [13.00 to 25.00], incl 0.010 [0.25] 0.010 [0.25] 0.015 [0.38]

Over 1 to 11⁄2 [25.00 to 38.00], incl 0.021 [0.53] 0.021 [0.53] 0.025 [0.64]
Over 11⁄2 to 2 [38.00 to 50.00], incl 1⁄32 [0.80] 1⁄32 [0.80] 1⁄32 [0.80]
Over 2 to 21⁄2 [50.00 to 63.00], incl 3⁄64 [1.20] 3⁄64 [1.20] 3⁄64 [1.20]

Over 21⁄2 to 31⁄2 [63.00 to 90.00], incl 1⁄16 [1.60] 1⁄16 [1.60] 1⁄16 [1.60]

TABLE 5 Permitted Variations in Thickness and Width for Hot-Finished Flat Bars Rolled as Bars

Specified Width,
in. [mm]

Permitted Variations in Thickness for Thicknesses Given, in. [mm] Permitted
Variations in

Width, in,
[mm]

1⁄8 to 1⁄2
[3.2 to 13], incl

Over 1⁄2 to 1
[13 to 25], incl

Over 1 to 2
[25 to 50], incl

Over 2 to 4
[50 to 100], incl

Over 4 to 6
[100 to 150], incl

Over 6 to 8
[150 to 200], incl

Over Under Over Under Over Under Over Under Over Under Over Under Over Under

To 1 [25.00], incl 0.008
[0.20]

0.008
[0.20]

0.010
[0.25]

0.010
[0.25]

. . . . . . . . . . . . . . . . . . . . . . . . 0.015
[0.40]

0.015
[0.40]

Over 1 to 2 [25.00 to
50.00], incl

0.012
[0.30]

0.012
[0.30]

0.015
[0.40]

0.015
[0.40]

0.031
[0.80]

0.031
[0.80]

. . . . . . . . . . . . . . . . . . 0.031
[0.80]

0.031
[0.80]

Over 2 to 4 [50.00 to
100.00], incl

0.015
[0.40]

0.015
[0.40]

0.020
[0.50]

0.020
[0.50]

0.031
[0.80]

0.031
[0.80]

0.062
[1.60]

0.031
[0.80]

. . . . . . . . . . . . 0.062
[1.60]

0.031
[0.80]

Over 4 to 6 [100.00 to
150.00], incl

0.015
[0.40]

0.015
[0.40]

0.020
[0.50]

0.020
[0.50]

0.031
[0.80]

0.031
[0.80]

0.062
[1.60]

0.031
[0.80]

0.093
[2.40]

0.062
[1.60]

. . . . . . 0.093
[2.40]

0.062
[1.60]

Over 6 to 8 [150.00 to
200.00], incl

0.016
[0.40]

0.016
[0.40]

0.025
[0.65]

0.025
[0.65]

0.031
[0.80]

0.031
[0.80]

0.062
[1.60]

0.031
[0.80]

0.093
[2.40]

0.062
[1.60]

0.125
[3.20]

0.156
[4.00]

0.125
[3.20]

0.156
[4.00]

Over 8 to 10 [200.00 to
250.00], incl

0.020
[0.50]

0.020
[0.50]

0.031
[0.80]

0.031
[0.80]

0.031
[0.80]

0.031
[0.80]

0.062
[1.60]

0.031
[0.80]

0.093
[2.40]

0.062
[1.60]

0.125
[3.20]

0.156
[4.00]

0.156
[4.00]

0.187
[4.80]

TABLE 6 Permitted Variations in Dimensions for Flat Bars Cut from Strip or Plate

Order Thickness

Permitted Variation in
Thickness, in. [mm]

Permitted VariationA in Width
Permitted Variation in

LengthB

Over Under
Widths to 4 [100] Widths Over 4 [100]

Over Under
Over Under Over Under

Over 0.114 to 0.130 [2.90 to 3.30],
incl

0.010
[0.25]

0.010
[0.25]

0.094
[2.40]

0.031
[0.80]

0.094
[2.40]

0.094
[2.40]

0.188
[4.80]

0
0

Over 0.130 to 0.145 [3.30 to 3.70],
incl

0.012
[0.30]

0.012
[0.30]

0.094
[2.40]

0.031
[0.80]

0.094
[2.40]

0.094
[2.40]

0.188
[4.80]

0
0

Over 0.145 to less than 3⁄16 , [3.70
to 4.80]

0.014
[0.35]

0.014
[0.35]

0.094
[2.40]

0.031
[0.80]

0.094
[2.40]

0.094
[2.40]

0.188
[4.80]

0
0

3⁄16 to 3⁄8 [4.80 to 9.00], excl 0.050
[1.25]

0.010
[0.25]

0.094
[2.40]

0.031
[0.80]

0.094
[2.40]

0.094
[2.40]

0.188
[4.80]

0
0

3⁄8 to 3⁄4 [9.00 to 19.00], excl 0.060
[1.50]

0.010
[0.25]

0.094
[2.40]

0.031
[0.80]

0.094
[2.40]

0.094
[2.40]

0.188
[4.80]

0
0

3⁄4 to 1 [19.00 to 25.00], excl 0.065
[1.65]

0.010
[0.25]

0.094
[2.40]

0.031
[0.80]

0.094
[2.40]

0.094
[2.40]

0.188
[4.80]

0
0

1 to 2 [25.00 to 50.00], excl 0.075
[1.90]

0.010
[0.25]

0.094
[2.40]

0.031
[0.80]

0.094
[2.40]

0.094
[2.40]

0.188
[4.80]

0
0

2 to 3 [50.00 to 75.00], excl 0.150
[3.80]

0.010
[0.25]

0.125
[3.00]

0.062
[1.60]

0.125
[3.00]

0.125
[3.00]

0.250
[6.50]

0
0

3 to 4 [75.00 to 100.00], excl 0.210
[5.30]

0.010
[0.25]

0.125
[3.00]

0.062
[1.60]

0.125
[3.00]

0.125
[3.00]

0.250
[6.50]

0
0

4 to 6 [100.00 to 150.00], excl 0.300
[7.60]

0.010
[0.25]

0.125
[3.00]

0.062
[1.60]

0.125
[3.00]

0.125
[3.00]

0.250
[6.50]

0
0

6 to 8 [150.00 to 200.00], excl 0.420
[10.65]

0.010
[0.25]

0.125
[3.00]

0.062
[1.60]

0.125
[3.00]

0.125
[3.00]

0.250
[6.50]

0
0

8 to 10 [200.00 to 250.00], excl 0.540
[13.70]

0.010
[0.25]

0.125
[3.00]

0.062
[1.60]

0.125
[3.00]

0.125
[3.00]

0.250
[6.50]

0
0

A By agreement between purchaser and seller, tolerances can be shifted as desired to any combination of plus-minus tolerance between all minus and all plus.
B Not applicable when bars are ordered random length.
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11. Sampling

11.1 A lot for product analysis shall consist of all bars, shapes, or forgings made from the same heat.
11.2 For other tests required by the product specification, a lot shall consist of all bar products of the same size, or forgings

weighing less than 1000 lb [500 kg] each, from the same heat, and produced under the same processing conditions. All austenitic,
ferritic, austenitic-ferritic, and free-machining grades, martensitic grades annealed to Condition A, and precipitation or
age-hardening grades when solution treated are permitted to be heat treated in the same furnace or in several furnaces utilizing
controlled processing and equipment (see Appendix X1). When heat treating martensitic stainless steels to Condition T or H, and
when age hardening the precipitation hardening grades, a lot shall consist of the same size, same heat, and the same heat treat
charge in a batch-type furnace or under the same conditions in a continuous furnace.

11.2.1 For forgings weighing from 1000 lb [500 kg] to 5000 lb [2500 kg] each, a lot shall consist of one size classification from
each heat and each heat-treating charge. Where continuous heat-treating furnaces are used, a lot shall consist of one size
classification from each heat, heated in a period of 8 h or less.

11.2.2 For all classes of forgings weighing from 5000 to 7000 lb [2300 to 3200 kg], each unit shall be considered a lot.
11.2.3 For all classes of forgings weighing more than 7000 lb [3200 kg], each unit shall be considered a double lot, and two

tension tests shall be required, one from each end of each forging. In the case of ring forgings, the tension test specimens shall
be removed from each of two locations on the periphery, approximately 180° apart, and insofar as practicable, from opposite ends
of the forging.

12. Number of Tests and Retests

12.1 Unless otherwise specified in the product specification, one sample per heat shall be selected for chemical analysis and one
mechanical test sample shall be selected from each lot of bars and shapes and from each lot of forgings. Except for bars cut from
strip or plate, tension tests of bars and shapes shall be made in the longitudinal direction. Testing for bars cut from strip or plate
shall conform to the requirements of the applicable product specification for the strip or plate and to Specification A 480/A 480M.
Hardness tests on bars shall be conducted midway between the center and surface of the product. Tension tests on forgings shall
be prepared from suitable prolongations, or at the option of the supplier, excess forgings may be provided for test. All tests shall
conform to the chemical and mechanical requirements of the product specification.

TABLE 7 Permitted Variations in Size of Cold-Finished
Round Bars

Specified Size, in. [mm]

Permitted Variations from Specified
Size, in. [mm]A,B

Over Under

1⁄16 to 5⁄16 [1.50 to 8.00], excl 0.001 [0.03] 0.001 [0.03]
5⁄16 to 1⁄2 [8.00 to 13.00], excl 0.0015 [0.04] 0.0015 [0.04]
1⁄2 to 1 [13.00 to 25.00], excl 0.002 [0.05] 0.002 [0.05]
1 to 11⁄2 [25.00 to 38.00], excl 0.0025 [0.06] 0.0025 [0.06]
11⁄2 to 4 [38.00 to 100.00], inclC 0.003 [0.08] 0.003 [0.08]

A Unless otherwise specified, size tolerances are over and under as shown in
the above table. When required, however, they may be specified all over and
nothing under, or all under and nothing over, or any combination of over and under,
if the total spread in size tolerance for a specified size is not less than the total
spread shown in the table.

B When it is necessary to heat treat or heat treat and pickle after cold finishing,
size tolerances are double those shown in the table.

C Cold-finished bars over 4 in. [100 mm] in diameter are produced; size
tolerances for such bars are not included herein.

TABLE 8 Permitted Variations in Size of Cold Finished
Hexagonal, Octagonal, and Square Bars

Specified Size,Ain. [mm]

Permitted Variations from
Specified Size,

in. [mm]B

Over Under

1⁄8 to 5⁄16 [3.00 to 8.00], excl 0 0.002 [0.05]
5⁄16 to 1⁄2 [8.00 to 13.00], excl 0 0.003 [0.08]
1⁄2 to 1 [13.00 to 25.00], incl 0 0.004 [0.10]
Over 1 to 2 [25.00 to 50.00], incl 0 0.006 [0.15]
Over 2 to 3 [50.00 to 75.00], incl 0 0.008 [0.20]
Over 3 [75.00] 0 0.010 [0.25]

A Distance across flats.
B When it is necessary to heat treat or heat treat and pickle after cold finishing,

size tolerances are double those shown in the table.
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12.2 One intergranular corrosion test, when required, and one grain size test, when required shall be made on each lot. Often,
it is convenient to obtain test material from the specimen selected for mechanical testing.

12.3 If any test specimen shows defective machining or flaws, it is permitted to discard the specimen and to substitute another
specimen.

12.4 If the results of any test are not in conformance with the requirements of this specification or the requirements of the
applicable product specification, it is permitted to retest a new sample of two specimens, to replace the original failed sample. If
one of the retest specimens fails, the lot shall be rejected.

13. Retreatment

13.1 Where the failure of a lot is attributable to inadequate heat treatment, the producer may reheat treat the material and submit
the retreated material for test.

TABLE 9 Permitted Variations in Width and Thickness of Cold-
Finished Flat Bars

Width, in. [mm]

Permitted Variations in Width, Over and
Under, in. [mm]A

For Thicknesses
1⁄4 in. [6.5]
and Under

For Thicknesses
Over 1⁄4 in.

[6.5]

1⁄16 to 3⁄8 [1.50 to 9.50], incl 0.005 [0.12] 0.005 [0.12]
Over 3⁄8 to 1 [9.50 to 25.00], incl 0.004 [0.10] 0.004 [0.10]
Over 1 to 2 [25.00 to 50.00], incl 0.006 [0.15] 0.004 [0.10]
Over 2 to 3 [50.00 to 75.00], incl 0.008 [0.20] 0.004 [0.10]
Over 3 to 41⁄2 [75.00 to 115.00], incl 0.010 [0.25] 0.005 [0.13]

Thickness, in. [mm]
Permitted Variations
in Thickness, Over

and Under, in [mm]A

Up to .029 [0.70], incl 0.001 [0.03]
Over .029 to .035 [0.70 to 1.00], incl 0.0015 [0.04]
Over .035 to 1 [1.00 to 25.00], incl 0.002 [0.05]
Over 1 to 2 [25.00 to 50.00], incl 0.003 [0.08]
Over 2 to 3 [50.00 to 75.00], incl 0.004 [0.10]
Over 3 to 41⁄2 [75.00 to 115.00], inclB 0.005 [0.13]

A When it is necessary to heat treat or heat treat and pickle after cold finishing,
size tolerances are double those shown in the table.

B Cold-finished flat bars over 41⁄2 in. [115 mm] wide or thick are produced; width
and thickness tolerances for such bars are not included herein.

TABLE 10 Permitted Variations in Length of Hot-Finished or
Cold-Finished Bars

Specified Size of
Rounds, Squares,
Hexagons, Octa-
gons, and Widths
of Flats,A in. [mm]

Permitted Variations in Length, in. [mm]B

For Lengths up
to 12 ftC

[4 m], incl

For Lengths Over
12 to 25 ft
[4 to 8 m],

incl

Over Under Over Under

Up to .500 [13.00], incl 1⁄16 [1.5] 0 1⁄8 [3.0] 0
Over .500 to 2 [13.00 to

50.00], incl

1⁄2 [13] 0 3⁄4 [19.0] 0

Over 2 to 4 [50.00 to
100.00], incl

3⁄4 [19] 0 1 [25.00] 0

Over 4 to 6 [100.00 to
150.00], incl

1 [25] 0 11⁄4 [31.50] 0

Over 6 to 9 [150.00 to
225.00], incl

11⁄4 [31.5] 0 11⁄2 [38.00] 0

Over 9 to 12 [225.00 to
300.00], incl

11⁄2 [38] 0 2 [50.00] 0

A The maximum width of bar flats is 10 in. [250 mm].
B Random Lengths—When ordered as random lengths, permissible variation is

2 ft [0.6 m] over and under the specified length. When ordered as random lengths
subject to a minimum length requirement, permissible variation is 2 ft [0.6 m] over
and nothing under the specified length.

C For lengths under 3 ft [1 m] and sizes up to 1⁄2 in. [13.00 mm] incl., the
permissible variation in length is 1⁄32 in. [0.80 mm] over and nothing under.
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14. Test Methods

14.1 The properties enumerated in the applicable product specification shall be tested in accordance with the following ASTM
methods:

14.1.1 Chemical Analysis—Test Methods, Practices, and Terminology A 751.
14.1.2 Tension Tests— Test Methods and Definitions A 370.
14.1.3 Stress Rupture— Practice E 139.
14.1.4 Brinell Hardness— Test Methods and Definitions A 370.
14.1.5 Rockwell Hardness—Test Methods and Definitions A 370.
14.1.6 Intergranular Corrosion—Practice E of Practices A 262.
14.1.7 Grain Size—Test Methods E 112.
14.1.8 Charpy V-Notch Impact Test—Test Methods and Definitions A 370.

15. Inspection

15.1 Civilian Procurement—Inspection of the material shall be as agreed upon between the purchaser and the supplier as part
of the purchase contract.

TABLE 11 Permitted Variations in Length of Hot-Finished or
Cold-Finished Bars Machine Cut After Machine Straightening

NOTE 1—These tolerances are not applicable when bars are ordered
random length.

Specified Size of
Rounds, Squares,
Hexagons, Octa-

gons, and Width of
Flats,A in. [mm]

Permitted Variations in Length, in. [mm]

For Lengths up to 12
ft [4 m], incl

For Lengths Over 12
to 25 ft [4 to 8 m], incl

Over Under Over Under
To 3 [75], incl 1⁄8 [3.0] 0 3⁄16 [4.8] 0
Over 3 to 6 [75 to 150], incl 3⁄16 [4.8] 0 1⁄4 [6.5] 0
Over 6 to 9 [150 to 225], incl 1⁄4 [6.5] 0 5⁄16 [8.0] 0
Over 9 to 12 [225 to 300], incl 1⁄2 [13.0] 0 1⁄2 [13.0] 0

A The maximum width of bar flats is 10 in. [250 mm].

TABLE 12 Permitted Variations in Straightness of Machine
Straightened Hot-Finished or Cold-Finished Bars A

Measurement is taken on the concave side of the bar with a straightedge.
Unless otherwise specified, hot-finished or cold-finished bars for machining
purposes are furnished machine straightened to the following tolerances:

Hot finished:
1⁄8 in. [3.00 mm] in any 5 ft [1.50 m]; but may not exceed

1⁄8 in. [3.00 mm] x (length in ft/5) [m/1.50]
Cold finished:

1⁄16 in. [1.5 mm] in any 5 ft [1.5 m]; but may not exceed
1⁄16 in. [1.5 mm] x (length in ft/5) [m/1.50]

A Straightness tolerances have not been established for sizes less than 1⁄2 in.
[6.50 m].

TABLE 13 Permitted Variations for Hot-Finished Angles

NOTE 1—For unequal leg angles, the longer leg determines the toler-
ance for the length of each leg.

Weight:A

For angles of 6 lb/ft [9.0 kg/m] or less, the weight tolerances shall not exceed
671⁄2 %. For angles over 6 lb/ft [9 kg/m], the weight tolerance shall not exceed
641⁄2 %.
Length of Legs:

For angles having legs or flanges up to 6 in. [150 mm], incl, the length toler-
ance shall not exceed 61⁄8 in. [3.00 mm]. For angles having legs or flanges
over 6 in., the length tolerance shall not exceed +3⁄16 in. [5.00 mm] and -1⁄8 in.
Squareness of Legs:

The tolerance for the right angle between the legs is 62°.
A For equal leg angles, the theoretical weight per foot is:

Weight/foot = (24 W 3 t − 12t2) (0.2871 lb/ft)
where W is the specified length of the leg, and t is the specified thickness, both in
inches.

For unequal leg angles, the theoretical weight per foot is:
Weight/foot = [12 W1 3 t + 12 W2 3 t− 12t2] (0.2871 lb/ft)

where W1 and W2 are the specified leg lengths, and t is the specified leg
thickness, all in inches.
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15.2 Government Procurement—Unless otherwise specified in the contract or purchase order: the seller is responsible for the
performance of all inspection and test requirements in this specification; the seller is permitted to use their own facilities or other
suitable facilities for the performance of the inspection and testing; and, the purchaser shall have the right to perform any of the
inspection and tests set forth in this specification. The manufacturer shall afford the purchaser’s inspector all reasonable facilities
necessary to satisfy purchaser that the material is being furnished in accordance with the specification. Inspection by the purchaser
shall not interfere unnecessarily with the manufacturer.

16. Rejection and Rehearing

16.1 The purchaser is permitted to reject material that fails to conform to the requirements of this specification. Rejection shall
be reported to the producer or supplier promptly, preferably in writing. In case of dissatisfaction with the results of a test, the
producer or supplier is permitted to make claim for a rehearing.

TABLE 14 Permitted Variations in Size of Hot-Finished Channels

Specified Size of Channel, in. [mm]

Size Tolerances, Over and Under, in. [mm]

Depth of SectionA Width of Flanges

Thickness of Web for Thickness Given Out-of-SquareB of
Either Flange, in./in.

[mm/ mm] of
Flange Width

To 3⁄16 incl
[5.00 mm]

Over 3⁄16

[5.00 mm]

To 11⁄2 [38.00], incl 3⁄64 [1.20] 3⁄64 [1.20] 0.015 [0.41] 0.023 [0.60] 3⁄64 [1.20]
Over 11⁄2 to 3 [38.00 to 75.00], excl 3⁄32 [2.40] 3⁄32 [2.40] 0.023 [0.60] 0.030 [0.80] 3⁄64 [1.20]

A Channel depth is measured at back of web.
B For channels 5⁄8 in. [15.50 mm] and under in depth, the out-of-square tolerance is 5⁄64 in./in. [2.00 mm/mm] of depth. Out-of-squareness is determined by placing a

square against the bottom surface of the web and measuring the amount of toe-in or toe-out of either flange. Measurements for depth of section and width of flanges are
over-all.

TABLE 15 Permitted Variations in Size of Hot-Finished Tees

Specified Size of Tee,
in. [mm]A

Width or Depth, in.B Thickness of Flange, in. [mm] Thickness of Stem, in. [mm] Stem Out-of-
SquareC in.

[mm]Over Under Over Under Over Under

To 11⁄2 [38.00], incl. 5⁄64 [2.00] 5⁄64 [2.00] 0.015 [0.38] 0.015 [0.38] 0.008 [0.20] 0.030 [0.75] 3⁄64 [1.20]
Over 11⁄2 to 2 [38.00 to 50.00],

incl

3⁄32 [2.40] 3⁄32 [2.40] 0.018 [0.46] 0.018 [0.46] 0.015 [0.38] 0.030 [0.75] 3⁄32 [2.40]

Over 2 to 3 [50.00 to 75.00],
excl

9⁄64 [3.60] 9⁄64 [3.60] 0.023 [0.60] 0.023 [0.60] 0.023 [0.60] 0.030 [0.75] 9⁄64 [3.60]

A The longer member of an unequal tee determines the size for tolerances.
B Measurements for both width and depth are over-all.
C Stem out-of-square is the variation from its true position of the center line of stem measured at the point.

TABLE 16 Permitted Variations in Size of Hot-Extruded Shapes

Specified Size, in [mm]
Section Tolerances, in. [mm]

Over Under

Dimensions under 1 [25] 0.020
[0.50]

0.020
[0.50]

Dimensions 1 to 3 [25 to 75], excl 0.031
[0.80]

0.031
[0.80]

Dimensions 3 to 4 [75 to 100], incl. 0.046
[1.20]

0.046
[1.20]

Over 4 [100] 0.062
[1.60]

0.062
[1.60]

TABLE 17 Angularity Tolerance for Extruded Shapes

Plus and minus max 2°
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17. Certification

17.1 A certified report of the test results shall be furnished at time of shipment. The report shall include the ASTM specification
designation, year date and revision, if any.

17.2 A document printed from or used in electronic form from an electronic data interchange (EDI) transmission shall be
regarded as having the same validity as a counterpart printed in the certifier’s facility. The content of the EDI transmitted document
shall meet the requirements of the invoked ASTM standard(s) and conform to any existing EDI agreement between the purchaser
and the supplier. Not withstanding the absence of a signature, the organization submitting the EDI transmission is responsible for
the content of the report.

18. Product Marking

18.1 Civilian Procurement:
18.1.1 Bars and shapes shall be marked or tagged with the name of manufacturer, purchaser’s name and order number, ASTM

specification designation, heat number, grade or type, condition, finish, and where appropriate, the size, length, and weight. Unless

TABLE 18 Length Tolerances for Extruded Shape Length A ,B

Specified Size
For Lengths up to 12 ft

[4 m], incl.
For Lengths over 12 ft

[4 m]
Over Under Over Under

Up to 3 in. [75 mm], excl 3⁄16 in. [4.8 mm] 0 1⁄4 in. [6.5 mm] 0
A Multiple Lengths—Unless otherwise specified, 1⁄4 in. [6.5 mm] is added to the

total length of each piece for each multiple contained.
B Random Lengths—When ordered as random lengths, permissible variation is

2 ft [0.6 m] over and under the specified length. When ordered as random lengths
subject to a minimum length requirement, permissible variation is 2 ft [0.6 m] over
and nothing under the specified length.

TABLE 19 Twist Tolerances

NOTE 1—The amount of spiraling in an extruded shape is called twist.
It can be measured by the height of the high corner from a flat reference
base (established rise).

NOTE 2—Using the following calculation the twist tolerance must not
exceed what is shown in the table.

Rise in 5 ft.=
established rise x number of ft in length

5

Section Width Rise in 5 ft

1⁄2 in. [13 mm] to 11⁄2 in. [39 mm] 0.125 in. [3.00 mm]
Over 11⁄2 in. [39 mm] to 4 in. [100 mm] 0.188 in. [4.80 mm]
Over 4 in. [100 mm] 0.250 in. [6.50 mm]

NOTE 1—Camber or bow tolerances shall not exceed 0.025 in. [0.60
mm] 3 length in ft [m⁄3 ].

Camber tolerances for hot finished or extruded shapes camber (or bow)
is the greatest deviation of a side from a straight line. Measurement is
taken on the concave side of the shapes with a straight edge.

FIG. 1 Camber or Bow Tolerances
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otherwise specified, the method of marking is at the option of the manufacturer. Marking shall be made by hot stamping, cold
stamping, or painting of bars, or by marking tags attached to bundles, lifts, or boxes.

18.1.2 Forgings shall be legibly die stamped with the manufacturer’s symbol or name, material specification designation, grade
or type, and heat identification. When die stamping is not permitted by the purchaser, electric pencil or electro-etching shall be
used.

18.2 Government Procurement:
18.2.1 When specified in the contract or order, and for direct procurement by or direct shipment to the government, marking

for shipment, in addition to any requirements specified in the contract or order, shall be in accordance with MIL-STD-129 for
military agencies and in accordance with Fed. Std. No. 123 for civil agencies.

18.2.2 For government procurement by the Defense Supply Agency, bars and shapes shall be marked continuously for
identification in accordance with Fed. Std. No. 183.

19. Packaging and Package Marking

19.1 Unless otherwise specified, the bars and shapes shall be packaged and loaded in accordance with Practices A 700.
19.2 When specified in the contract or order, and for direct procurement by or direct shipment to the government, when Level

A is specified, preservation, packaging, and packing shall be in accordance with the Level A requirements of MIL-STD-163.

20. Keywords

20.1 general delivery requirements; stainless steel bars; stainless steel billets; stainless steel forgings; stainless steel shapes

ANNEX

(Mandatory Information)

A1. REQUIREMENTS FOR THE INTRODUCTION OF NEW MATERIALS

A1.1 New materials may be proposed for inclusion in specifications referencing this Specification of General Requirements,
subject to the following conditions:

A1.1.1 The application for the addition of a new grade to a specification shall be made to the chairman of the subcommittee
which has jurisdiction over that specification.

A1.1.2 The application shall be accompanied by a statement from at least one user indicating that there is a need for the new
grade to be included in the applicable specification.

A1.1.3 The application shall be accompanied by test data as required by the applicable specification. Test data from a minimum
of three test lots, as defined by the specification, each from a different heat, shall be furnished.

A1.1.4 The application shall provide recommendations for all requirements appearing in the applicable specification.
A1.1.5 The application shall state whether the new grade is covered by patent.

NOTE 1—Allowable deviation from flat is max 0.010 in. [0.25 mm] per
1 in. [25 mm] of width. Maximum deviation on dimensions of less than 1
in. [25 mm] is 0.010 in. [0.250 mm].

The transverse flatness tolerance is the maximum deviation from a
reference base across any cross-section flat surface.

FIG. 2 Transverse Flatness Tolerances
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APPENDIXES

(Nonmandatory Information)

X1. RATIONALE REGARDING DEFINITION OF LOT FOR MECHANICAL PROPERTIES AND CORROSION TESTING

X1.1 It is generally recognized that material described as a lot must be “produced under the same processing conditions,” which
means the same manufacturing order number, same size, same heat, same heat-treating procedure, and same subsequent
processing. Under those conditions, single samples can be selected to be representative of the total lot, with at least one sample
for each 20 000 pounds of material.

X1.2 Following the principle described in X1.1 generally
requires that the producer control each of several furnace loads constituting the same lot so that:

X1.2.1 Set point temperature and process tolerance match,
X1.2.2 Time at temperature for all thermal treatment shall match within 10 %,
X1.2.3 All furnaces used be similar in size and meet the uniformity requirements of a documented furnace quality assurance

program and,
X1.2.4 The quench systems are the same with respect to volume, type of quenchant, and circulation rate.
X1.2.5 Further, it would be expected that grouped loads be handled within a relatively short time period, and that hardness

testing be performed on at least one sample per charge.

X1.3 The old definition of a lot for mechanical testing based on simply the words “same size, heat, and heat treatment charge
in a batch furnace” assumes that heat treating is the only process affecting properties. This kind of definition ignores the effects
of other processing, prior to and subsequent to heat treating. Moreover, it assumes that each heat-treated batch will be uniform and
unique rather than reproducible. In reality, heat treating is a process which can be controlled easily throughout a batch and from
batch to batch, with the net result that multiple batches can be considered part of a single lot if equipment and processing
parameters meet the mandates of X1.1 and X1.2.

X1.4 The sampling specified for mechanical properties is not a statistical sampling plan. Therefore, it provides only typical
data. Assurance of uniformity within the lot can be obtained only by the producer adequately controlling the processing parameters.

X2. BAR CODING

X2.1 Bar coding to identify steel is not specifically addressed in Committee A01 specifications. Committee A01 endorses the
AIAG bar code standard for primary metals for steel products and proposes that this bar coding standard be considered as a
possible auxiliary method of identification.

SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue
(A 484/A 484M – 00) that may impact the use of this standard (approved April 10, 2003).

(1) Heat treatment for S32101 added to Table 2.
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Committee A01 has identified the location of selected changes to this standard since the last issue (A 484/A 484M – 03)
that may impact the use of this standard (approved June 10, 2003).

(1) Minimum temperature revised in Table 2, Footnote C.

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: A 492 – 95 (Reapproved 2000)

Standard Specification for
Stainless Steel Rope Wire 1

This standard is issued under the fixed designation A 492; 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 more commonly used types
of round stainless steel wire intended especially for stranding
into wire rope.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:
A 555/A555M Specification for General Requirements for

Stainless Steel Wire and Wire Rods2

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight),
3.1.2 Name of material (stainless steel),
3.1.3 Condition (see Section 5),
3.1.4 Finish (see Section 7),
3.1.5 Cross section (round),
3.1.6 Form (wire),
3.1.7 Applicable dimensions (diameter),
3.1.8 Type designation (Table 1),
3.1.9 ASTM designation and date of issue, and
3.1.10 Special requirements.
3.2 If possible, the intended end use of the item should be

given on the purchase order, especially when the item is
ordered for a specific end use or uses.

NOTE 1—A typical ordering description is as follows: 1000 lb stainless
steel, cold-drawn, bright-finish, wire, 0.009-in. diameter, spools. Type

304, ASTM Specification A 492 dated , End Use .

4. Chemical Composition

4.1 The steel shall conform to the requirements as to
chemical composition specified in Table 1.

4.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

5. Condition

5.1 The wire is cold drawn and furnished in the finish (see
Section 7) specified on the purchase order.

6. Mechanical Requirements

6.1 The material shall conform to the requirements as to
mechanical properties specified in Table 2.

7. Finish

7.1 The types of finish procurable are pickled finish and
bright finish (available only in sizes that can be diamond drawn
which are generally 0.045 in. (1.14 mm) and smaller).

8. General Requirements for Delivery

8.1 In addition to the requirements of this specification, all
requirements of the current edition of Specification A 555/
A 555M, shall apply. Failure to comply with the general
requirements of Specification A 555/A 555M constitutes non-
conformance with this specification.

9. Packaging and Package Marking

9.1 Each coil or spool shall be one continuous length of
wire. Each coil shall be firmly tied and each spool shall be
tightly wound. Unless otherwise specified coils shall be placed
in drums or paper wrapped and spools shall be boxed in such
a manner as to assure safe delivery to their designation when
properly transported by any common carrier.

9.2 Each coil or spool of wire shall be properly tagged
showing heat number, grade, condition, ASTM specification
number, and size.

10. Keywords

10.1 austenitic stainless steel; stainless steel rope wire

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved Jan. 15, 1995. Published March 1995. Originally
published as A 492 – 63. Last previous edition A 492 – 94.

2 Annual Book of ASTM Standards,Vol 01.03.
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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 1 Chemical Requirements

UNS
Designation

Type

Composition, %

Carbon,
max

Manga-
neseB

Phos-
phorus, max

Sulfur,
max

Silicon,
max

Chromium Nickel
Molyb-
denum

NitrogenA

S 21600 XM-17 0.08 7.50–9.00 0.045 0.030 1.00 17.50–22.00 5.00–7.00 2.00–3.00 0.25–0.50
S 21603 XM-18 0.03 7.50–9.00 0.045 0.030 1.00 17.50–22.00 5.00–7.00 2.00–3.00 0.25–0.50
S 30200 302 0.15 2.00 0.045 0.030 1.00 17.00–19.00 8.00–10.00 . . . 0.10
S 30400 304 0.08 2.00 0.045 0.030 1.00 18.00–20.00 8.00–10.50 . . . 0.10
S 30500 305 0.12 2.00 0.045 0.030 1.00 17.00–19.00 10.50–13.00 . . . . . .
S 31600 316 0.08 2.00 0.045 0.030 1.00 16.00–18.00 10.00–14.00 2.00–3.00 0.10

A Maximum unless otherwise indicated.

TABLE 2 Tensile Strength Requirements

Diameter, in. (mm)

For Types XM-17, XM-18, 302, and 304 For Types 305 and 316

min max min

psi MPa psi MPa psi MPa

0.007 (0.18) and smaller 320 000 2210 355 000 2450 245 000 1690
Over 0.007 (0.18) to 0.010 (0.25), incl 312 000 2150 350 000 2410 245 000 1690
Over 0.010 (0.25) to 0.015 (0.38), incl 310 000 2140 345 000 2380 240 000 1650
Over 0.015 (0.38) to 0.019 (0.48), incl 305 000 2100 340 000 2340 240 000 1650
Over 0.019 (0.48) to 0.025 (0.64), incl 295 000 2030 330 000 2280 235 000 1620
Over 0.025 (0.64) to 0.030 (0.76), incl 285 000 1960 315 000 2170 235 000 1620
Over 0.030 (0.76) to 0.035 (0.89), incl 275 000 1900 310 000 2140 235 000 1620
Over 0.035 (0.89) to 0.040 (1.02), incl 260 000 1790 300 000 2070 235 000 1620
Over 0.040 (1.02) to 0.050 (1.27), incl 255 000 1760 285 000 1970 230 000 1590
Over 0.050 (1.27) to 0.060 (1.52), incl 250 000 1720 280 000 1930 225 000 1550
Over 0.060 (1.52) to 0.070 (1.78), incl 245 000 1690 275 000 1900 220 000 1520
Over 0.070 (1.78) to 0.080 (2.03), incl 240 000 1650 270 000 1860 210 000 1450
Over 0.080 (2.03) to 0.090 (2.29), incl 240 000 1650 270 000 1860 210 000 1450
Over 0.090 (2.29) to 0.100 (2.54), incl 235 000 1620 265 000 1830 205 000 1410
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Designation: A 493 – 95 (Reapproved 2000)

Standard Specification for
Stainless Steel Wire and Wire Rods for Cold Heading and
Cold Forging 1

This standard is issued under the fixed designation A 493; 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 cold-finished and hot-finished
stainless steel wire and wire rods for cold heading or cold
forging for applications, such as fasteners, where corrosion
resistance is a factor.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The SI equivalents are in parentheses and may
be approximate.

2. Referenced Documents

2.1 ASTM Standards:
A 262 Practices for Detecting Susceptibility to Intergranu-

lar Attack in Austenitic Stainless Steels2

A 555/A555M Specification for General Requirements for
Stainless Steel Wire and Wire Rods2

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight),
3.1.2 Size (diameter),
3.1.3 Type or UNS number (see Table 1),
3.1.4 Name (wire or wire rods),
3.1.5 ASTM designation and issue date,
3.1.6 Condition (see 5.2),
3.1.7 Coating (see 5.3),
3.1.8 Coil size (inside and outside diameter),
3.1.9 Special requirements, and
3.1.10 Supplementary requirements.

4. General Requirements for Delivery

4.1 In addition to the requirements of this specification, all
requirements of the current editions of Specification A 555/
A 555M shall apply. Failure to comply with the general
requirements of Specification A 555/A 555M constitutes non-
conformance with this specification.

NOTE 1—A typical ordering description is as follows: 5000 lb (2268 kg)
.225 in. (5.72 mm) round Type 305 cold heading wire, lightly drafted,
copper coated, 32 in. (813 mm) max OD—22 in. (559 mm) min ID, coils,
ASTM Specification A 493 – XX. End use: hex head machine bolts.

5. Manufacture

5.1 Heat Treatment:
5.1.1 Austenitic grades shall be annealed at 1800°F (980°C)

minimum, so that grain boundary carbides enter into solution,
and rapidly quenched to prevent grain boundary precipitation
of carbides that would cause susceptibility to intergranular
corrosion. See Supplementary Requirements.

5.1.2 Ferritic and martensitic grades shall be annealed to
meet the requirements for mechanical properties.

5.2 Condition:
5.2.1 Wire shall be furnished in one of the following

conditions:
5.2.1.1 Lightly drafted (normal condition and need not be

specified if this is condition desired),
5.2.1.2 Annealed, or
5.2.1.3 Drafted to a specified tensile strength range (as

agreed upon between purchaser and producer).
5.2.2 Rods shall be furnished in the annealed condition,

scale removed.
5.3 Coatings and Lubricants:
5.3.1 Coatings are necessary for most cold-heading or

forming operations. An electroplated copper coating is often
used. The following coatings may be specified: copper, lime, or
special (as agreed upon between purchaser and producer).

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloysand is the direct responsibility of Subcommittee
A01.17on Flat Stainless Steel Products.

Current edition approved Jan. 15, 1995. Published March 1995. Originally
published as A 493 – 63. Last previous edition A 493 – 94.

2 Annual Book of ASTM Standards, Vols 01.03.
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5.3.2 Lubricants are applied over the coating during the
final drafting operation performed by the producer. Soap is
generally used. The following lubricants may be specified:
soap, grease, or special (as agreed upon between purchaser and
producer).

6. Chemical Requirements

6.1 The steel shall conform to the requirements for chemical
composition specified in Table 1.

6.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

7. Mechanical Requirements

7.1 The material shall conform to the requirements as to
mechanical properties specified in Table 2. Material can be
manufactured to tensile strength ranges other than those shown
in Table 2. The producer should be consulted when material is
required to tensile strength ranges other than those specified.

8. Resistance to Intergranular Corrosion

8.1 All austenitic grades in the annealed condition or
annealed and lightly drafted condition shall be capable of
passing Practice E of Practices A 262. When Supplementary
Requirement S1 is invoked, all austenitic grades shall be tested
and pass Practice E of Practices A 262.

9. Packaging and Package Marking

9.1 Packaging—Coils shall be bundled or boxed in such a
manner as to assure safe delivery to their destination when
properly transported by any common carrier.

9.2 Markings—Each lift, bundle, or box shall be properly
tagged with durable tags (metal, plastic, or equivalent), show-
ing size, grade, cold-heading wire, condition coating, heat
number and ASTM A 493.

10. Keywords

10.1 austenitic stainless steel; ferritic stainless steel; mar-
tensitic stainless steel; stainless steel cold forging wire; stain-
less steel cold heading wire

TABLE 1 Chemical Requirements

Grade Composition, %

UNS
Designation

AISI
Type

Carbon,
maxA

Manga-
nese,
max

Phos-
phorus,

max

Sulfur,
max

Silicon,
max

Chromium Nickel Copper Molyb-
denum

Nitrogen,
maxA

Other
Elements

Austenitic Grades

S 30200 302 0.15 2.00 0.045 0.030 1.00 17.0–19.0 8.0–10.0 1.00 max† 0.10
S 30400 304 0.08 2.00 0.045 0.030 1.00 18.0–20.0 8.0–10.5 1.00 max† 0.10
S 30403 304L 0.030 2.00 0.045 0.030 1.00 18.0–20.0 8.0–12.0 1.00 max† 0.10
S 30430 0.03 2.00 0.045 0.030 1.00 17.0–19.0 8.0–10.0 3.0–4.0
S 30500 305 0.04 2.00 0.045 0.030 1.00 17.0–19.0 10.5–13.0 1.00 max
S 31600 316 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 0.10
S 31603 316L 0.030 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00† 0.10
S 38400 384 0.04 2.00 0.045 0.030 1.00 15.0–17.0 17.0–19.0

Ferritic Grades

S 40940 0.06 1.00 0.045 0.040 1.00 10.5–11.7 0.50 max Cb 10XC–0.75
S 42900 429 0.12 1.00 0.040 0.030 1.00 14.0–16.0
S 43000 430 0.04 1.00 0.040 0.030 1.00 16.0–18.0
S 44401 . . . 0.025 1.00 0.040 0.030 . . . 17.5–19.5 1.00 max 1.75–2.50 0.035 Ti+Cb 0.20+43

(C+N)−0.80
S 44625B . . . 0.010B 0.40 0.020 0.020 0.40 25.0–27.5 0.50 max 0.2 max 0.75–1.50 0.015B Ni+Cu 0.5 max
S 44700B . . . 0.010B 0.30 0.025 0.020 0.20 28.0–30.0 0.15 max 0.15 max 3.5–4.2 0.020B C+N 0.025 max
S 44800B . . . 0.010B 0.30 0.025 0.020 0.20 28.0–30.0 2.00–2.50 0.15 max 3.5–4.2 0.020B C+N 0.025 max

Martensitic Grades

S 41000 410 0.15 1.00 0.040 0.030 1.00 11.5–13.5
S 42010 . . . 0.15–0.30 1.00 0.040 0.030 1.00 13.5–15.0 0.35–0.85 0.40–0.85
S 43100 431 0.20 1.00 0.040 0.030 1.00 15.0–17.0 1.25–2.50
S 44004 440C 0.95–1.20 1.00 0.040 0.030 1.00 16.0–18.0 0.75 max

A Maximum, unless otherwise indicated.
B Product analysis tolerance over the maximum limit for carbon and nitrogen to be 0.002 %.
† Editorially corrected.
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SUPPLEMENTARY REQUIREMENTS

The following may be required when the purchase order so specifies:

S1. Austenitic Grades
S1.1 Austenitic grades shall be tested and pass the test for

intergranular susceptibility in accordance with Practice E of
Practices A 262.

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 Mechanical Property Requirements for Lightly Drafted and Annealed Wire

NOTE 1— This table applies to sizes 0.100 in. (2.5 mm) and larger. For smaller sizes, similar mechanical properties apply to ferritic and martensitic
grades; however the producer should be consulted regarding somewhat higher tensile properties applicable to austenitic grades.

Grade As-Annealed Lightly Drafted

UNS No. Type No. ksi max. MPa max. ksi max. MPa max.

Austenitic Grades

S 30200 302 95 655 105 725
S 30400 304 90 620 105 725
S 30403 304L 90 620 102 705
S 30430 . . . 88 605 96 660
S 30500 305 85 585 95 655
S 31600 316 90 620 95 655
S 31603 316L 85 585 93 640
S 38400 384 80 550 85 585

Ferritic Grades

S 40940 409Cb 70 485 80 550
S 42900 429 85 485 90 620
S 43000 430 75 520 86 595
S 44401 . . . 80 550 90 620
S 44625 . . . 100 690 105 725
S 44700 . . . 100 690 105 725
S 44800 . . . 100 690 105 725

Martensitic Grades

S 41000 410 82 565 85A 585A

S 42010 . . . 100 690 105 725
S 43100 431 110 760 115 795
S 44004 440C 110 760 120 830

A For sizes below 0.160 in. (4 mm) 90 ksi (620 MPa) max.

A 493 – 95 (2000)
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Designation: A 505 – 00

Standard Specification for
Steel, Sheet and Strip, Alloy, Hot-Rolled and Cold-Rolled,
General Requirements for 1

This standard is issued under the fixed designation A 505; 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 a group of common require-
ments that, unless otherwise specified in the material specifi-
cation, apply to hot-rolled and cold-rolled alloy steel sheet and
strip under each of the following specifications: A 506, A 507,
and A 873/A 873M.

1.2 In case of any conflict in requirements, the requirements
of the individual material specification shall prevail over those
of this general specification.

1.3 The purchaser may specify additional requirements
which do not negate any of the provisions of this general
specification or of the individual material specification. Such
additional requirements, the acceptance of which are subject to
negotiation with the supplier, must be included in the order
information (see 4.1.9).

1.4 For purposes of determining conformance with this
specification and the various material specifications referenced
in 1.1, values shall be rounded to the nearest unit in the
right-hand place of figures used in expressing the limiting
values in accordance with the rounding provisions of Test
Methods and Definitions A 370 and Test Methods, Practices,
and Terminology A 751.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 506 Specification for Steel, Sheet and Strip, Alloy,
HotRolled and Cold-Rolled, Regular Quality and Struc-
tural Quality2

A 507 Specification for Steel, Sheet and Strip, Alloy,
HotRolled and Cold-Rolled, Drawing Quality2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

A 873/A 873M Specification for Steel Sheet and Strip,
Chromium-Molybdenum Alloy, for Pressure Vessels2

A 919 Definitions of Terms Relating to Heat Treatment of
Metals4

2.2 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)5

2.3 Military Standard:
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage5

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 sheet and strip—hot-rolled and cold-rolled alloy steel

sheet and strip is classified as shown in Table 1.
3.1.2 exclusive—when used in relation to ranges, as for

ranges of thicknesses in the tables of permissible variations in
dimensions, the term “exclusive” is intended to exclude only
the greater value of the range. Thus a range from 60 to 72 in.
(1524 to 1829 mm)exclusiveincludes 60 in. but does not
include 72 in.

3.1.3 manufacturer (material manufacturer)—an organiza-
tion that performs or directly controls one or more operations,
such as melting, rolling, coiling, and heat treatment, that affects
the chemical composition or mechanical properties of the
material.

4. Ordering Information

4.1 Orders shall include the following information, as nec-
essary, to describe adequately the desired material:

4.1.1 Specification designation, including year of issue,
4.1.2 Chemical composition (grade),
4.1.3 Classification of the material (that is, hot-rolled sheet),
4.1.4 Dimensions (thickness, width, length) in decimal

inches,
4.1.5 Quantity (weight or number of pieces),
4.1.6 Condition (that is, “hot-rolled,” “cold-rolled”),

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved March 10, 2000. Published May 2000. Originally
published as A 505 – 64. Last previous edition E 505 – 87(1998).

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.

4 Annual Book of ASTM Standards, Vol 01.02.
5 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

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

1
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4.1.7 Heat treatment required, if any,
4.1.8 Type of edge,
4.1.9 Additional information as specified in the individual

material specification,
4.1.10 Any special requirements not specified in the indi-

vidual material specification, and
4.1.11 Whether certification of compliance or test reports

are required.

5. Materials and Manufacture

5.1 Melting Process—Unless otherwise specified in the
individual material specification, the steel may be made by any
process that produces material that conforms to the specified
requirements.

5.2 Hot or Cold Rolling—The sheet and strip shall be
produced by hot rolling or cold rolling, as specified in the
individual material specification and as specified on the order.

5.3 Heat Treatment—When heat treatment is required, it
shall be performed in accordance with the requirements speci-
fied in the individual material specification. Heat treatment
may be performed by either the manufacturer or the purchaser;
however, if the purchaser intends to perform the heat treatment,
it shall be so stated on the order.

5.3.1 Heat treatment terms shall be in accordance with
Definitions A 919.

6. Chemical Requirements

6.1 Cast or Heat Analysisof each cast or heat shall be made
by the manufacturer to determine the percentage of elements
specified in the individual material specification. This analysis
shall be made from a test specimen preferably taken during the
teeming of the cast or heat. The chemical composition thus
determined shall be reported to the purchaser or his represen-
tative upon request, and shall conform to the cast or heat
analysis requirements of the applicable material specification.

6.2 Product or Verification Analysis— An analysis may be
made by the purchaser from finished material representing each
cast or heat. The composition thus determined shall conform to
the requirements for product analysis specified in the indi-
vidual material specification or on the order; however, if only
cast or heat analysis requirements are specified in the material
specification or on the order, the composition determined on
product analysis shall conform to those requirements subject to
the product analysis tolerances specified in Table 2.

6.3 Referee Analysis—In case referee analysis is required to
resolve a dispute concerning the results of a chemical analysis,
the procedures for performing the referee analysis shall be in
accordance with Test Methods, Practices, and Terminology
A 751.

7. Metallurgical Structure

7.1 The requirements for metallurgical structure, if any,
shall be as specified in the individual material specification.

8. Mechanical Property Requirements

8.1 Requirements—The requirements for mechanical prop-
erties, if any, shall be as specified in the individual material
specification.

8.2 Number of Tests—The number of specimens shall be as
specified in the individual material specification.

8.3 Location and Orientation of Tension Test Specimens—
Unless otherwise specified in the individual material specifi-
cation, tension test specimens shall be the full thickness of the
material. The test coupons shall be taken from the material in
its finished condition except as otherwise provided in 8.4; shall
be taken approximately midway between the edge and center-
line of the sheet or strip; and shall be taken such that the long
axis of the test specimen will be transverse to the final direction
of rolling.

8.4 Heat Treatment of Test Coupons:
8.4.1 When heat treatment is required by the material

specification and is to be performed by the purchaser or his
agent, and the material is to be supplied by the manufacturer in
a condition other than that required by the material specifica-
tion, the material shall be qualified on the basis of tests made
on specimens taken from coupons, obtained from the material
in its as-shipped condition, that have been heat treated in
accordance with the requirements specified in the material
specification or on the order. If the heat-treatment temperatures
are not specified, the manufacturer shall heat treat the coupons
under conditions he considers appropriate.

8.4.2 When specified on the order, the test coupons may be
subjected to additional heat treatment to simulate thermal
treatments that will be used during fabrication.

8.4.3 The purchaser shall be informed of the procedures
followed in heat treating the test coupons.

8.5 Test Methods:
8.5.1 All tests shall be conducted in accordance with Test

Methods and Definitions A 370.
8.5.2 Yield strength shall be determined either by the 0.2 %

offset method or by the 0.5 % extension-under-load method.

9. Quality

9.1 General—Sheet and strip furnished under this specifi-
cation shall be clean, sound, and free of internal or external
imperfections which would make the material unsuitable for
the intended application. Care should be taken to avoid cracks,
seams, slivers, grooves, laminations, pits, blisters, buckles, coil
breaks, creases, holes, pickling stains and patches, ragged and
torn edges, and “rolled-in” dirt and scale.

9.2 Surface Finish—The degree or amount of surface im-
perfections on material in cut lengths shall be such that only a
reasonable amount of metal finishing is required. Slight surface
imperfections that are completely removable without reducing
the thickness below the minimum permissible limits shall not
be considered to be defects. Coils may contain some abnormal
defects such as holes, welds, etc., which render a portion of the
coil unusuable, since the inspection of coils does not affort the
same opportunity to reject portions containing defects as is the
case with cut lengths. However, an excessive number of
abnormal imperfections is cause for rejection.

10. Edges

10.1 Edges—The types of edges procurable in hot-rolled
and in cold-rolled alloy-steel sheet and strip are as follows:

10.2 Hot-Rolled Sheet and Strip:

A 505 – 00
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10.2.1 Mill Edge—Normal edge produced in hot rolling that
does not conform to any definite contour.

10.2.2 Cut Edge—Approximately square edge resulting
from the cutting of sheet into one or more desired widths by
means of rotary knives (slit edge) or blade shears (sheared
edge).

10.2.3 Square Edge—Type of mill edge produced by hot
edge-rolling; furnished on strip only.

10.3 Cold-Rolled Sheet:
10.3.1 Cut Edge—Same description as shown in 10.2.2 for

hot-rolled sheet and strip.
10.4 Cold-Rolled Strip:
10.4.1 No. 1 Edge—Prepared edge of a specified round or

square contour that is produced when a very accurate width is
required.

10.4.2 No. 2 Edge—Natural mill edge carried through the
cold rolling from the hot-rolled strip without additional pro-
cessing of the edge.

10.4.3 No. 3 Edge—Approximately square edge produced
by slitting.

10.4.4 No. 4 Edge—Rounded edge produced by edge roll-
ing either the natural edge of hot-rolled strip or slit-edge strip.
Used when an approximately round edge is desired and when
the finish of the edge is not important.

10.4.5 No. 5 Edge—Square edge produced by edge rolling
or filing for the purpose of eliminating burr.

10.4.6 No. 6 Edge—Square edge produced by edge rolling
the natural edge of hot-rolled strip or slit-edge strip, when the
width tolerances and finish required are not as exacting as for
the No. 1 Edge.

11. Permissible Variations in Dimensions

11.1 The permissible variations in dimensions (see Table 3)
for hot-rolled and cold-rolled alloy steel sheet and strip shall be
in accordance with Tables 4-22.

12. Identification of Product

12.1 As a minimum, the material shall be identified with the
manufacturer’s name or brand, the specification designation,
weight, purchaser’s order number, and material identification
which is traceable to the heat or cast.

12.2 The identification shall be legibly stenciled on top of
each lift or shown on a tag attached to each coil or shipping
unit.

12.3 When specified on the order, each sheet shall be
identified as agreed upon.

13. Retests

13.1 The retest provisions of Test Methods and Definitions
A 370 shall apply.

13.2 If the results of any tests do not conform to the
specified requirements, (unless otherwise specified in the
individual material specification), retests may be made on
double the original number of specimens from the same lot,
each of which must conform to the requirements specified. If
the results of the retests do not conform to the specified
requirements, the lot shall be rejected.

14. Inspection and Testing

14.1 When the order specifies that the purchaser will inspect
the material and witness testing, the inspector representing the
purchaser shall have entry at all times while work on the
contract of the purchaser is being performed, to all parts of the
manufacturer’s works that concern the manufacture of the
material ordered. The manufacturer shall afford the inspector
all reasonable facilities to satisfy the inspector that the material
is being furnished in accordance with the specification.

14.2 All tests (except product analysis) and inspection shall
be made at the place of manufacture before shipment, unless
otherwise specified on the order, and shall be so conducted as
not to interfere unnecessarily with the operation of the works.

15. Rework and Retreatment

15.1 If inspection and test results fail to conform to the
specified requirements, the material may be reworked or
retreated, if the manufacturer can assure that the cause of
failure is curable and that the quality of the material shall
conform to the specified requirements. After retreatment,
testing shall be done in accordance with the material specifi-
cation requirements.

16. Rejection Subsequent to Shipment

16.1 Material that shows characteristics not in conformance
with the material specification subsequent to its initial accep-
tance may be rejected. In such cases, the manufacturer should
be notified in a timely manner.

17. Certification

17.1 When specified on the order, a certification of compli-
ance shall be furnished that the material was manufactured,
sampled, tested, and inspected in accordance with the require-
ments of the applicable specification.

17.2 When specified on the order, a report of the test results
shall be furnished.

17.3 A signature is not required on the certification of
compliance or the report of test results. However, the document
shall clearly identify the organization submitting the document.
Notwithstanding the absence of a signature, the organization
submitting the document is responsible for the content of the
document.

18. Packaging, Marking, and Loading for Shipment

18.1 Packaging, marking, and loading for shipment shall be
in accordance with those procedures recommended in Practices
A 700.

18.2 For Government Procurement—Packaging, packing,
and marking of material for military procurement shall be in
accordance with the requirements of MIL-STD-163, Level A,
Level C, or commercial, as specified in the contract or purchase
order. Marking for shipment of material for civil agencies shall
be in accordance with Fed. Std. No. 123.

A 505 – 00
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TABLE 1 Classification of Hot-Rolled and Cold-Rolled Sheet and Strip

Hot-Rolled Sheet and Strip

Thickness, in.A

Width, in.A

Up to 6,
incl

Over 6 to
2315⁄16 ,

incl

24 to 48,
incl

Over 48

0.2299 to 0.2031, incl . . . strip sheet . . .
0.2030 to 0.1800, incl strip strip sheet . . .
0.1799 an d thinner strip strip sheet sheet

Cold-Rolled Sheet and Strip

Thickness, in.A
Width, in.A

Up to 2315⁄16 ,
incl

24 to 48,
incl

Over 48

0.2499 to 0.2300, incl strip . . . . . .
0.2299 to 0.1800, incl strip sheet . . .
0.1799 and thinner strip sheet sheet

A 1 in. = 25.4 mm.

TABLE 2 Product Analysis Tolerances Over or Under Specified
Range or Limit

Element
Limit or Maximum

of Specified Element, %

Tolerance Over
Maximum Limit or

Under Minimum Limit

Carbon to 0.30, incl
over 0.30–0.75, incl
over 0.75

0.01
0.02
0.03

Manganese to 0.90, incl
over 0.90–2.10, incl

0.03
0.04

Phosphorus over max only 0.005

Sulfur over max only 0.005

Silicon to 0.35, incl
over 0.35–2.20, incl

0.02
0.05

Copper to 1.00, incl
over 1.00–2.00, incl

0.03
0.05

Nickel to 1.00, incl 0.03
over 1.00–2.00, incl 0.05
over 2.00–5.30, incl 0.07
over 5.30–10.00, incl 0.10

Chromium to 0.90, incl
over 0.90–2.10, incl
over 2.10–3.99, incl

0.03
0.05
0.10

Molybdenum to 0.20, incl
over 0.20–0.40, incl
over 0.40–1.15, incl

0.01
0.02
0.03

Vanadium to 0.10, incl 0.01
over 0.10–0.25, incl 0.02
over 0.25–0.50, incl 0.03
minimum value specified, check

under minimum limit
0.01

Tungsten to 1.00, incl
over 1.00–4.00, incl

0.04
0.08

Aluminum to 0.10, incl 0.03
over 0.10–0.20, incl 0.04
over 0.20–0.30, incl 0.05
over 0.30–0.80, incl 0.07
over 0.80–1.80, incl 0.10

A 505 – 00
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TABLE 3 Dimensional Tolerance Tables

NOTE 1— The following table shows the dimensional tolerance table number applicable to the different product classification and rolling methods.
Continuous mill tolerances apply unless otherwise specified.

Hot-Rolled Cold-Rolled

Sheet Strip Sheet Strip

Hand Mill Continuous Mill Continuous Mill

Mill
Edge

Cut
Edge

Mill
Edge

Cut
Edge

Mill
Edge

Cut
Edge

Edges

1 2 3 4 5 6

Mill Slit

Thickness 5 5 4 4 13 6 6 18 18 18 18 18 18
Width 7 8 7 8 15 7 8 21 19 20 21 21 21
Length 9 9 9 9 16 9 9 22 22 22 22 22 22
Flatness for cut lengths 10 10 10 10 17 10 10 . . . . . . . . . . . . . . . . . .
Camber 11 11 11 11 11 11 11 11 11 11 11 11 11
Out-of-square . . . 12 . . . 12 . . . . . . . . . . . . . . . . . . . . . . . . . . .
Crown . . . . . . . . . . . . 14 . . . . . . . . . . . . . . . . . . . . . . . .

TABLE 4 Thickness A Tolerances for Hot-Rolled Sheet (Continuous Mill Product), Coils, or Cut Lengths

Width, in. (mm)

Thickness, in. (mm)

0.2299 to 0.1800
(5.84 to 4.57),

incl

0.1799 to 0.0972
(4.56 to 2.47),

incl

0.0971 to 0.0822
(2.46 to 2.09),

incl

0.0821 to 0.0710
(2.08 to 1.80),

incl

0.0709 to 0.0568
(1.79 to 1.44),

incl

Thickness Tolerances, Over and Under, in. (mm), for Specified Widths and Thicknesses

24 to 32 0.009 (0.23) 0.008 (0.20) 0.007 (0.18) 0.007 (0.18) 0.006 (0.15)
(610 to 810), incl

Over 32 to 40 0.009 (0.23) 0.009 (0.23) 0.008 (0.20) 0.007 (0.18) 0.006 (0.15)
(810 to 1020), incl

Over 40 to 48 0.010 (0.25) 0.010 (0.25) 0.008 (0.20) 0.007 (0.18) 0.006 (0.15)
(1020 to 1220), incl

Over 48 to 60 . . . 0.010 (0.25) 0.008 (0.20) 0.007 (0.18) 0.007 (0.18)
(1220 to 1520), incl

Over 60 to 70 . . . 0.011 (0.28) 0.009 (0.23) 0.008 (0.20) 0.007 (0.18)
(1520 to 1780), incl

Over 70 to 80 . . . 0.012 (0.30) 0.009 (0.23) 0.008 (0.20) . . .
(1780 to 2030), incl

Over 80 to 90 . . . 0.012 (0.30) 0.010 (0.25) . . . . . .
(2030 to 2290), incl

Over 90 (2290) . . . 0.012 (0.30) . . . . . . . . .
A Thickness is measured at any point on the sheet not less than " in. (9.5 mm) from a cut edge and not less than 3⁄4 in. (19 mm) from a mill edge.

TABLE 5 Thickness A Tolerances, Hot-Rolled Sheet, Hand Mill
Product

Thickness, in.B
Tolerance, in.B

Over and Under

0.229 to 0.188, incl 0.015
Under 0.188 to 0.146, incl 0.014
Under 0.146 to 0.131, incl 0.012
Under 0.131 to 0.115, incl 0.010
Under 0.115 to 0.099, incl 0.009
Under 0.099 to 0.084, incl 0.008
Under 0.084 to 0.073, incl 0.007
Under 0.073 to 0.059, incl 0.006
Under 0.059 to 0.041, incl 0.005
Under 0.041 to 0.027, incl 0.004
Under 0.027 to 0.019, incl 0.003

A Thickness is measured at any point on the sheet not less than 3⁄8 in. from a cut
edge and not less than 3⁄4 in. from a mill edge.

B 1 in. = 25.4 mm.
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TABLE 6 Thickness A Tolerances for Cold-Rolled Sheet, Coils, or Cut Lengths

Specified Width,
in.B

Thickness, in.B

0.0313
to

0.0195,
incl

0.0508
to

0.0314,
incl

0.0567
to

0.0509,
incl

0.0709
to

0.0568,
incl

0.0821
to

0.0710,
incl

0.0971
to

0.0822,
incl

0.1419
to

0.0972,
incl

0.1799
to

0.1420,
incl

0.2299
to

0.1800,
incl

Thickness Tolerances, Over and Under, in.B, for Specified Widths and Thicknesses

24 to 32, incl 0.003 0.004 0.005 0.005 0.005 0.006 0.007 0.008 0.008
Over 32 to 40, incl 0.003 0.004 0.005 0.005 0.006 0.007 0.008 0.009 0.009
Over 40 to 48, incl 0.003 0.004 0.005 0.005 0.006 0.007 0.009 0.010 0.010
Over 48 to 60, incl 0.003 0.004 0.005 0.006 0.006 0.008 0.010 0.010 . . .
Over 60 to 70, incl . . . 0.005 0.006 0.006 0.007 0.009 0.010 0.011 . . .
Over 70 to 80, incl . . . . . . . . . . . . 0.007 0.009 0.011 0.012 . . .
Over 80 to 90, incl . . . . . . . . . . . . . . . . . . 0.012 0.012 . . .
Over 90 . . . . . . . . . . . . . . . . . . 0.012 0.012 . . .

A Thickness is measured at any point on the sheet not less than " in. from a cut edge and not less than 3⁄4 in. from a mill edge.
B 1 in. = 25.4 mm.

TABLE 7 Width Tolerances for Mill Edge of Hot-Rolled or Cold-
Rolled Sheet, Coils, or Cut Lengths

Specified Widths, in.A
Tolerances Over Specified

Width, in.A, No Tolerance Under

24 to 26, excl 13⁄16

26 to 28, excl 15⁄16

28 to 35, excl 11⁄8
35 to 50, excl 11⁄4
50 to 60, excl 11⁄2
0 to 65, excl 15⁄8
5 to 70, excl 13⁄4
70 to 80, excl 17⁄8
80 and over 2

A 1 in. = 25.4 mm.

TABLE 8 Width Tolerances for Cut Edge of Hot-Rolled or Cold-
Rolled Sheet, Coils, or Cut Lengths

Specified Width, in.A
Tolerance Over Specified

Width, in.A, No Tolerance Under

24 to 30, incl 3⁄16

Over 30 to 50, incl ¼
Over 50 to 80, incl 5⁄16

Over 80 "
A 1 in. = 25.4 mm.

TABLE 9 Length Tolerances for Hot-Rolled or Cold-Rolled Sheet

Specified Length, in. (mm)
Tolerance Over Specified Length,

in. (mm),
No Tolerance Under

24 to 30 (610 to 760), incl ¼(6.4)
Over 30 to 60 (760 to 1520), incl ½(12.7)
Over 60 to 120 (1520 to 3050), incl 3⁄4 (19)
Over 120 to 156 (3050 to 3960), incl 1 (25)
Over 156 to 192 (3960 to 4880), incl 1¼ (31)
Over 192 to 240 (4880 to 6100), incl 1½ (38)
Over 240 (6100) 13⁄4 (44)

A 505 – 00
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TABLE 10 Flatness Tolerances for Cut Lengths of Hot-Rolled or
Cold-Rolled Sheet A

Specified Thickness, in.B Specified Width, in.B
Flatness

Tolerance,
in.B,C

From 0.0195 to 0.0567,
incl

24 to 36, incl
Over 36 to 60, incl
Over 60

1⁄2
3⁄4
1

From 0.0568 to 0.2299,
incl

24 to 60, incl
Over 60 to 72, incl
Over 72

1⁄2
3⁄4
1

A Rolled or thermally treated and flattened.
B 1 in. = 25.4 mm.
C Deviations from flatness are measured by laying the sheet on a horizontal flat

surface and measuring the maximum elevation above that surface to any point on
the bottom surface of the sheet.

TABLE 11 Camber A Tolerances for Hot-Rolled or Cold-Rolled
Sheet and Strip

For sheet ¼ in. (6.35 mm) in any 8 ft
(2440 mm)

For strip to 1½ in. (38 mm)
in width, incl

½ in. (12.7 mm) in any 8 ft
(2440 mm)

For strip over 1½ to 2315⁄16

in. (38.1 to 608.0 mm)
in width, incl

¼ in. (6.35 mm) in any 8 ft
(2440 mm)

A Camber is determined by placing an 8-ft straightedge on the concave edge of
the sheet or strip and measuring the greatest distance between the sheet edge or
strip edge and the straightedge. When the camber shown in Table 11 is not suitable
for a particular purpose, hot-rolled strip is sometimes machine straightened to a
specified camber. For that requirement, the producer should be consulted.

TABLE 12 Out-Of-Square Tolerance for Hot-Rolled or Cold-
Rolled Sheet (Cut Edge Not Resquared)

Out-of-square is the greatest deviation of an end edge from a straight line at
a right angle to a side and touching one corner. The tolerance for sheets of all
gages and all sizes is 1⁄16 in./6 in., 10.5 mm/m or fraction thereof, of width.

It is also obtained by measuring the difference between the diagonals of the
sheet. The out-of-square deviation is one half of that difference.

TABLE 13 Thickness Tolerances for Hot-Rolled Strip Coils, or Cut Lengths A,B

Specified Width,
in.C

Thickness, in.C

0.2299 to
0.2031,

incl

0.2030 to
0.1875,

incl

0.1874 to
0.1719,

incl

0.1718 to
0.1420,

incl

0.1419 to
0.1121,

incl

0.1120 to
0.0972,

incl

0.0971 to
0.0710,

incl

0.0709 to
0.0568,

incl

Thickness Tolerances, in.C, Over and Under for Specified Widths and Thicknesses

To 6, incl . . . 0.006 0.006 0.005 0.005 0.005 0.005 0.005
Over 6 to 12, incl 0.007 0.006 0.006 0.006 0.006 0.005 0.005 0.005
Over 12 to 15, incl 0.008 0.008 0.007 0.007 0.007 0.007 0.006 0.006
Over 15 to 20, incl 0.009 0.009 0.009 0.008 0.008 0.008 0.007 0.006
Over 20 to 2315⁄16 , incl 0.009 0.009 0.009 0.009 0.008 0.008 0.007 0.006

A Thickness measurements are taken " in. from edge of strip on 1 in. or wider; and at any place on the strip when narrower than 1 in.
B See Table 16 for applicable crown tolerances.
C 1 in. = 25.4 mm.
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TABLE 14 Crown Tolerances for Hot-Rolled Strip, Coils, or Cut
Lengths A

Specified Widths, in.B Additional Thickness at Center, in.B

Over 1 to 3½, incl 0.002
Over 3½ to 6, incl 0.003
Over 6 to 12, incl 0.004
Over 12 to 15, incl 0.005
Over 15 to 2315⁄16 , incl 0.006

A Hot-rolled alloy strip may be thicker at the center than at a point 3⁄8 in. from the
edge as shown in this table.

B 1 in. = 25.4 mm.

TABLE 15 Width Tolerances for Hot-Rolled Strip, Coils, or Cut Lengths

Cut EdgeA

Mill Edge Slit Edge Sheared Edge

Thickness, in. (mm)

Specified Width, in. (mm)
To 0.109 (2.77),

incl
Over 0.109 (2.77)

Width Tolerance,
in. (mm), Over

and Under

Width Tolerance, in. (mm),
Over and Under

Width Tolerance,
in. (mm), Over
Width No Toler-

ance Under

To 2 (50), incl 1⁄32 (0.79) 0.010 (0.25) 0.016 (0.41) ! (3.2)
Over 2 to 5 (50 to 130), incl 1⁄16 (1.59) 0.010 (0.25) 0.020 (0.51) ! (3.2)
Over 5 to 9 (130 to 230), incl 3⁄32 (2.38) 0.016 (0.41) 0.024 (0.61) ! (3.2)
Over 9 to 12 (230 to 300), incl ! (3.20) 0.016 (0.41) 0.031 (0.79) ! (3.2)
Over 12 to 20 (300 to 510), incl ¼ (6.35) 0.020 (0.51) 0.031 (0.79) ! (3.2)
Over 20 to 2315⁄16 (510 to 610),
incl

"(9.50) 0.031 (0.79) 0.031 (0.79) ! (3.2)

A Some alloy grades require annealing before cutting because of their high hardenability.

TABLE 16 Length Tolerances for Hot-Rolled Strip

Specified Widths,
in.A

Length, in.A

To 60,
incl

Over
60 to
120,
incl

Over
120 to
240,
incl

Over
240 to
360,
incl

Over
360 to
480,
incl

Over
480

Length Tolerances, in.A, Over Specified Length,
No Tolerance Under

To 3, incl ¼ 3⁄8 ½ 3⁄4 1 1½
Over 3 to 6, incl " ½ 5⁄8 3⁄4 1 1½
Over 6 to 2315⁄16 ,

incl
½ 3⁄4 1 11⁄4 11⁄2 13⁄4

A 1 in. = 25.4 mm.

TABLE 17 Flatness Tolerances for Cut Lengths of Hot-Rolled
Strip As-Rolled or Thermally Treated and Flattened

½ in., max, in 8 ft (5.2 mm/m) of length
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TABLE 19 Width Tolerances for No. 2 Edge (Mill Edge) Cold-
Rolled Strip

Specified Width, in.A Tolerances for Specified Width, 6, in.A

To 2, incl 1⁄32

Over 2 to 5, incl 1⁄16

Over 5 to 9, incl 3⁄32

Over 9 to 12, incl !
Over 12 to 20, incl ¼
Over 20 to 2315⁄16 ,
incl

"

A 1 in. = 25.4 mm.

TABLE 20 Width Tolerances for No. 3 Edge (Slit Edge) of Cold-Rolled Strip

Specified Thickness, in.A Width, in.A

Over To and incl

3⁄16 to ½,
excl

½ to 6, incl
Over 6 to

9, incl
Over 9 to
12, incl

Over 12 to
20, incl

Over 20 to
2315⁄16 , incl

Width Tolerances, in.A, Over and Under for Indicated Thicknesses and Widths

0.187 0.2499 . . . . . . . . . . . . . . . . . .
0.160 0.187 . . . 0.016 0.020 0.020 0.031 0.031
0.099 0.160 0.010 0.010 0.016 0.016 0.020 0.020
0.068 0.099 0.008 0.008 0.010 0.010 0.016 0.020
0.0099 0.068 0.005 0.005 0.005 0.010 0.016 0.020

0.0099 and under . . . . . . . . . . . . . . . . . . . . .
A 1 in. = 25.4 mm.

A 505 – 00
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TABLE 21 Width Tolerances for Edge Nos. 1, 4, 5, and 6 for Cold-Rolled Strip

Edge No. Width, in. (mm) Thickness, in. (mm) Tolerances for Specified Width, 6, in. (mm)

1 To 3⁄4 (19) 0.0938 (2.38) and thinner 0.005 (0.13)
1 Over 3⁄4 to 5 (19 to 130), incl 0.125 (3.2) and thinner

0.005 (0.13)
4 To 1 (25), incl 0.1875 (4.8) to 0.025 (0.64), incl 0.015 (0.38)
4 Over 1 to 2 (25 to 50), incl 0.2499 to 0.025 (6.35 to 0.64), incl 0.025 (0.64)
4 Over 2 to 4 (50 to 100), incl 0.2499 to 0.035 (6.35 to 0.89), incl 0.047 (1.19)
4 Over 4 to 6 (100 to 150), incl 0.2499 to 0.035 (6.35 to 0.89), incl 0.047 (1.19)

5 To 3⁄4 (19), incl 0.0938 (2.38) and thinner 0.005 (0.13)
5 Over 3⁄4 to 5 (19 to 130), incl 0.125 (3.2) and thinner 0.005 (0.13)
5 Over 5 to 9 (130 to 230), incl 0.125 to 0.008 (3.2 to 0.203), incl 0.010 (0.25)
5 Over 9 to 20 (230 to 510), incl 0.105 to 0.015 (2.67 to 0.38), incl 0.010 (0.25)
5 Over 20 to 2315⁄16 (510 to 610), incl 0.080 to 0.023 (2.03 to 0.58), incl 0.015 (0.38)

6 To 1 (25), incl 0.1875 (4.8) to 0.025 (0.64), incl 0.015 (0.38)
6 Over 1 to 2 (25 to 50), incl 0.2499 to 0.025 (6.35 to 0.64), incl 0.025 (0.64)
6 Over 2 to 4 (50 to 100), incl 0.2499 to 0.035 (6.35 to 0.89), incl 0.047 (1.19)
6 Over 4 to 6 (100 to 150), incl 0.2499 to 0.047 (6.35 to 1.19), incl 0.047 (1.19)

TABLE 22 Length Tolerances for Cold-Rolled Strip

Specified Width, in.
(mm)

Length, in. (mm)

24 to 60
(610 to

1520), incl

Over 60 to 120
(1520 to 3050),

incl

Over 120 to 240
(3050 to 6100),

incl

Length Tolerance, in. (mm), Over Specified
Length, No Tolerance Under

To 12 (300), incl 1⁄4 (6.4) 1⁄2 (12.7) 3⁄4 (19)
Over 12 to 2315⁄16 ½(12.7) 3⁄4 (19) 1 (25)

(300 to 610), incl

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: A 506 – 04

Standard Specification for
Alloy and Structural Alloy Steel, Sheet and Strip, Hot-Rolled
and Cold-Rolled 1

This standard is issued under the fixed designation A 506; 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 hot-rolled and cold-rolled
alloy and structural alloy-steel sheet and strip. Alloy steel is
furnished to chemical composition requirements and is in-
tended primarily for general or miscellaneous use where
bending and moderate forming is a requirement. Structural
alloy steel is furnished to chemical composition requirements
and to specific mechanical property requirements which may
include tension tests, hardness tests, or other commonly
accepted mechanical tests.

1.2 If material of a higher degree of uniformity of internal
soundness and freedom from surface imperfections is required,
reference should be made to Specification A 507.

1.3 Alloy and structural alloy-steel sheet and strip are not
produced to internal cleanliness requirements. Normally sur-
face imperfections are not objectionable, and a good finish is
not a prime requirement.

1.4 The formability of structural alloy steel decreases with
increasing yield strength or hardness. Therefore, product de-
sign in relation to the mechanical properties of the grade used
must be considered.

1.5 The material covered by this specification may be
furnished in several conditions: heat treatments, surface con-
ditions, and edges, as specified herein, in coils or cut lengths.

1.6 The values stated in inch-pound units are to be regarded
as the standard. SI units are provided for information only.

2. Referenced Documents

2.1 ASTM Standards:2

A 505 Specification for Steel, Sheet and Strip, Alloy, Hot-
Rolled and Cold-Rolled, General Requirements for

A 507 Specification for Drawing Alloy Steel, Sheet and
Strip, Hot-Rolled and Cold-Rolled

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 alloy steel—alloy-steel sheet and strip furnished to

chemical composition requirements and intended for general or
miscellaneous applications where normal surface imperfec-
tions are not objectionable and a good finish is not the prime
requirement.

3.1.2 SAE—Society of Automotive Engineers.
3.1.3 standard steels—steel chemical compositions defined

as “standard” by SAE, shown in Table 1 and Table A1.1.
3.1.4 steels other than standard—steel chemical composi-

tions other than those defined as “standard,” and furnished to
the composition limits shown in Table 2.

3.1.5 structural alloy steel—alloy-steel sheet and strip
meeting the requirements of regular quality and also produced
to specific mechanical property requirements.

4. General Requirements and Ordering Information

4.1 Material supplied to this specification shall conform to
Specification A 505, which includes the general requirements
and establishes the rules for the ordering information that
should be complied with when purchasing material to this
specification.

4.2 In addition to the ordering information required by
Specification A 505, the following shall also be included:

4.2.1 Mechanical properties required for structural quality,
when applicable,

4.2.2 Surface finish, if other than standard (see 8.1), and
4.2.3 Surface treatment, if other than standard (see 8.2).

5. Materials and Manufacture

5.1 Rolling—The material shall be furnished either hot-
rolled or cold-rolled, as specified on the order.

5.2 Heat Treatment:
5.2.1 Hot-Rolled—Hot-rolled material shall be furnished in

one of the following conditions, as specified on the order:
5.2.1.1 As-rolled,
5.2.1.2 Annealed,

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1964. Last previous edition approved in 2000 as A 506 – 00.

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.



5.2.1.3 Normalized, or
5.2.1.4 Normalized-and-tempered.
5.2.2 Cold-Rolled—Cold-rolled material shall be fully an-

nealed after cold-rolling. (Temper, skin, or roller leveling for
the control of flatness, which does not significantly affect the
properties, may be performed after annealing.)

6. Chemical Requirements

6.1 The heat analysis shall conform to the requirements for
the grade specified on the order.

6.1.1 Alloy Steel—The grade shall be specified in accor-
dance with either 6.1.1.1 or 6.1.1.2.

6.1.1.1 Standard steel alloy steel grades listed in Table 1 are
those commonly produced for alloy steel sheet and strip. Other
standard steel grades are listed in Annex A1.

6.1.1.2 Nonstandard steel grades may be specified using the
ranges and limits shown in Table 2.

6.1.2 Structural Alloy Steel—The grade shall be specified as
outlined in 6.1.1. However, since different mechanical proper-
ties may be expected for each of the many chemical compo-
sitions and conditions (heat treatment) that may be specified,
consideration must be given to these factors in selecting the
chemical composition to be specified.

7. Mechanical Requirements

7.1 Alloy Steel—Mechanical tests are not applicable to
regular quality alloy steel sheet and strip.

7.2 Structural Alloy Steel:
7.2.1 Tension Tests:
7.2.1.1 Requirements—The tension test requirements shall

conform to the requirements specified on the order. Yield
strength, tensile strength, and elongation requirements may be
specified. The tensile properties will vary depending on the
chemical composition, condition, and heat treatment. Produc-
ers are frequently consulted as to grade, resultant mechanical
properties, recommended heat treatment, and other information
needed to establish the property parameters to meet end use
requirements. Rockwell hardness requirements may be speci-
fied, providing the requirements are compatible with the
tension test requirements.

7.2.1.2 Number of Tests—Two tension tests and two hard-
ness tests, when specified, shall be made from coupons
obtained from each heat (cast) and heat treatment lot.

TABLE 1 Standard Steels Commonly Produced for Alloy-Steel Sheet and Strip

UNS
Designation

SAE
No.

Chemical Composition Ranges and Limits, % (Heat Analysis)A

C Mn P S SiB Ni Cr Mo

G41180 4118 0.18–0.23 0.70–0.90 0.035 0.035 0.15–0.30 ... 0.40–0.60 0.08–0.15
G41300 4130 0.28–0.33 0.40–0.60 0.035 0.035 0.15–0.30 ... 0.80–1.10 0.15–0.25
G41400 4140 0.38–0.43 0.75–1.00 0.035 0.035 0.15–0.30 ... 0.80–1.10 0.15–0.25
G43400 4340 0.38–0.43 0.60–0.80 0.035 0.035 0.15–0.30 1.65–2.00 0.70–0.90 0.20–0.30
G51200 5120 0.17–0.22 0.70–0.90 0.035 0.035 0.15–0.30 ... 0.70–0.90 ...
G51400 5140 0.38–0.43 0.70–0.90 0.035 0.035 0.15–0.30 ... 0.70–0.90 ...
G51500 5150 0.48–0.53 0.70–0.90 0.035 0.035 0.15–0.30 ... 0.70–0.90 ...
G51600 5160 0.55–0.65 0.75–1.00 0.035 0.035 0.15–0.30 ... 0.70–0.90 ...
G86150
G86200

8615
8620

0.13–0.18
0.18–0.23

0.70–0.90
0.70–0.90

0.035
0.035

0.035
0.035

0.15–0.30
0.15–0.30

0.40–0.70
0.40–0.70

0.40–0.60
0.40–0.60

0.15–0.25
0.15–0.25

A The chemical ranges and limits shown are subject to product analysis tolerances. See Specification A 505.
B Other silicon ranges are available. Consult the producer.

TABLE 2 Heat (Cast) Analysis Ranges for Other than Standard
Steel Alloy Sheet and Strip

Element When Maximum of
Specified Element Is, %

Range or
Limit, %

Carbon To 0.55 incl 0.05
Over 0.55 to 0.70 incl 0.08
Over 0.70 to 0.80 incl 0.10
Over 0.80 to 0.95 incl 0.12
Over 0.95 to 1.35 incl 0.13

Manganese To 0.60 incl 0.20
Over 0.60 to 0.90 incl 0.20
Over 0.90 to 1.05 incl 0.25
Over 1.05 to 1.90 incl 0.30
Over 1.90 to 2.10 incl 0.40

Phosphorus . . . 0.035 max

Sulfur . . . 0.040 max

Silicon To 0.15 incl 0.08
Over 0.15 to 0.20 incl 0.10
Over 0.20 to 0.40 incl 0.15
Over 0.40 to 0.60 incl 0.20
Over 0.60 to 1.00 incl 0.30
Over 1.00 to 2.20 incl 0.40

Copper To 0.60 incl
Over 0.60 to 1.50 incl
Over 1.50 to 2.00 incl

0.20
0.30
0.35

Nickel To 0.50 incl 0.20
Over 0.50 to 1.50 incl 0.30
Over 1.50 to 2.00 incl 0.35
Over 2.00 to 3.00 incl 0.40
Over 3.00 to 5.30 incl 0.50
Over 5.30 to 10.00 incl 1.00

Chromium To 0.40 incl 0.15
Over 0.40 to 0.90 incl 0.20
Over 0.90 to 1.05 incl 0.25
Over 1.05 to 1.60 incl 0.30
Over 1.60 to 1.75 incl 0.35
Over 1.75 to 2.10 incl 0.40
Over 2.10 to 3.99 incl 0.50

Molybdenum To 0.10 incl 0.05
Over 0.10 to 0.20 incl 0.07
Over 0.20 to 0.50 incl 0.10
Over 0.50 to 0.80 incl 0.15
Over 0.80 to 1.15 incl 0.20

Vanadium To 0.25 incl
Over 0.25 to 0.50 incl

0.05
0.10

A 506 – 04
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7.2.2 Bend Tests:
7.2.2.1 Requirements—Material in the annealed, normal-

ized, or normalized-and-tempered condition shall be capable of
meeting the longitudinal bend test requirements of Table 3.

7.2.2.2 Number of Tests—Two bend tests shall be made on
specimens representative of each lot. A lot shall consist of
material from the same heat (cast), of the same condition and
finish, the same nominal thickness, and subjected to the same
heat treatment.

7.2.2.3 Bend test specimens shall be at least3⁄4 in. (19 mm)
wide, or the same width of the material if it is less than3⁄4 in.
(19 mm) wide. The length shall be sufficient to permit bending
to the angle specified.

7.2.2.4 The edges of bend test specimens shall be practically
free of burrs. Filing or machining to remove burrs is permis-
sible.

8. Workmanship, Finish, and Appearance

8.1 Surface Finish:
8.1.1 Hot-Rolled—Unless otherwise specified, hot-rolled

material shall be furnished without removing the hot-rolled
oxide or scale. (That is, with the as-rolled or as-heat-treated
scale.) The material may be specified to be descaled.

8.1.2 Cold-Rolled—Unless otherwise specified, cold-rolled
material shall be furnished with a commercial dull matte finish.

8.2 Oiling:

8.2.1 Hot-Rolled—Unless otherwise specified, as-rolled or
as-heat-treated material shall be furnished without oiling, and
descaled material shall be oiled. Descaled material may be
specified to be furnished dry, without oiling.

8.2.2 Cold-Rolled—Unless otherwise specified, cold-rolled
material shall be furnished oiled. Cold-rolled material may be
specified to be furnished dry, without oiling.

8.3 Edges:

8.3.1 Hot-Rolled—Unless otherwise specified, hot-rolled
material shall be furnished with Mill Edge. The material may
be specified to have other types of edges, in accordance with
Specification A 505.

8.3.2 Cold-Rolled—Unless otherwise specified, cold-rolled
sheet shall be furnished with Cut Edge and cold-rolled strip
shall be furnished with No. 3 Edge. The material may be
specified to have other types of edges, in accordance with
Specification A 505.

9. Keywords

9.1 alloy steel sheet; alloy steel strip; cold-rolled alloy steel;
hot-rolled alloy steel; standard alloy steel; structural alloy steel

ANNEX

(Mandatory Information)

A1. STANDARD STEELS NOT COMMONLY PRODUCED FOR ALLOY-STEEL SHEET AND STRIP

A1.1 Listed in Table A1.1 are standard steels which, while
not commonly produced for alloy-steel sheet and strip, maybe

specified. The producer should be consulted for availability.

TABLE 3 Bend Requirements

Thickness, in.
(mm)

Carbon
Content, %

Degree
of Bend

Ratio of
Bend

Radius
to

Thickness
of

Specimen

Type of
Test Specimen

All Up to 0.30, incl 180 1/2t longitudinal
0.1250 (3.175) and

under
Over 0.30 180 1/2t longitudinal

Over
0.1250–0.2499

(3.175–6.347),
incl

Over 0.30 180 t longitudinal

A 506 – 04

3



SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue, A 504–00,
that may impact the use of this standard. (Approved March 1, 2004.)

(1) Added Grade 5120 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 A1.1 A1.1 Standard Steels Not Commonly Produced for Alloy-Steel Sheet and Strip

UNS
Desig-
nation

SAE No.
Chemical Composition Ranges and Limits, % (Heat Analysis)A

C Mn P S SiB Ni Cr Mo V

... E3310 0.08–0.13 0.45–0.60 0.025 0.025 0.15–0.30 3.25–3.75 1.40–1.75 ... . . .
G40120 4012 0.09–0.14 0.75–1.00 0.040 0.040 0.15–0.30 ... ... 0.15–0.25 . . .
G41180 4118 0.18–0.23 0.70–0.90 0.040 0.040 0.15–0.30 ... 0.40–0.60 0.08–0.15 . . .
G41350 4135 0.33–0.38 0.70–0.90 0.040 0.040 0.15–0.30 ... 0.80–1.10 0.15–0.25 . . .
G41370 4137 0.35–0.40 0.70–0.90 0.040 0.040 0.15–0.30 ... 0.80–1.10 0.15–0.25 . . .
G41420 4142 0.40–0.45 0.75–1.00 0.040 0.040 0.15–0.30 ... 0.80–1.10 0.15–0.25 . . .
G41450 4145 0.43–0.48 0.75–1.00 0.040 0.040 0.15–0.30 ... 0.80–1.10 0.15–0.25 . . .
G41470 4147 0.45–0.50 0.75–1.00 0.040 0.040 0.15–0.30 ... 0.80–1.10 0.15–0.25 . . .
G41500 4150 0.48–0.53 0.75–1.00 0.040 0.040 0.15–0.30 ... 0.80–1.10 0.15–0.25 . . .
G43200 4320 0.17–0.22 0.45–0.65 0.040 0.040 0.15–0.30 1.65–2.00 0.40–0.60 0.20–0.30 . . .
G43406 E4340 0.38–0.43 0.65–0.85 0.025 0.025 0.15–0.30 1.65–2.00 0.70–0.90 0.20–0.30 . . .
G45200 4520 0.18–0.23 0.45–0.65 0.040 0.040 0.15–0.30 ... ... 0.45–0.60 . . .
G46150 4615 0.13–0.18 0.45–0.65 0.040 0.040 0.15–0.30 1.65–2.00 ... 0.20–0.30 . . .
G46200 4620 0.17–0.22 0.45–0.65 0.040 0.040 0.15–0.30 1.65–2.00 ... 0.20–0.30 . . .
G47180 4718 0.16–0.21 0.70–0.90 0.040 0.040 0.15–0.30 0.90–1.20 0.35–0.55 0.30–0.40 . . .
G48150 4815 0.13–0.18 0.40–0.60 0.040 0.040 0.15–0.30 3.25–3.75 ... 0.20–0.30 . . .
G48200 4820 0.18–0.23 0.50–0.70 0.040 0.040 0.15–0.30 3.25–3.75 ... 0.20–0.30 . . .
G50150 5015 0.12–0.17 0.30–0.50 0.040 0.040 0.15–0.30 ... 0.30–0.50 ... . . .
G50460 5046 0.43–0.50 0.75–1.00 0.040 0.040 0.15–0.30 ... 0.20–0.35 ... . . .
G51150 5115 0.13–0.18 0.70–0.90 0.040 0.040 0.15–0.30 ... 0.70–0.90 ... . . .
G51300 5130 0.28–0.33 0.70–0.90 0.040 0.040 0.15–0.30 ... 0.80–1.10 ... . . .
G5132 5132 0.30–0.35 0.60–0.90 0.040 0.040 0.15–0.30 ... 0.75–1.00 ... . . .
G15116 E51100 0.95–1.10 0.25–0.45 0.025 0.025 0.15–0.30 ... 0.90–1.15 ... . . .
G15216 E52100 0.95–1.10 0.25–0.45 0.025 0.025 0.15–0.30 ... 1.30–1.60 ... . . .
G61500 6150 0.48–0.53 0.70–0.90 0.040 0.040 0.15–0.30 ... 0.80–1.10 ... 0.15 min
G86170 8617 0.15–0.20 0.70–0.90 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.15–0.25 . . .
G86300 8630 0.28–0.33 0.70–0.90 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.15–0.25 . . .
G86400 8640 0.38–0.43 0.75–1.00 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.15–0.25 . . .
G86420 8642 0.40–0.45 0.75–1.00 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.15–0.25 . . .
G86450 8645 0.43–0.48 0.75–1.00 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.15–0.25 . . .
G86500 8650 0.48–0.53 0.75–1.00 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.15–0.25 . . .
G86550 8655 0.50–0.60 0.75–1.00 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.15–0.25 . . .
G86600 8660 0.55–0.65 0.75–1.00 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.15–0.25 . . .
G87200 8720 0.18–0.23 0.70–0.90 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.20–0.30 . . .
G87350 8735 0.33–0.38 0.75–1.00 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.20–0.30 . . .
G87400 8740 0.38–0.43 0.75–1.00 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.20–0.30 . . .
G92600 9260 0.55–0.65 0.70–1.00 0.040 0.040 1.80–2.20 ... ... ... . . .
G92620 9262 0.55–0.65 0.75–1.00 0.040 0.040 1.80–2.20 ... 0.25–0.40 ... . . .
... E9310 0.08–0.13 0.45–0.65 0.025 0.025 0.20–0.35 3.00–35.0 1.00–1.40 0.08–0.15 . . .

A The chemical ranges and limits shown are subject to product analysis tolerances. See Specification A 505.
B Other silicon ranges are available. Consult the producer.
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Designation: A 507 – 04

Standard Specification for
Drawing Alloy Steel, Sheet and Strip, Hot-Rolled and Cold-
Rolled 1

This standard is issued under the fixed designation A 507; 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 hot-rolled and cold-rolled
drawing alloy-steel sheet and strip. Material of this quality is
produced principally for applications involving severe cold
plastic deformation such as deep drawn or severely formed
parts. This steel is produced by a closely controlled steel-
making practice designed to assure internal soundness, relative
uniformity of chemical composition, and freedom from injuri-
ous imperfections.

1.2 The material covered by this specification may be
furnished in several conditions, heat treatments, surface fin-
ishes, and edges, as specified herein, in coils or cut lengths.

2. Referenced Documents

2.1 ASTM Standards:2

A 505 Specification for Steel, Sheet and Strip, Alloy, Hot-
Rolled and Cold-Rolled, General Requirements for

A 941 Terminology Relating to Steel, Stainless Steel, Re-
lated Alloys, and Ferroalloys

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 capable of—as used in this specification, means that

tests need not be performed. However, if application by the
purchaser establishes that the material does not meet the
requirements, the material shall be subject to rejection.

3.1.2 drawing alloy steel—alloy-steel sheet and strip in-
tended for applications involving severe cold plastic deforma-
tion such as deep drawn or severely formed parts.

3.1.3 standard steels—steel chemical compositions defined
as “standard” by the Society of Automotive Engineers (SAE).
See Table 1 and Table A1.1.

3.1.4 steels other than standard—steel chemical composi-
tions other than those defined as “standard,” and furnished to
the composition limits shown in Table 2.

4. General Requirements and Ordering Information

4.1 Material supplied to this specification shall conform to
Specification A 505, which includes the general requirements
and establishes the rules for the ordering information that
should be complied with when purchasing material to this
specification.

4.2 In addition to the Ordering Information required by
Specification A 505, the following shall also be included:

4.2.1 Mechanical properties, if required (show properties
desired, which must be consistent with the grade and heat
treatment),

4.2.2 Surface finish, if other than that normally furnished
(see Section 10), and

4.2.3 Application, or end use (identification of the part to be
made).

5. Manufacture

5.1 Rolling—The material shall be furnished either hot-
rolled or cold-rolled, as specified on the order.

5.2 Heat Treatment—Unless otherwise specified on the
order, the material shall be furnished spheroidize-annealed.
(See Terminology A 941 for heat treatment terms.)

5.2.1 If the material is to be heat treated by other than the
producer, the order shall so state. The material may be ordered
in the as-rolled condition, in such cases.

6. Chemical Requirements

6.1 The heat (cast) analysis shall conform to the require-
ments for the grade specified on the order.

6.1.1 Standard steel alloy steel grades listed in Table 1 are
those commonly produced for drawing alloy-steel sheet and
strip.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1964. Last previous edition approved in 2000 as A 507 – 00.

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.



6.1.2 Other standard steel grades are listed in Annex A1 and
may be specified. However, the producer should be consulted
for availability.

6.1.3 Nonstandard steel grades may be specified, using the
ranges and limits shown in Table 2.

7. Metallurgical Structure

7.1 Microstructure:
7.1.1 Requirements—At least 75 % of the carbide micro-

structure shall be of the globular type.
7.1.2 Number of Tests—The number of tests shall be in

accordance with the producer’s standard quality control pro-
cedures. A specific number of tests is not required, but the
material shall be produced by manufacturing practices estab-
lished to assure compliance with the specified requirements.
The material shall be subjected to mill tests and inspection
procedures to assure such compliance. For government pro-
curement, mill tests and inspection procedures utilized to show
conformance to the microstructure requirements shall be made
available on request.

8. Mechanical Requirements

8.1 Tension and Hardness Tests:
8.1.1 Requirements—When tension tests or hardness tests,

or both are specified on the order, the test results shall conform
to the requirements specified on the order. Yield strength,
tensile strength, and elongation requirements may be specified.
The tensile properties will vary depending on the chemical
composition, condition, and heat treatment. Producers are
frequently consulted as to grade, resultant mechanical proper-
ties, recommended heat treatment, and other information
needed to establish the property parameters to meet end use
requirements. Rockwell hardness requirements may be speci-
fied, providing the requirements are compatible with the
tension test requirements.

8.1.2 Number of Tests—Two tension tests and two hardness
tests, when specified, shall be taken at random from each heat
(cast) and heat treatment lot.

9. Other Tests and Requirements

9.1 End Use Suitability:
9.1.1 When furnished spheroidize-annealed, the material

shall be capable of producing an identified part.
9.1.2 Material in the spheroidize-annealed condition gener-

ally work harder and may require stress-relief-annealing be-
tween drawing operations.

10. Workmanship, Finish, and Appearance

10.1 Surface Finish:

TABLE 1 Standard Steels Commonly Produced for Drawing Alloy-Steel Sheet and Strip

UNS
Desig-
nation

SAE
No.

Chemical Composition Ranges and Limits, % (Heat Analysis)A

C Mn P S SiB Ni Cr Mo

G41180
G41300

4118
4130

0.18–0.23
0.28–0.33

0.70–0.90
0.40–0.60

0.020
0.020

0.030
0.030

0.15–0.30
0.15–0.30

...

...
0.40–0.60
0.80–1.10

0.08–0.15
0.15–0.25

G86150
G86200

8615
8620

0.13–0.18
0.18–0.23

0.70–0.90
0.70–0.90

0.020
0.020

0.030
0.030

0.15–0.30
0.15–0.30

0.40–0.70
0.40–0.70

0.40–0.60
0.40–0.60

0.15–0.25
0.15–0.25

A The chemical ranges and limits shown are subject to product analysis tolerances. See Specification A 505.
B Other silicon ranges are available. Consult the producer.

TABLE 2 Heat (Cast) Analysis Ranges for Other Than Standard
Steel Alloy Sheet and Strip

Element
When Maximum of

Specified Element Is, %
Range or
Limit, %

Carbon To 0.55 incl 0.05
Over 0.55 to 0.70 incl 0.08
Over 0.70 to 0.80 incl 0.10
Over 0.80 to 0.95 incl 0.12
Over 0.95 to 1.35 incl 0.13

Manganese To 0.60 incl 0.20
Over 0.60 to 0.90 incl 0.20
Over 0.90 to 1.05 incl 0.25
Over 1.05 to 1.90 incl 0.30
Over 1.90 to 2.10 incl 0.40

Phosphorus . . . 0.035 max

Sulfur . . . 0.040 max

Silicon To 0.15 incl 0.08
Over 0.15 to 0.20 incl 0.10
Over 0.20 to 0.40 incl 0.15
Over 0.40 to 0.60 incl 0.20
Over 0.60 to 1.00 incl 0.30
Over 1.00 to 2.20 incl 0.40

Copper To 0.60 incl
Over 0.60 to 1.50 incl
Over 1.50 to 2.00 incl

0.20
0.30
0.35

Nickel To 0.50 incl 0.20
Over 0.50 to 1.50 incl 0.30
Over 1.50 to 2.00 incl 0.35
Over 2.00 to 3.00 incl 0.40
Over 3.00 to 5.30 incl 0.50
Over 5.30 to 10.00 incl 1.00

Chromium To 0.40 incl 0.15
Over 0.40 to 0.90 incl 0.20
Over 0.90 to 1.05 incl 0.25
Over 1.05 to 1.60 incl 0.30
Over 1.60 to 1.75 incl 0.35
Over 1.75 to 2.10 incl 0.40
Over 2.10 to 3.99 incl 0.50

Molybdenum To 0.10 incl 0.05
Over 0.10 to 0.20 incl 0.07
Over 0.20 to 0.50 incl 0.10
Over 0.50 to 0.80 incl 0.15
Over 0.80 to 1.15 incl 0.20

Vanadium To 0.25 incl
Over 0.25 to 0.50 incl

0.05
0.10
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10.1.1 Hot-Rolled—Unless otherwise specified, hot-rolled
material shall be furnished descaled and oiled. When required,
the material may be specified to be furnished not oiled.

10.1.2 Cold-Rolled—Unless otherwise specified, cold-
rolled material shall be furnished with a commercial dull matte
finish and shall be oiled. When required, the material may be
specified to be furnished not oiled.

10.2 Edges:
10.2.1 Hot-Rolled—Unless otherwise specified, hot-rolled

material shall be furnished with Mill Edge. The material may
be specified to have other types of edges, in accordance with
Specification A 505.

10.2.2 Cold-Rolled—Unless otherwise specified, cold-
rolled sheet shall be furnished with Cut Edge and cold-rolled
strip shall be furnished with No. 3 Edge. The material may be
specified to have other types of edges, in accordance with
Specification A 505.

11. Keywords

11.1 alloy steel with improved formability; cold-rolled alloy
steel; deep drawn alloy steel; drawing alloy steel sheet;
drawing alloy steel strip; forming alloy steel; hot-rolled alloy
steel; special soundness alloy steel

ANNEX

(Mandatory Information)

A1. STANDARD STEELS NOT COMMONLY PRODUCED FOR DRAWING ALLOY-STEEL SHEET AND STRIP

A1.1 Listed in Table A1.1 are standard steels which, while
not commonly produced for drawing alloy steel sheet and strip,
may be specified. The producer should be consulted for
availability.

TABLE A1.1 Standard Steels Not Commonly Produced for Drawing Alloy-Steel Sheet and Strip

UNS Desig-
nation

SAE No.
Chemical Composition Ranges and Limits, % (Heat Analysis)A

C Mn P S Si Ni Cr Mo V

... E3310 0.08–0.13 0.45–0.60 0.025 0.025 0.15–0.30 3.25–3.75 1.40–1.75 ... ...
G40120 4012 0.09–0.14 0.75–1.00 0.040 0.040 0.15–0.30 ... ... 0.15–0.25 ...
G41180 4118 0.18–0.23 0.70–0.90 0.040 0.040 0.15–0.30 ... 0.40–0.60 0.08–0.15 ...
G43200 4320 0.17–0.22 0.45–0.65 0.040 0.040 0.15–0.30 1.65–2.00 0.40–0.60 0.20–0.30 ...
G45200 4520 0.18–0.23 0.45–0.65 0.040 0.040 0.15–0.30 ... ... 0.45–0.60 ...
G46150 4615 0.13–0.18 0.45–0.65 0.040 0.040 0.15–0.30 1.65–2.00 ... 0.20–0.30 ...
G46200 4620 0.17–0.22 0.45–0.65 0.040 0.040 0.15–0.30 1.65–2.00 ... 0.20–0.30 ...
G47180 4718 0.16–0.21 0.70–0.90 0.040 0.040 0.15–0.30 0.90–1.20 0.35–0.55 0.30–0.40 ...
G48150 4815 0.13–0.18 0.40–0.60 0.040 0.040 0.15–0.30 3.25–3.75 ... 0.20–0.30 ...
G48200 4820 0.18–0.23 0.50–0.70 0.040 0.040 0.15–0.30 3.25–3.75 ... 0.20–0.30 ...
G50150 5015 0.12–0.17 0.30–0.50 0.040 0.040 0.15–0.30 ... 0.30–0.50 ... ...
G51150 5115 0.13–0.18 0.70–0.90 0.040 0.040 0.15–0.30 ... 0.70–0.90 ... ...
G51200 5120 0.17–0.22 0.70–0.90 0.040 0.040 0.15–0.30 ... 0.70–0.90 ...
G51300 5130 0.28–0.33 0.70–0.90 0.040 0.040 0.15–0.30 ... 0.80–1.10 ... ...
G5132 5132 0.30–0.35 0.60–0.90 0.040 0.040 0.15–0.30 ... 0.75–1.00 ... ...
G86170 8617 0.15–0.20 0.70–0.90 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.15–0.25 ...
G86300 8630 0.28–0.33 0.70–0.90 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.15–0.25 ...
G87200 8720 0.18–0.23 0.70–0.90 0.040 0.040 0.15–0.30 0.40–0.70 0.40–0.60 0.20–0.30 ...
... E9310 0.08–0.13 0.45–0.65 0.025 0.025 0.20–0.35 3.00–3.50 1.00–1.40 0.08–0.15 ...

A The chemical ranges and limits shown are subject to product analysis tolerances. See Specification A 505.
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SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue, A 507–00,
that may impact the use of this standard. (Approved March 1, 2004.)

(1) Added Grade 5120 to Table A1.1.

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: A 510 – 03

Standard Specification for
General Requirements for Wire Rods and Coarse Round
Wire, Carbon Steel 1

This standard is issued under the fixed designation A 510; 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 general requirements for car-
bon steel wire rods and uncoated coarse round wire in coils or
straightened and cut lengths.

1.2 In case of conflict, the requirements in the purchase
order, on the drawing, in the individual specification, and in
this general specification shall prevail in the sequence named.

NOTE 1—A complete metric companion to Specification A 510 has
been developed—Specification A 510M; therefore, no metric equivalents
are presented in this specification.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

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

E 30 Test Methods for Chemical Analysis of Steel, Cast
Iron, Open-Hearth Iron, and Wrought Iron5

E 112 Test Methods for Determining Average Grain Size6

E 527 Practice for Numbering Metals and Alloys (UNS)7

2.2 SAE Standard:
J 1086 Numbering Metals and Alloy8

2.3 AIAG Standard:

AIAGB-5 02.00 Primary Metals Identification Tag Applica-
tion Standard9

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 carbon steel—steel in which no minimum content is

specified or required for aluminum, chromium, cobalt, colum-
bium, molybdenum, nickel, titanium, tungsten, vanadium, or
zirconium, or any other element added to obtain a desired
alloying effect; when the specified minimum for copper does
not exceed 0.40 %; or when the maximum content specified for
any of the following elements does not exceed these percent-
ages: manganese 1.65, silicon 0.60, or copper 0.60.

3.1.2 Discussion—In all carbon steels small quantities of
certain residual elements unavoidably retained from raw ma-
terials are sometimes found that are not specified or required,
such as copper, nickel, molybdenum, chromium, etc. These
elements are considered as incidental and are not formally
determined or reported.

—Elements may be specified to improve machinability of
carbon steels such as sulfur and lead.

3.1.4 coarse round wire—from 0.035 to 0.999 in. in diam-
eter, inclusive, wire that is produced from hot-rolled wire rods
or hot-rolled coiled bars by one or more cold reductions
primarily for the purpose of obtaining a desired size with
dimensional accuracy, surface finish, and mechanical proper-
ties. By varying the amount of cold reduction and other wire
mill practices, including thermal treatment, a wide diversity of
mechanical properties and finishes are made available.

3.1.5 Discussion—Coarse round wire is designated by Steel
Wire Gage numbers, common fractions, or decimal parts of an
inch. The Steel Wire Gage system is shown in Table 1. Since
the many gage systems in use may cause confusion, the
purchaser is encouraged to specify wire diameters in inches or
decimal parts, or both.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved Sept. 10, 2003. Published Sept. 2003. Originally
approved in 1964. Last previous edition approved in 2002 as A 510 – 02.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Discontinued—See 1994Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.01.
7 Annual Book of ASTM Standards, Vol 01.01.
8 Available from Society of Automotive Engineers (SAE), 400 Commonwealth

Dr., Warrendale, PA 15096-0001.

9 Available from Automotive Industry Action Group (AIAG), 26200 Lahser Rd.,
Suite 200, Southfield, MI 48034.

1

*A Summary of Changes section appears at the end of this standard.
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3.1.6 straightened and cut wire—wire that is produced from
coils of wire by means of special machinery which straightens
the wire and cuts it to a specified length.

3.1.7 Discussion—The straightening operation may alter
the mechanical properties of the wire especially the tensile
strength. The straightening operation may also induce changes
in the diameter of the wire. The extent of the changes in the
properties of the wire after cold straightening depends upon the
kind of wire and also on the normal variations in the adjust-
ments of the straightening equipment. It is therefore not
possible to forecast the properties of straightened and cut wire
and each kind of wire needs individual consideration. In most
cases, the end use of straightened and cut wire is not seriously
influenced by these changes.

3.1.8 wire rods—rods that are hot rolled from billets to an
approximate round cross section into coils of one continuous
length. Rods are not comparable to hot-rolled bars in accuracy
of cross section or surface finish and as a semifinished product
are intended primarily for the manufacture of wire.

3.1.9 Discussion—Rod sizes from7⁄32 to 47⁄64 in. in diam-
eter, inclusive, are designated by fractions or decimal parts of
an inch as shown in Table 2.

4. Ordering Information

4.1 Orders for hot-rolled wire rods under this specification
should include the following information:

4.1.1 Quantity (pounds),
4.1.2 Name of material (wire rods),
4.1.3 Diameter (Table 2),
4.1.4 Chemical composition grade no. (Table 3, Table 4,

Table 5, and Table 6),

4.1.5 Packaging,
4.1.6 ASTM designation and date of issue, and
4.1.7 Special requirements, if any.

NOTE 2—A typical ordering description is as follows: 100 000 lb Wire
Rods,7⁄32 in., Grade 1010 in approximately 1000 lb Coils to ASTM A 510
dated _______.

4.2 Orders for coarse round wire under this specification
should include the following information:

4.2.1 Quantity (pounds or pieces),
4.2.2 Name of material (uncoated carbon steel wire),
4.2.3 Diameter (see 3.1.5),
4.2.4 Length (straightened and cut only),
4.2.5 Chemical composition (Table 3, Table 4, Table 5, and

Table 6),
4.2.6 Packaging,
4.2.7 ASTM designation and date of issue, and
4.2.8 Special requirements, if any.

NOTE 3—A typical ordering description is as follows: 40 000 lb
Uncoated Carbon Steel Wire, 0.148 in. (9 ga.) diameter, Grade 1008 in
500 lb Coils on Tubular Carriers to ASTM A 510-XX, or

2500 Pieces, Carbon Steel Wire, 0.375 in. diameter, Straightened and
Cut 291⁄2 in., Grade 1015, in 25 Piece Bundles on Pallets to ASTM A
510-XX.

5. Manufacture

5.1 The steel shall be made by the open-hearth, electric-
furnace, or basic-oxygen process. The steel may be either ingot
cast or strand cast.

6. Chemical Composition

6.1 The chemical composition for steel under this specifi-
cation shall conform to the requirements set forth in the
purchase order. Chemical compositions are specified by ranges
or limits for carbon and other elements. The grades commonly

TABLE 1 Steel Wire Gage A

Gage No.
Decimal

Equivalent,
in.

Gage No.
Decimal

Equivalent,
in.

7/0 0.490 9 0.148*
6/0 0.462* 91⁄2 0.142
5/0 0.430* 10 0.135
4/0 0.394* 101⁄2 0.128
3/0 0.362* 11 0.120*
2/0 0.331 111⁄2 0.113
1/0 0.306 12 0.106*
1 0.283 121⁄2 0.099
11⁄2 0.272 13 0.092*
2 0.262* 131⁄2 0.086
21⁄2 0.253 14 0.080
3 0.244* 141⁄2 0.076
31⁄2 0.234 15 0.072
4 0.225* 151⁄2 0.067
41⁄2 0.216 16 0.062*
5 0.207 161⁄2 0.058
51⁄2 0.200 17 0.054
6 0.192 171⁄2 0.051
61⁄2 0.184 18 0.048*
7 0.177 181⁄2 0.044
71⁄2 0.170 19 0.041
8 0.162 191⁄2 0.038
81⁄2 0.155 20 0.035*

A The steel wire gage outlined in this table has been taken from the original
Washburn and Moen Gage chart. In 20 gage and coarser, sizes originally quoted
to 4 decimal equivalent places have been rounded to 3 decimal places in
accordance with rounding procedures of Practice E 29. All rounded U.S. custom-
ary values are indicated by an asterisk.

TABLE 2 Sizes of Wire Rods A

Inch
Fraction

Decimal
Equivalent,

in.

Inch
Fraction

Decimal
Equivalent,

in.

7⁄32 0.219 31⁄64 0.484
15⁄64 0.234 1⁄2 0.500
1⁄4 0.250 33⁄64 0.516

17⁄64 0.266 17⁄32 0.531
9⁄32 0.281 35⁄64 0.547
19⁄64 0.297 9⁄16 0.562

5⁄16 0.312 37⁄64 0.578
21⁄64 0.328 19⁄32 0.594
11⁄32 0.344 39⁄64 0.609

23⁄64 0.359 5⁄8 0.625
3⁄8 0.375 41⁄64 0.641
25⁄64 0.391 21⁄32 0.656

13⁄32 0.406 43⁄64 0.672
27⁄64 0.422 11⁄16 0.688
7⁄16 0.438 45⁄64 0.703

29⁄64

15⁄32

0.453
0.469

23⁄32

47⁄64

0.719
0.734

A Rounded off to 3 decimal places in decimal equivalents in accordance with
procedures outlined in Practice E 29.
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TABLE 3 Nonresulfurized Carbon Steel Cast or Heat Chemical Ranges and Limits

NOTE 1—Silicon—When silicon is required the following ranges and limits are commonly used for nonresulfurized carbon steels: 0.10 max, %, 0.07
to 0.15 %, 0.10 to 0.20 %, 0.15 to 0.35 %, 0.20 to 0.40 %, or 0.30 to 0.60 %.

NOTE 2—Copper—When required, copper is specified as an added element.
NOTE 3—Lead—When lead is required as an added element, a range from 0.15 to 0.35 % is specified. Such a steel is identified by inserting the letter

“L’’ between the second and third numerals of the grade number, for example, 10L18.
NOTE 4—Boron Addition to Improve Hardenability—Standard killed carbon steels, which are fine grain, may be produced with a boron addition to

improve hardenability and typically contain an intentional addition of .01 % minimum titanium. Such steels are produced to a range of 0.0005 to 0.003 %
boron. These steels are identified by inserting the letter “B’’ between the second and third numerals of the grade number, for example, 10B46. The UNS
designation is also modified by changing the last digit to “1” to indicate boron, for example, G 1046.1.

NOTE 5—Boron Additions to Control Strain-Ageing Behavior—Intentional additions of Boron to low carbon steels for the purpose of controlling
strain-ageing behavior during wire drawing is permissible only with the agreement of the purchaser. In such cases, the Boron content shall be reported
in either a material test report or certification.

NOTE 6—For steels that do not have intentional boron additions for hardenability or for control of strain aging behavior, the boron content will not
normally exceed .0008 %.

UNS
DesignationA Grade No.

Chemical Composition Limits, %

SAE No.
Carbon Manganese

Phosphorus,
max

Sulfur, max

G 10050 1005 0.06 max 0.35 max 0.040 0.050 1005
G 10060 1006 0.08 max 0.25 to 0.40 0.040 0.050 1006
G 10080 1008 0.10 max 0.30 to 0.50 0.040 0.050 1008
G 10100 1010 0.08 to 0.13 0.30 to 0.60 0.040 0.050 1010
G 10110 1011 0.08 to 0.13 0.60 to 0.90 0.040 0.050 1011
G 10120 1012 0.10 to 0.15 0.30 to 0.60 0.040 0.050 1012
G 10130 1013 0.11 to 0.16 0.50 to 0.80 0.040 0.050 1013
G 10150 1015 0.13 to 0.18 0.30 to 0.60 0.040 0.050 1015
G 10160 1016 0.13 to 0.18 0.60 to 0.90 0.040 0.050 1016
G 10170 1017 0.15 to 0.20 0.30 to 0.60 0.040 0.050 1017
G 10180 1018 0.15 to 0.20 0.60 to 0.90 0.040 0.050 1018
G 10190 1019 0.15 to 0.20 0.70 to 1.00 0.040 0.050 1019
G 10200 1020 0.18 to 0.23 0.30 to 0.60 0.040 0.050 1020
G 10210 1021 0.18 to 0.23 0.60 to 0.90 0.040 0.050 1021
G 10220 1022 0.18 to 0.23 0.70 to 1.00 0.040 0.050 1022
G 10230 1023 0.20 to 0.25 0.30 to 0.60 0.040 0.050 1023
G 10250 1025 0.22 to 0.28 0.30 to 0.60 0.040 0.050 1025
G 10260 1026 0.22 to 0.28 0.60 to 0.90 0.040 0.050 1026
G 10290 1029 0.25 to 0.31 0.60 to 0.90 0.040 0.050 1029
G 10300 1030 0.28 to 0.34 0.60 to 0.90 0.040 0.050 1030
G 10340 1034 0.32 to 0.38 0.50 to 0.80 0.040 0.050 . . .
G 10350 1035 0.32 to 0.38 0.60 to 0.90 0.040 0.050 1035
G 10370 1037 0.32 to 0.38 0.70 to 1.00 0.040 0.050 1037
G 10380 1038 0.35 to 0.42 0.60 to 0.90 0.040 0.050 1038
G 10390 1039 0.37 to 0.44 0.70 to 1.00 0.040 0.050 1039
G 10400 1040 0.37 to 0.44 0.60 to 0.90 0.040 0.050 1040
G 10420 1042 0.40 to 0.47 0.60 to 0.90 0.040 0.050 1042
G 10430 1043 0.40 to 0.47 0.70 to 1.00 0.040 0.050 1043
G 10440 1044 0.43 to 0.50 0.30 to 0.60 0.040 0.050 1044
G 10450 1045 0.43 to 0.50 0.60 to 0.90 0.040 0.050 1045
G 10460 1046 0.43 to 0.50 0.70 to 1.00 0.040 0.050 1046
G 10490 1049 0.46 to 0.53 0.60 to 0.90 0.040 0.050 1049
G 10500 1050 0.48 to 0.55 0.60 to 0.90 0.040 0.050 1050
G 10530 1053 0.48 to 0.55 0.70 to 1.00 0.040 0.050 1053
G 10550 1055 0.50 to 0.60 0.60 to 0.90 0.040 0.050 1055
G 10590 1059 0.55 to 0.65 0.50 to 0.80 0.040 0.050 1059
G 10600 1060 0.55 to 0.65 0.60 to 0.90 0.040 0.050 1060
G 10640 1064 0.60 to 0.70 0.50 to 0.80 0.040 0.050 1064
G 10650 1065 0.60 to 0.70 0.60 to 0.90 0.040 0.050 1065
G 10690 1069 0.65 to 0.75 0.40 to 0.70 0.040 0.050 1069
G 10700 1070 0.65 to 0.75 0.60 to 0.90 0.040 0.050 1070
G 10740 1074 0.70 to 0.80 0.50 to 0.80 0.040 0.050 1074
G 10750 1075 0.70 to 0.80 0.40 to 0.70 0.040 0.050 1075
G 10780 1078 0.72 to 0.85 0.30 to 0.60 0.040 0.050 1078
G 10800 1080 0.75 to 0.88 0.60 to 0.90 0.040 0.050 1080
G 10840 1084 0.80 to 0.93 0.60 to 0.90 0.040 0.050 1084
G 10850 1085 0.80 to 0.93 0.70 to 1.00 0.040 0.050 1085
G 10860 1086 0.80 to 0.93 0.30 to 0.50 0.040 0.050 1086
G 10900 1090 0.85 to 0.98 0.60 to 0.90 0.040 0.050 1090
G 10950 1095 0.90 to 1.03 0.30 to 0.50 0.040 0.050 1095

A Designation established in accordance with Practice E 527 and SAE J 1086.
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specified for carbon steel wire rods and coarse round wire are
shown in Table 3, Table 4, Table 5, and Table 6.

6.2 Cast or Heat Analysis(Formerly Ladle Analysis)—An
analysis of each cast or heat shall be made by the producer to
determine the percentage of the elements specified. The analy-
sis shall be made from a test sample, preferably taken during
the pouring of the cast or heat. The chemical composition thus
determined shall be reported, if required, to the purchaser, or

his representative. Reporting of significant figures and round-
ing shall be in accordance with Test Methods, Practices, and
Terminology A 751.

6.3 Product Analysis (Formerly Check Analysis)—A prod-
uct analysis may be made by the purchaser. The analysis is not
used for a duplicate analysis to confirm a previous result. The
purpose of the product analysis is to verify that the chemical

TABLE 4 Nonresulfurized Carbon Steel, High Manganese, Cast or Heat Chemical Ranges and Limits

NOTE 1—Silicon—When silicon is required the following ranges and limits are commonly used for nonresulfurized carbon steels: 0.10 max, %, 0.07
to 0.15 %, 0.10 to 0.20 %, 0.15 to 0.35 %, 0.20 to 0.40 %, or 0.30 to 0.60 %.

NOTE 2—Copper—When required, copper is specified as an added element.
NOTE 3—Lead—When lead is required as an added element a range from 0.15 to 0.35 % is specified. Such a steel is identified by inserting the letter

“L’’ between the second and third numerals of the grade number, for example, 15L18.

UNS DesignationA Grade No.

Chemical Composition Limits, %

SAE No.
Carbon Manganese

Phosphorus,
max

Sulfur,
max

G 15130 1513 0.10 to 0.16 1.10 to 1.40 0.040 0.050 1513
G 15180 1518 0.15 to 0.21 1.10 to 1.40 0.040 0.050 1518
G 15220 1522 0.18 to 0.24 1.10 to 1.40 0.040 0.050 1522
G 15240 1524B 0.19 to 0.25 1.35 to 1.65 0.040 0.050 1524
G 15250 1525 0.23 to 0.29 0.80 to 1.10 0.040 0.050 1525
G 15260 1526 0.22 to 0.29 1.10 to 1.40 0.040 0.050 1526
G 15270 1527B 0.22 to 0.29 1.20 to 1.50 0.040 0.050 1527
G 15360 1536B 0.30 to 0.37 1.20 to 1.50 0.040 0.050 1536
G 15410 1541B 0.36 to 0.44 1.35 to 1.65 0.040 0.050 1541
G 15470 1547 0.43 to 0.51 1.35 to 1.65 0.040 0.050 1547
G 15480 1548B 0.44 to 0.52 1.10 to 1.40 0.040 0.050 1548
G 15510 1551B 0.45 to 0.56 0.85 to 1.15 0.040 0.050 1551
G 15520 1552B 0.47 to 0.55 1.20 to 1.50 0.040 0.050 1552
G 15610 1561B 0.55 to 0.65 0.75 to 1.05 0.040 0.050 1561
G 15660 1566B 0.60 to 0.71 0.85 to 1.15 0.040 0.050 1566
G 15720 1572B 0.65 to 0.76 1.00 to 1.30 0.040 0.050 1572

A Designation established in accordance with Practice E 527 and SAE J 1086.
B These grades were formerly designated as 10XX steels.

TABLE 5 Resulfurized Carbon Steels, Cast or Heat Chemical Ranges and Limits

NOTE 1—Silicon—When silicon is required, the following ranges and limits are commonly used: Up to 1110, incl, 0.10 max, %; 1116 and over, 0.10
max, %, 0.10 to 0.20 %, or 0.15 to 0.35 %.

NOTE 2—Because of the degree to which sulfur segregates, product analysis for sulfur in resulfurized carbon steel is not technologically appropriate
unless misapplication is clearly indicated.

UNS DesignationA Grade No.

Chemical Composition Limits, %

SAE No.
Carbon Manganese

Phosphorus,
max

Sulfur

G 11080 1108 0.08 to 0.13 0.50 to 0.80 0.040 0.08 to 0.13 1108
G 11090 1109 0.08 to 0.13 0.60 to 0.90 0.040 0.08 to 0.13 1109
G 11100 1110 0.08 to 0.13 0.30 to 0.60 0.040 0.08 to 0.13 1110
G 11160 1116 0.14 to 0.20 1.10 to 1.40 0.040 0.16 to 0.23 1116
G 11170 1117 0.14 to 0.20 1.00 to 1.30 0.040 0.08 to 0.13 1117
G 11180 1118 0.14 to 0.20 1.30 to 1.60 0.040 0.08 to 0.13 1118
G 11190 1119 0.14 to 0.20 1.00 to 1.30 0.040 0.24 to 0.33 1119
G 11320 1132 0.27 to 0.34 1.35 to 1.65 0.040 0.08 to 0.13 1132
G 11370 1137 0.32 to 0.39 1.35 to 1.65 0.040 0.08 to 0.13 1137
G 11390 1139 0.35 to 0.43 1.35 to 1.65 0.040 0.13 to 0.20 1139
G 11400 1140 0.37 to 0.44 0.70 to 1.10 0.040 0.08 to 0.13 1140
G 11410 1141 0.37 to 0.45 1.35 to 1.65 0.040 0.08 to 0.13 1141
G 11440 1144 0.40 to 0.48 1.35 to 1.65 0.040 0.24 to 0.33 1144
G 11450 1145 0.42 to 0.49 0.70 to 1.00 0.040 0.04 to 0.07 1145
G 11460 1146 0.42 to 0.49 0.70 to 1.00 0.040 0.08 to 0.13 1146
G 11510 1151 0.48 to 0.55 0.70 to 1.00 0.040 0.08 to 0.13 1151

A Designation established in accordance with Practice E 527 and SAE J 1086.
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composition is within specified limits for each element, includ-
ing applicable permissible variations in product analysis. The
results of analyses taken from different pieces of a heat may
differ within permissible limits from each other and from the
heat or cast analysis. Table 7 shows the permissible variations
for product analysis of carbon steel. The results of the product
analysis obtained, except lead, shall not vary both above and
below the permissible limits.

6.3.1 Rimmed or capped steels are characterized by a lack
of uniformity in their chemical composition, especially for the
elements carbon, phosphorus, and sulfur, and for this reason
product analysis is not technologically appropriate for these
elements unless misapplication is clearly indicated.

6.3.2 Because of the degree to which phosphorus and sulfur
segregate, product analysis for these elements is not techno-
logically appropriate for rephosphorized or resulfurized steels,
or both, unless misapplication is clearly indicated.

6.3.3 The location at which chips for product analysis are
obtained from the sample is important because of segregation.
For rods and wire, chips are taken by milling or machining the
full cross section of the sample.

6.3.3.1 Steel subjected to certain thermal treatment opera-
tions by the purchaser may not give chemical analysis results

that properly represent its original composition. Therefore,
purchasers should analyze chips taken from the steel in the
condition in which it is received from the producer.

6.3.3.2 When samples are returned to the producer for
product analysis, the samples should consist of pieces of the
full cross section.

6.3.4 For referee purposes, Test Methods E 30 shall be used.

7. Metallurgical Structure

7.1 Grain size, when specified, shall be determined in
accordance with the requirements of Test Methods E 112.

7.2 Wire rods of the steel grades listed in Table 3, when
supplied in the “as-rolled’’ condition, shall not contain injuri-
ous microconstituents such as untempered martensite.

8. Mechanical Requirements

8.1 The properties enumerated in individual specifications
shall be determined in accordance with Test Methods and
Definitions A 370.

8.2 Because of the great variety in the kinds of wire and the
extensive diversity of end uses, a number of formal mechanical
test procedures have been developed. These tests are used as
control tests by producers during the intermediate stages of
wire processing, as well as for final testing of the finished
product, and apply particularly to specification wire and wires
for specified end uses. A number of these tests are further
described in Supplement IV, Round Wire Products, of Test
Methods and Definitions A 370.

8.3 Since the general utility of rods and wire requires
continuity of length, in the case of rods, tests are commonly
made on samples taken from the ends of coils after removing
two to three rings. In the case of wire, tests are commonly
made on samples taken from the ends of coils, thereby not
impairing the usefulness of the whole coil.

9. Dimensions, Mass, and Permissible Variations

9.1 The diameter and out-of-roundness of the wire rod shall
not vary from that specified by more than that prescribed in
Table 8.

9.2 The diameter and out-of-roundness of the coarse round
wire and straightened and cut wire shall not vary from that
specified by more than that prescribed in Table 9.

TABLE 6 Rephosphorized and Resulfurized Carbon Steel Cast or Heat Chemical Ranges and Limits

NOTE 1— It is not common practice to produce the 12XX series of steel to specified limits for silicon. Silicon impairs machinability.
NOTE 2—Because of the degree to which phosphorus and sulfur segregate, product analysis for phosphorus and sulfur in the 12XX series steel is not

technologically appropriate unless misapplication is clearly indicated.

UNS DesignationA Grade
No.

Chemical Composition Limits, %

SAE No.Carbon,
max

Manganese Phosphorus Sulfur Lead

G 12110 1211 0.13 0.60 to 0.90 0.07 to 0.12 0.10 to 0.15 . . . 1211
G 12120 1212 0.13 0.70 to 1.00 0.07 to 0.12 0.16 to 0.23 . . . 1212
G 12130 1213 0.13 0.70 to 1.00 0.07 to 0.12 0.24 to 0.33 . . . 1213
G 12150 1215 0.09 0.75 to 1.05 0.04 to 0.09 0.26 to 0.35 . . . 1215
. . . 12L13 0.13 0.70 to 1.00 0.07 to 0.12 0.24 to 0.33 0.15 to 0.35 12L13
. . . 12L14 0.15 0.85 to 1.15 0.04 to 0.09 0.26 to 0.35 0.15 to 0.35 12L14
. . . 12L15 0.09 0.75 to 1.05 0.04 to 0.09 0.26 to 0.35 0.15 to 0.35 12L15

A Designation established in accordance with Practice E 527 and SAE J 1086.

TABLE 7 Permissible Variations for Product Analysis of
Carbon Steel

Element

Limit, or Max of
Specified Range,

%

Over
Max
Limit,

%

Under
Min

Limit,
%

Carbon 0.25 and under 0.02 0.02
over 0.25 to 0.55, incl 0.03 0.03

over 0.55 0.04 0.04
Manganese 0.90 and under 0.03 0.03

over 0.90 to 1.65, incl 0.06 0.06
Phosphorus to 0.040, incl 0.008 . . .
Sulfur to 0.060, incl 0.008 . . .
Silicon 0.35 and under 0.02 0.02

over 0.35 to 0.60, incl 0.05 0.05
CopperA under minimum only . . . 0.02
LeadB 0.15 to 0.35, incl 0.03 0.03

A Product analysis permissible variations for copper apply only when the amount
of copper is specified or required. Copper bearing steels typically specify 0.20 %
min copper.

B Product analysis permissible variations for lead apply only when the amount of
lead is specified or required. A range from 0.15 to 0.35 % lead is normally specified
for leaded steels.
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9.3 The length of straightened and cut wire shall not vary
from that specified by more than that prescribed in Table 10.

9.4 The burrs formed in cutting straightened and cut wire
shall not exceed the diameter specified by more than that
prescribed in Table 11.

10. Workmanship, Finish, and Appearance

10.1 The wire rod shall be free of detrimental surface
imperfections, tangles, and sharp kinks.

10.1.1 Two or more rod coils may be welded together to
produce a larger coil. The weld zone may not be as sound as the
original material. The mechanical properties existing in the
weld metal may differ from those in the unaffected base metal.
The weld may exceed the standard dimensional permissible
variations on the minus side and must be within the permissible
variations on the plus side.

10.2 The wire as received shall be smooth and substantially
free from rust, shall not be kinked or improperly cast. No
detrimental die marks or scratches may be present. Each coil
shall be one continuous length of wire. Welds made during cold
drawing are permitted.

10.3 The straightened and cut wire shall be substantially
straight and not be kinked or show excessive spiral marking.

11. Number of Tests and Retests

11.1 The difficulties in obtaining truly representative
samples of wire rod and coarse round wire without destroying
the usefulness of the coil of wire account for the generally
accepted practice of allowing retests for mechanical tests and
surface examination. Two additional test pieces are cut from
each end of the coil from which the original sample was taken.
A portion of the coil may be discarded prior to cutting the
sample for retest. If any of the retests fails to comply with the
requirements, the coil of wire may be rejected. Before final
rejection, however, it is frequently advisable to base final
decision on an actual trial of the material to determine whether
or not it will do the job for which it is intended.

12. Inspection

12.1 The manufacturer shall afford the purchaser’s inspector
all reasonable facilities necessary to satisfy him that the
material is being produced and furnished in accordance with
this specification. Mill inspection by the purchaser shall not
interfere unnecessarily with the manufacturer’s operations. All
tests and inspections shall be made at the place of manufacture,
unless otherwise agreed to.

13. Rejection and Rehearing

13.1 Any rejection based on tests made in accordance with
this specification shall be reported to the producer within a
reasonable length of time. The material must be adequately
protected and correctly identified in order that the producer
may make a proper investigation.

14. Certification

14.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

TABLE 8 Permissible Variations in Diameter for Wire Rod in
Coils

NOTE 1—For purposes of determining conformance with this specifi-
cation, all specified limits are absolute as defined in Practice E 29.

Diameter of Rod Permissible
Variation,
Plus and
Minus, in.

Permissible
Out-of-

Round, in.Fractions Decimal

7⁄32 to 47⁄64 in., incl 0.219 to 0.734 in., incl 0.016 0.025

TABLE 9 Permissible Variations in Diameter for Uncoated
Coarse Round Wire

NOTE 1— For purposes of determining conformance with this specifi-
cation, all specified limits are absolute as defined in Practice E 29.

In Coils

Diameter of Wire, in.
Permissible Varia-

tions, Plus and
Minus, in.

Permissible Out-
Of-Round, in.

0.035 to under 0.076 0.001 0.001
0.076 to under 0.500 0.002 0.002
0.500 and over 0.003 0.003

Straightened and Cut

Diameter of Wire, in.

Permissible Varia-
tions, Plus and

Minus, in.
Permissible Out-

of-Round, in.

0.035 to under 0.076 0.001 0.001
0.076 to 0.148, incl 0.002 0.002
Over 0.148 to under 0.500 0.003 0.003
0.500 and over 0.004 0.004

TABLE 10 Permissible Variations in Length for Straightened and
Cut Wire

NOTE 1—For purposes of determining conformance with this specifi-
cation, all specified limits are absolute as defined in Practice E 29.

Cut Length, ft Permissible Variations, Plus and Minus, in.

Under 3 1⁄16

3 to 12, incl 3⁄32

Over 12 1⁄8

TABLE 11 Permissible Variations for Burrs for Straightened and
Cut Wire

NOTE 1—For purposes of determining conformance with this specifi-
cation, all specified limits are absolute as defined in Practice E 29.

Diameter of Wire, in.
Permissible Variation over Measured

Diameter, in.

Up to 0.125, incl 0.004
Over 0.125 to 0.250, incl 0.006
Over 0.250 to 0.500, incl 0.008
Over 0.500 0.010
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14.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

15. Packaging and Package Marking

15.1 A tag shall be securely attached to each coil or bundle
and shall be marked with the size, ASTM specification number,
heat or cast number, grade number, and name or mark of the
manufacturer.

15.2 When specified in the purchase order, packaging,
marking, and loading for shipments shall be in accordance with
those procedures recommended by Practices A 700.

15.3 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG B-5 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

16. Keywords

16.1 carbon; carbon steel; coarse round wire; general; grain
size; straightened and cut; weld; wire; wire rods

SUMMARY OF CHANGES

This section identifies the location of selected changes to this standard that have been incorporated since the
A 510-02 issue. For the convenience of the user, Committee A01 has highlighted those changes that impact the
use of this standard. This section may also include descriptions of changes or reasons for changes, or both.

(1) Revised Note 4 in Table 3. (2) Added Note 6 to 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).

A 510 – 03

7



Designation: A 510M – 03

METRIC

Standard Specification for
General Requirements for Wire Rods and Coarse Round
Wire, Carbon Steel [Metric] 1

This standard is issued under the fixed designation A 510M; 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 general requirements for car-
bon steel wire rods and uncoated coarse round wire in coils or
straightened and cut lengths.

1.2 In case of conflict, the requirements in the purchase
order, on the drawing, in the individual specification, and
in this general specification shall prevail in the sequence
named.

NOTE 1—This metric specification is equivalent to Specification A 510,
and is compatible in technical content.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

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

E 30 Test Methods for Chemical Analysis of Steel, Cast
Iron, Open-Hearth Iron, and Wrought Iron5

E 112 Test Methods for Determining Average Grain Size6

E 527 Practice for Numbering Metals and Alloys (UNS)7

2.2 Society of Automotive Engineers Standard:8

J 1086 Numbering Metals and Alloys
2.3 AIAG Standard:
AIAG B-5 02.00 Primary Metals Identification Tag Appli-

cation Standard9

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 carbon steel—steel is considered to be carbon steel

when no minimum content is specified or required for alumi-
num, chromium, cobalt, columbium, molybdenum, nickel,
titanium, tungsten, vanadium, or zirconium, or any other
element added to obtain a desired alloying effect; when the
specified minimum for copper does not exceed 0.40 %; or
when the maximum content specified for any of the following
elements does not exceed these percentages: manganese 1.65,
silicon 0.60, or copper 0.60.

3.1.2 Discussion— In all carbon steels small quantities of
certain unspecified and unrequired residual elements (such as
copper, nickel, molybdenum, chromium, etc.) unavoidably
retained from raw materials are sometimes found. These
elements are considered as incidental and are not normally
determined or reported.

Elements (such as sulfur and lead) may be specified to
improve machinability of carbon steels.

3.1.3 coarse round wire—from 0.90 to 25 mm in diameter,
inclusive, wire produced from hot-rolled wire rods or hot-
rolled coiled rounds by one or more cold reductions primarily
for the purpose of obtaining a desired size with dimensional
accuracy, surface finish, and mechanical properties. By varying
the amount of cold reduction and other wire mill practices,
including thermal treatment, a wide diversity of mechanical
properties and finishes are made available. Suggested wire
diameters are shown in Table 1.

1 This specification is under the jurisdiction of ASTM Committee A1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved Sept. 10, 2003. Published Sept. 2003. Originally
approved in 1977. Last previous edition approved in 2002 as A 510M – 02.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Discontinued—See 1994Annual Book of ASTM Standards, Vol 03.05.
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3.1.4 straightened and cut wire—wire produced from coils
of wire by means of special machinery that straightens the wire
and cuts it to a specified length.

3.1.5 Discussion—The straightening operation may alter
the mechanical properties of the wire, especially the tensile
strength. The straightening operation may also induce changes
in the diameter of the wire. The extent of the changes in the
properties of the wire after cold straightening depends upon the
kind of wire and also on the normal variation in the adjust-
ments of the straightening equipment. It is therefore not
possible to forecast the properties of straightened and cut wire.
Each kind of wire needs individual consideration. In most
cases, the application of straightened and cut wire is not
seriously influenced by these changes.

3.1.6 wire rods—rods that are hot rolled from billets to an
approximately round cross section and into coils of one
continuous length. Rods are not comparable to hot-rolled bars
in accuracy of cross section or surface finish and as a
semi-finished product are intended primarily for the manufac-
ture of wire.

3.1.7 Discussion—Table 2 shows the nominal diameter for

hot-rolled wire rods. Sizes are shown in 0.5-mm increments
from 5.5 to 19 mm.

4. Ordering Information

4.1 Orders for hot-rolled wire rods under this specification
should include the following information:

4.1.1 Quantity (kilograms or megagrams),
4.1.2 Name of material (wire rods),
4.1.3 Diameter (Table 2),
4.1.4 Chemical composition grade number (Table 3, Table

4, Table 5, and Table 6),
4.1.5 Packaging,
4.1.6 ASTM designation and date of issue, and
4.1.7 Special requirements, if any_____.

NOTE 2—A typical ordering description is as follows: 50 000 kg Steel
Wire Rods, 5.5 mm, Grade G10100 in approximately 600-kg Coils to
ASTM A 510M-XX.

4.2 Orders for coarse round wire under this specification
shall include the following information:

4.2.1 Quantity (kilograms or pieces),
4.2.2 Name of material (uncoated carbon steel wire),
4.2.3 Diameter (Table 1),
4.2.4 Length (straightened and cut only),
4.2.5 Chemical composition (Table 3, Table 4, Table 5, and

Table 6),
4.2.6 Packaging,
4.2.7 ASTM designation and date of issue, and
4.2.8 Special requirements, if any.

NOTE 3—A typical ordering description is as follows: 15 000 kg
Uncoated Carbon Steel Wire, 3.8 mm diameter, Grade G10080 in 1000-kg
Coils on Tubular Carriers, to ASTM A 510M-XX, or 2500 Pieces, Carbon
Steel Wire, 9.5 mm diameter, Straightened and Cut, 0.76 m, Grade
G10500, in 25-Piece Bundles on Pallets to ASTM A 510M-XX.

5. Manufacture

5.1 The steel may be made by any commercially accepted
steel making process. The steel may be either ingot cast or
strand cast.

6. Chemical Composition

6.1 The chemical composition for steel under this specifi-
cation shall conform to the requirements set forth in the
purchase order. Chemical compositions are specified by ranges
or limits for carbon and other elements. The grades commonly
specified for carbon steel wire rods and coarse round wire are
shown in Table 3, Table 4, Table 5, and Table 6.

6.2 Cast or Heat Analysis—An analysis of each heat shall
be made by the producer to determine the percentage of the
elements specified. The analysis shall be made from a test
sample, preferably taken during the pouring of the heat. The
chemical composition thus determined shall be reported, if
required, to the purchaser or his representative. Reporting of
significant figures and rounding shall be in accordance with
Test Methods, Practices, and Terminology A 751.

6.3 Product Analysis—A product analysis may be made by
the purchaser. The analysis is not used for a duplicate analysis
to confirm a previous result. The purpose of the product
analysis is to verify that the chemical composition is within

TABLE 1 Suggested Diameters for Steel Wire, mm

0.90 6.0
1.00 6.5
1.10 7.0
1.20 7.5
1.30 8.0
1.40 8.5
1.60 9.0
1.80 9.5
2.0 10.0
2.1 11.0
2.2 12.0
2.4 13.0
2.5 14.0
2.6 15.0
2.8 16.0
3.0 17.0
3.2 18.0
3.5 19.0
3.8 20.0
4.0 21.0
4.2 22.0
4.5 23.0
4.8 24.0
5.0 25.0
5.5

TABLE 2 Sizes of Wire Rods, mm

5.5 12.5
6 13
6.5 13.5
7 14
7.5 14.5
8 15
8.5 15.5
9 16
9.5 16.5

10 17
10.5 17.5
11 18
11.5 18.5
12 19

A 510M – 03
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TABLE 3 Nonresulfurized Carbon Steel Cast or Heat Chemical Ranges and Limits

NOTE 1—Silicon—When silicon is required the following ranges and limits are commonly used for nonresulfurized carbon steels: 0.10 max %, 0.07
to 0.15 %, 0.10 to 0.20 %, 0.15 to 0.35 %, 0.20 to 0.40 %, or 0.30 to 0.60 %.

NOTE 2—Copper—When required, copper is specified as an added element.
NOTE 3—Lead—When lead is required as an added element, a range from 0.15 to 0.35 % is specified. Such a steel is identified by inserting the letter

“L” between the second and third numerals of the grade number, for example, 10L18.
NOTE 4—Boron Addition to Improve Hardenability—Standard killed carbon steels, which are fine grain, may be produced with a boron addition to

improve hardenability and typically contain an intentional addition of .01 % minimum titanium. Such steels are produced to a range of 0.0005 to 0.003 %
boron. These steels are identified by inserting the letter “B” between the second and third numerals of the grade number, for example, 10B46. The UNS
designation is also modified by changing the last digit to “1” to indicate boron, for example, G 10461.

NOTE 5—Boron Additions to Control Strain-Ageing Behavior—Intentional additions of boron to low carbon steels for the purpose of controlling
strain-ageing behavior during wire drawing is permissible only with the agreement of the purchaser. In such cases, the boron content shall be reported
in either a material test report or certification.

NOTE 6—For steels that do not have intentional boron additions for hardenability or for control of strain aging behavior, the boron content will not
normally exceed .0008 %.

UNS
DesignationA Grade No.

Chemical Composition Limits, %

SAE No.Carbon Manganese Phosphorus,
max

Sulfur, max

G 10050 1005 0.06 max 0.35 max 0.040 0.050 1005
G 10060 1006 0.08 max 0.25 to 0.40 0.040 0.050 1006
G 10080 1008 0.10 max 0.30 to 0.50 0.040 0.050 1008
G 10100 1010 0.08 to 0.13 0.30 to 0.60 0.040 0.050 1010
G 10110 1011 0.08 to 0.13 0.60 to 0.90 0.040 0.050 1011
G 10120 1012 0.10 to 0.15 0.30 to 0.60 0.040 0.050 1012
G 10130 1013 0.11 to 0.16 0.50 to 0.80 0.040 0.050 1013
G 10150 1015 0.13 to 0.18 0.30 to 0.60 0.040 0.050 1015
G 10160 1016 0.13 to 0.18 0.60 to 0.90 0.040 0.050 1016
G 10170 1017 0.15 to 0.20 0.30 to 0.60 0.040 0.050 1017
G 10180 1018 0.15 to 0.20 0.60 to 0.90 0.040 0.050 1018
G 10190 1019 0.15 to 0.20 0.70 to 1.00 0.040 0.050 1019
G 10200 1020 0.18 to 0.23 0.30 to 0.60 0.040 0.050 1020
G 10210 1021 0.18 to 0.23 0.60 to 0.90 0.040 0.050 1021
G 10220 1022 0.18 to 0.23 0.70 to 1.00 0.040 0.050 1022
G 10230 1023 0.20 to 0.25 0.30 to 0.60 0.040 0.050 1023
G 10250 1025 0.22 to 0.28 0.30 to 0.60 0.040 0.050 1025
G 10260 1026 0.22 to 0.28 0.60 to 0.90 0.040 0.050 1026
G 10290 1029 0.25 to 0.31 0.60 to 0.90 0.040 0.050 1029
G 10300 1030 0.28 to 0.34 0.60 to 0.90 0.040 0.050 1030
G 10340 1034 0.32 to 0.38 0.50 to 0.80 0.040 0.050 . . .
G 10350 1035 0.32 to 0.38 0.60 to 0.90 0.040 0.050 1035
G 10370 1037 0.32 to 0.38 0.70 to 1.00 0.040 0.050 1037
G 10380 1038 0.35 to 0.42 0.60 to 0.90 0.040 0.050 1038
G 10390 1039 0.37 to 0.44 0.70 to 1.00 0.040 0.050 1039
G 10400 1040 0.37 to 0.44 0.60 to 0.90 0.040 0.050 1040
G 10420 1042 0.40 to 0.47 0.60 to 0.90 0.040 0.050 1042
G 10430 1043 0.40 to 0.47 0.70 to 1.00 0.040 0.050 1043
G 10440 1044 0.43 to 0.50 0.30 to 0.60 0.040 0.050 1044
G 10450 1045 0.43 to 0.50 0.60 to 0.90 0.040 0.050 1045
G 10460 1046 0.43 to 0.50 0.70 to 1.00 0.040 0.050 1046
G 10490 1049 0.46 to 0.53 0.60 to 0.90 0.040 0.050 1049
G 10500 1050 0.48 to 0.55 0.60 to 0.90 0.040 0.050 1050
G 10530 1053 0.48 to 0.55 0.70 to 1.00 0.040 0.050 1053
G 10550 1055 0.50 to 0.60 0.60 to 0.90 0.040 0.050 1055
G 10590 1059 0.55 to 0.65 0.50 to 0.80 0.040 0.050 1059
G 10600 1060 0.55 to 0.65 0.60 to 0.90 0.040 0.050 1060
G 10640 1064 0.60 to 0.70 0.50 to 0.80 0.040 0.050 1064
G 10650 1065 0.60 to 0.70 0.60 to 0.90 0.040 0.050 1065
G 10690 1069 0.65 to 0.75 0.40 to 0.70 0.040 0.050 1069
G 10700 1070 0.65 to 0.75 0.60 to 0.90 0.040 0.050 1070
G 10740 1074 0.70 to 0.80 0.50 to 0.80 0.040 0.050 1074
G 10750 1075 0.70 to 0.80 0.40 to 0.70 0.040 0.050 1075
G 10780 1078 0.72 to 0.85 0.30 to 0.60 0.040 0.050 1078
G 10800 1080 0.75 to 0.88 0.60 to 0.90 0.040 0.050 1080
G 10840 1084 0.80 to 0.93 0.60 to 0.90 0.040 0.050 1084
G 10850 1085 0.80 to 0.93 0.70 to 1.00 0.040 0.050 1085
G 10860 1086 0.80 to 0.93 0.30 to 0.50 0.040 0.050 1086
G 10900 1090 0.85 to 0.98 0.60 to 0.90 0.040 0.050 1090
G 10950 1095 0.90 to 1.03 0.30 to 0.50 0.040 0.050 1095

A Designation established in accordance with Practice E 527 and SAE J 1086.
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specified limits for each element, including applicable permis-
sible variations in product analysis. The results of analyses
taken from different pieces of a heat may differ within
permissible limits from each other and from the heat analysis.
Table 7 shows the permissible variations for product analysis
of carbon steel. The results of the product analysis, except lead,
shall not vary both above and below the permissible limits.

6.3.1 Rimmed or capped steels are characterized by a lack
of uniformity in their chemical composition, especially for the
elements carbon, phosphorus, and sulfur, and for this reason

product analysis is not technologically appropriate for these
elements unless misapplication is clearly indicated.

6.3.2 Because of the degree to which phosphorus and sulfur
segregate, product analysis for these elements is not techno-
logically appropriate for rephosphorized or resulfurized steels,
or both, unless misapplication is clearly indicated.

6.3.3 The location at which chips for product analysis are
obtained from the sample is important because of segregation.
For rods and wire, chips must be taken by milling or machining
the full cross section of the sample.

TABLE 4 Nonresulfurized Carbon Steel, High Manganese, Cast or Heat Chemical Ranges and Limits

NOTE 1—Silicon—When silicon is required the following ranges and limits are commonly used for nonresulfurized carbon steels: 0.10 max %, 0.07
to 0.15 %, 0.10 to 0.20 %, 0.15 to 0.35 %, 0.20 to 0.40 %, or 0.30 to 0.60 %.

NOTE 2—Copper—When required, copper is specified as an added element.
NOTE 3—Lead—When lead is required as an added element a range from 0.15 to 0.35 % is specified. Such a steel is identified by inserting the letter

“L’’ between the second and third numerals of the grade number, for example, 15L18.

UNS
DesignationA

Grade No. Chemical Composition Limits, %

SAE No.Carbon Manganese Phosphorus,
max

Sulfur,
max

G 15130 1513 0.10 to 0.16 1.10 to 1.40 0.040 0.050 1513
G 15180 1518 0.15 to 0.21 1.10 to 1.40 0.040 0.050 1518
G 15220 1522 0.18 to 0.24 1.10 to 1.40 0.040 0.050 1522
G 15240 1524B 0.19 to 0.25 1.35 to 1.65 0.040 0.050 1524
G 15250 1525 0.23 to 0.29 0.80 to 1.10 0.040 0.050 1525
G 15260 1526 0.22 to 0.29 1.10 to 1.40 0.040 0.050 1526
G 15270 1527B 0.22 to 0.29 1.20 to 1.50 0.040 0.050 1527
G 15360 1536B 0.30 to 0.37 1.20 to 1.50 0.040 0.050 1536
G 15410 1541B 0.36 to 0.44 1.35 to 1.65 0.040 0.050 1541
G 15470 1547 0.43 to 0.51 1.35 to 1.65 0.040 0.050 1547
G 15480 1548B 0.44 to 0.52 1.10 to 1.40 0.040 0.050 1548
G 15510 1551B 0.45 to 0.56 0.85 to 1.15 0.040 0.050 1551
G 15520 1552B 0.47 to 0.55 1.20 to 1.50 0.040 0.050 1552
G 15610 1561B 0.55 to 0.65 0.75 to 1.05 0.040 0.050 1561
G 15660 1566B 0.60 to 0.71 0.85 to 1.15 0.040 0.050 1566
G 15720 1572B 0.65 to 0.76 1.00 to 1.30 0.040 0.050 1572

A Designation established in accordance with Practice E 527 and SAE J 1086.
BThese grades were formerly designated as 10XX steels.

TABLE 5 Resulfurized Carbon Steels, Cast or Heat Chemical Ranges and Limits

NOTE 1—Silicon—When silicon is required, the following ranges and limits are commonly used: Up to 1110, incl, 0.10 max %, 1116 and over, 0.10
max %, 0.10 to 0.20 %, or 0.15 to 0.35 %.

NOTE 2—Because of the degree to which sulfur segregates, products analysis for sulfur in resulfurized carbon steel is not technologically appropriate
unless misapplication is clearly indicated.

UNS
DesignationA Grade No.

Chemical Composition Limits, %

SAE No.Carbon Manganese Phosphorus,
max

Sulfur

G 11080 1108 0.08 to 0.13 0.50 to 0.80 0.040 0.08 to 0.13 1108
G 11090 1109 0.08 to 0.13 0.60 to 0.90 0.040 0.08 to 0.13 1109
G 11100 1110 0.08 to 0.13 0.30 to 0.60 0.040 0.08 to 0.13 1110
G 11160 1116 0.14 to 0.20 1.10 to 1.40 0.040 0.16 to 0.23 1116
G 11170 1117 0.14 to 0.20 1.00 to 1.30 0.040 0.08 to 0.13 1117
G 11180 1118 0.14 to 0.20 1.30 to 1.60 0.040 0.08 to 0.13 1118
G 11190 1119 0.14 to 0.20 1.00 to 1.30 0.040 0.24 to 0.33 1119
G 11320 1132 0.27 to 0.34 1.35 to 1.65 0.040 0.08 to 0.13 1132
G 11370 1137 0.32 to 0.39 1.35 to 1.65 0.040 0.08 to 0.13 1137
G 11390 1139 0.35 to 0.43 1.35 to 1.65 0.040 0.13 to 0.20 1139
G 11400 1140 0.37 to 0.44 0.70 to 1.10 0.040 0.08 to 0.13 1140
G 11410 1141 0.37 to 0.45 1.35 to 1.65 0.040 0.08 to 0.13 1141
G 11440 1144 0.40 to 0.48 1.35 to 1.65 0.040 0.24 to 0.33 1144
G 11450 1145 0.42 to 0.49 0.70 to 1.00 0.040 0.04 to 0.07 1145
G 11460 1146 0.42 to 0.49 0.70 to 1.00 0.040 0.08 to 0.13 1146
G 11510 1151 0.48 to 0.55 0.70 to 1.00 0.040 0.08 to 0.13 1151

A Designation established in accordance with Practice E 527 and SAE J 1086.
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6.3.3.1 Steel subjected to certain heat treating operations by
the purchaser may not give chemical analysis results that
properly represent its original composition. Therefore, pur-
chasers should analyze chips taken from the steel in the
condition in which it is received from the producer.

6.3.3.2 When samples are returned to the producer for
product analysis, the samples should consist of pieces of the
full cross section.

6.3.4 For referee purposes, Test Methods E 30 shall be used.

7. Metallurgical Structure

7.1 Grain size, when specified, shall be determined in
accordance with the requirements of Test Methods E 112.

7.2 Wire rods of the steel grades listed in Table 3, when
supplied in the “as-rolled’’ condition, shall not contain injuri-
ous microconstituents such as untempered martensite.

8. Mechanical Properties

8.1 The properties enumerated in individual specifications
shall be determined in accordance with Test Methods and
Definitions A 370.

8.2 Because of the great variety in the kinds of wire and the
extensive diversity of end uses, a number of formal mechanical
test procedures have been developed. These tests are used as

control tests by producers during the intermediate stages of
wire processing, as well as for final testing of the finished
product, and apply particularly to specification wire and wires
for specific applications. A number of these tests are further
described in Supplement IV, Round Wire Products, of Test
Methods and Definitions A 370.

8.3 Since the general utility of rods and wire requires
continuity of length, in the case of rods, tests are commonly
made on samples taken from the ends of coils after removing
two to three rings. In the case of wire, tests are commonly
made on samples taken from the ends of coils, thereby not
impairing the usefulness of the whole coil.

9. Dimensions, Mass, and Permissible Variations

9.1 The diameter and out-of-roundness of the wire rod shall
not vary from that specified by more than that prescribed in
Table 8.

9.2 The diameter and out-of-roundness of the coarse round
wire and straightened and cut wire shall not vary from that
specified by more than that prescribed in Table 9.

9.3 The length of straightened and cut wire shall not vary
from that specified by more than that prescribed in Table 10.

9.4 The burrs formed in cutting straightened and cut wire
shall not exceed the diameter specified by more than that
prescribed in Table 11.

10. Workmanship, Finish, and Appearance

10.1 The wire rod shall be free of detrimental surface
imperfections, tangles, and sharp kinks.

10.1.1 Two or more rod coils may be welded together to
produce a larger coil. The weld zone may not be as sound as the
original material. The mechanical properties existing in the
weld material may differ from those in the unaffected base

TABLE 6 Rephosphorized and Resulfurized Carbon Steel Cast or Heat Chemical Ranges and Limits

NOTE 1—It is not common practice to produce the 12XX series of steel to specified limits for silicon. Silicon impairs machinability.
NOTE 2—Because of the degree to which phosphorus and sulfur segregate, product analysis for phosphorus and sulfur in the 12XX series steel is not

technologically appropriate unless misapplication is clearly indicated.

UNS
DesignationA

Grade
No.

Chemical Composition Limits, %

SAE No.Carbon,
max

Manganese Phosphorus Sulfur Lead

G 12110 1211 0.13 0.60 to 0.90 0.07 to 0.12 0.10 to 0.15 . . . 1211
G 12120 1212 0.13 0.70 to 1.00 0.07 to 0.12 0.16 to 0.23 . . . 1212
G 12130 1213 0.13 0.70 to 1.00 0.07 to 0.12 0.24 to 0.33 . . . 1213
G 12150 1215 0.09 0.75 to 1.05 0.04 to 0.09 0.26 to 0.35 . . . 1215
. . . 12L13 0.13 0.70 to 1.00 0.07 to 0.12 0.24 to 0.33 0.15 to 0.35 12L13
. . . 12L14 0.15 0.85 to 1.15 0.04 to 0.09 0.26 to 0.35 0.15 to 0.35 12L14
. . . 12L15 0.09 0.75 to 1.05 0.04 to 0.09 0.26 to 0.35 0.15 to 0.35 12L15

A Designation established in accordance with Practice E 527 and SAE J 1086.

TABLE 7 Permissible Variations for Product Analysis of Carbon
Steel

Element Limit, or Max of
Specified Range, %

Over
Max

Limit, %

Under
Min

Limit, %

Carbon 0.25 and under 0.02 0.02
over 0.25 to 0.55, incl 0.03 0.03
over 0.55 0.04 0.04

Manganese 0.90 and under 0.03 0.03
over 0.90 to 1.65, incl 0.06 0.06

Phosphorus to 0.040, incl 0.008 . . .
Sulfur to 0.060, incl 0.008 . . .
Silicon 0.35 and under 0.02 0.02

over 0.35 to 0.60, incl 0.05 0.05
CopperA under minimum only . . . 0.02
LeadB 0.15 to 0.35, incl 0.03 0.03

A Product analysis permissible variations for copper apply only when the amount
of copper is specified or required. Copper bearing steels typically specify 0.20 %
min copper.

B Product analysis permissible variations for lead apply only when the amount of
lead is specified or required. A range from 0.15 to 0.35 % lead is normally specified
for leaded steels.

TABLE 8 Permissible Variation in Diameter for Wire Rod in Coils

NOTE 1—For purposes of determining conformance with this specifi-
cation, all specified limits in this table are absolute limits as defined in
Practice E 29.

Diameter of
Rod, mm

Permissible
Variation, Plus
and Minus, mm

Permissible
Out-of-Round,

mm

5.5 to 19 0.40 0.60

A 510M – 03
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metal. The weld may exceed the standard dimensional permis-
sible variations on the minus side and must be within the
permissible variations on the plus side.

10.2 The wire as received shall be smooth and substantially
free from rust, shall not be kinked or improperly cast. No
detrimental die marks or scratches may be present. Each coil
shall be one continuous length of wire. Welds made during cold
drawing are permitted.

10.3 The straightened and cut wire shall be substantially
straight and not be kinked or show excessive spiral marking.

11. Number of Tests and Retests

11.1 The difficulties in obtaining truly representative
samples of wire rod and coarse round wire without destroying

the usefulness of the coil of wire account for the generally
accepted practice of allowing retests for mechanical tests and
surface examination. An additional test piece is cut from each
end of the coil from which the original sample was taken. A
portion of the coil may be discarded prior to cutting the sample
for retest. If any of the retests fail to comply with the
requirements, the coil of wire may be rejected. Before final
rejection, however, it is frequently advisable to base final
decision on an actual trial of the material to determine whether
or not it will do the job for which it is intended.

12. Inspection

12.1 The manufacturer shall afford the purchaser’s inspector
all reasonable facilities necessary to satisfy him that the
material being produced and furnished is in accordance with
this specification. Mill inspection by the purchaser shall not
interfere unnecessarily with the manufacturer’s operations. All
tests and inspections shall be made at the place of manufacture,
unless otherwise agreed upon.

13. Rejection and Rehearing

13.1 Any rejection based on tests made in accordance with
this specification shall be reported to the producer within a
reasonable length of time. The material must be adequately
protected and correctly identified in order that the producer
may make a proper investigation.

14. Certification

14.1 Upon request of the purchaser in the contract or order,
a manufacturer’s certification that the material was manufac-
tured and tested in accordance with this specification together
with a report of the test results shall be furnished at the time of
shipment.

14.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

15. Packaging and Package Marking

15.1 A tag shall be securely attached to each coil or bundle
and shall be marked with the size, ASTM specification number,
heat or cast number, grade number, and name or mark of the
manufacturer.

15.2 When specified in the purchase order, packaging,
marking, and loading for shipments shall be in accordance with
those procedures recommended by Practices A 700.

15.3 Bar Coding—In addition to the previously-stated
identification requirements, bar coding is acceptable as a
supplementary identification method. Bar coding should be
consistent with AIAG B-5 02.00, Primary Metals Identification
Tag Application. The bar code may be applied to a substantially
affixed tag.

16. Keywords

16.1 carbon; coarse round wire; general; metric; straight-
ened and cut; weld; wire rods

TABLE 9 Permissible Variation in Diameter for Uncoated Coarse
Round Wire

NOTE 1—For purposes of determining conformance with this specifi-
cation, all specified limits in this table are absolute limits as defined in
Practice E 29.

In Coils

Diameter of
Wire, mm

Permissible
Variation, Plus
and Minus, mm

Permissible
Out-of-Round,

mm

0.90 to under 1.90 0.03 0.03
1.90 to under 12.5 0.05 0.05
12.5 and over 0.08 0.08

Straightened and Cut

0.90 to under 1.90
1.90 to under 3.80

0.03
0.05

0.03
0.05

3.80 to under 12.5
12.5 and over

0.08
0.10

0.08
0.10

TABLE 10 Permissible Variation in Length for Straightened and
Cut Wire

NOTE 1—For purposes of determining conformance with this specifi-
cation, all specified limits in this table are absolute limits as defined in
Practice E 29.

Cut Length, m Permissible Variations,
Plus and Minus, mm

Under 1.0 1.6
1.0 to 4.0 2.4
Over 4.0 3.0

TABLE 11 Permissible Variation for Burrs for Straightened and
Cut Wire

NOTE 1—For purposes of determining conformance with this specifi-
cation, all specified limits in this table are absolute limits as defined in
Practice E 29.

Diameter of Wire, mm Permissible Variations,
over Measured Diam-

eter, mm

Up to 3.0, incl 0.10
Over 3.0 to 6.5, incl 0.15
Over 6.5 to 12.5, incl 0.20
Over 12.5 0.25

A 510M – 03
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SUMMARY OF CHANGES

This section identifies the location of selected changes to this standard that have been incorporated since the
A 510M-02 issue. For the convenience of the user, Committee A01 has highlighted those changes that impact
the use of this standard. This section may also include descriptions of changes or reasons for changes, or both.

(1) Revised Note 4 in Table 3. (2) Added Note 6 to 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: A 555/A 555M – 97 (Reapproved 2002)

Standard Specification for
General Requirements for Stainless Steel Wire and Wire
Rods 1

This standard is issued under the fixed designation A 555/A 555M; 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 general requirements that shall
apply to stainless wire and wire rods. Wire rods are a
semifinished product intended primarily for the manufacture of
wire. Wire is intended primarily for cold forming, including
coiling, stranding, weaving, heading and machining as covered
under the latest revision of each of the following ASTM
specifications: A 313/A 313M, A 368, A 478, A 492, A 493,
A 580/A 580M and A 581/A 581M.

1.2 In case of conflicting requirements, the individual ma-
terial specification and this general requirement specification
shall prevail in the order named.

1.3 General requirements for flat products other than wire
are covered in Specification A 480/A 480M.

1.4 General requirements for bar and billet products are
covered in Specification A 484/A 484M.

1.5 The values stated in inch-pound units or SI (metric)
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 are not exact equivalents; therefore, each
system must be used independent of the other. Combining
values from the two systems may result in nonconformance
with the specification.

1.6 Unless the order specifies the applicable metric specifi-
cation designation, the material shall be furnished in the
inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:
A 262 Practices for Detecting Susceptibility to Intergranu-

lar Attack in Austenitic Stainless Steels2

A 313/A 313M Specification for Stainless Steel Spring
Wire2

A 368 Specification for Stainless Steel Wire Strand3

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products2

A 478 Specification for Chromium-Nickel Stainless Steel
Weaving and Knitting Wire2

A 480/A 480M Specification for General Requirements for
Flat-Rolled Stainless and Heat-Resisting Steel Plate,
Sheet, and Strip2

A 484/A 484M Specification for General Requirements for
Stainless and Heat-Resisting Bars, Billets, and Forgings2

A 492 Specification for Stainless Steel Rope Wire3

A 493 Specification for Stainless Steel Wire and Wire Rods
for Cold Heading and Cold Forging2

A 580/A 580M Specification for Stainless Steel Wire2

A 581/A 581M Specification for Free-Machining Stainless
and Heat-Resisting Steel Wire and Wire Rods2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

E 112 Test Methods for Determining Average Grain Size4

2.2 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)5

2.3 Military Standards:
MIL-STD-129 Marking for Shipment and Storage5

MIL-STD-163 Preservation of Steel Products for Domestic
Shipment5

2.4 Other Standard:
Primary Metals Bar Code Standard6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved March 10, 1997. Published November 1997. Originally
published as A 555 – 65. Last previous edition A 555/A 555M – 94a.

2 Annual Book of ASTM Standards, Vol 01.03.

3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094. Attn: NPODS.
6 Automotive Industry Action Group, 26200 Lahser Road, Suite 200, Southfield,

MI 48034.

1
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3.1.1 bar—wire that has been straightened and cut (see
Specification A 484/A 484M). However, a straightened and cut
small diameter product is often called straightened and cut
wire.

3.1.2 wire—as covered by this specification and the speci-
fications itemized in 1.1, is any round or shaped cold-reduced
product, in coils only, produced by cold-finishing coiled wire
rod.

3.1.3 wire rods—semifinished product intended primarily
for the manufacture of wire. They are hot rolled generally to an
approximate round cross section in continuous length coils.

4. Materials and Manufacture

4.1 The material may be furnished in one of the conditions
detailed in the applicable material specification, that is, an-
nealed, bright annealed, cold worked, or as otherwise specified
on the purchase order.

4.2 A variety of finishes, coatings, and lubricants are avail-
able. The particular type used is dependent upon the specific
end use. Unless otherwise specified, the finish, coating, and
lubricant will be furnished as required by the individual
material specification or purchase order.

5. Chemical Composition

5.1 Heat or Cast Analysis—The chemical analysis of each
heat shall be determined in accordance with the applicable
material specification and Test Methods, Practices, and Termi-
nology A 751.

5.2 Product Analysis—When required, a product analysis
shall be determined in accordance with Test Methods, Prac-
tices, and Terminology A 751. The chemical composition thus
determined shall conform to the tolerances shown in Table 1.

5.3 The steel shall not contain an unspecified element for
the ordered grade to the extent that the steel conforms to the
requirements of another grade in the referencing product
specification, and any of the product specifications within the
scope of this general specification, for which that element has
a specified minimum.

6. Permissible Variations in Dimensions

6.1 Unless otherwise specified in the purchase order, the
product shall conform to the permissible variations in dimen-
sions as specified in Tables 2-5 of this specification.

7. Workmanship, Finish, and Appearance

7.1 The material shall be of uniform quality consistent with
good manufacturing and inspection practices. Imperfections
that may be present shall be of such a nature or degree, for the
type and quality ordered, that they will not adversely affect the
forming, machining, or fabrication of finished parts.

8. Lot Size

8.1 A lot for product analysis shall consist of all wire made
from the same heat.

8.2 For other tests required by the product specification, a
lot shall consist of all product of the same size, same heat, and
produced under the same processing conditions. All austenitic,
ferritic, and free-machining stainless steels, as well as marten-
sitic grades when annealed to Condition A and precipitation or

age hardening grades when solution treated, may be heat
treated in more than one charge in the same furnace or in
several furnaces, utilizing controlled processing and equipment
(see appendix). However, when heat treating martensitic stain-
less steels to Condition T or H and when age hardening the
precipitation hardening stainless steels, a lot shall consist of the
same size, same heat, and the same heat treat charge in a
batch-type furnace or under the same conditions in a continu-
ous furnace.

9. Number of Tests and Retests

9.1 Unless otherwise specified in the product specification,
one sample per heat shall be selected for chemical analysis and
one mechanical test sample shall be selected from each lot of
wire. All tests shall conform to the chemical and mechanical
requirements of the material specification.

9.2 One intergranular corrosion test, when required, and one
grain size test, when required, shall be made from each lot. It
is often convenient to obtain test material from the specimen
selected for mechanical testing.

9.3 If any test specimen shows imperfections that may affect
the test results, it may be discarded and another specimen
substituted.

9.4 If the results of any test lot are not in conformance with
the requirements of this specification and the applicable
product specification, a retest sample of two specimens may be
tested to replace each failed specimen of the original sample. If
one of the retest specimens fails, the lot shall be rejected.

10. Retreatment

10.1 Where failure of any lot is due to inadequate heat
treatment, the material may be reheat treated and resubmitted
for test.

11. Test Methods

11.1 The properties enumerated in applicable specifications
shall be determined in accordance with the following ASTM
methods:

11.1.1 Chemical Analysis—Test Methods, Practices, and
Terminology A 751.

11.1.2 Tension Test—Test Methods and Definitions A 370.
11.1.3 Intergranular Corrosion(when required)—Practice

E of Practices A 262.
11.1.4 Grain Size(when required)—Test Methods E 112.

12. Inspection

12.1 For Civilian Procurement—Inspection of the material
shall be as agreed upon between the purchaser and the supplier
as part of the purchase contract.

12.2 For Government Procurement—Unless otherwise
specified in the contract or purchase order: (1) the seller is
responsible for the performance of all inspection and test
requirements in this specification, (2) the seller may use his
own or other suitable facilities for the performance of the
inspection and testing, and (3) the purchaser shall have the
right to perform any of the inspection and tests set forth in this
specification. The manufacturer shall afford the purchaser’s
inspector all reasonable facilities necessary to satisfy him that
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the material is being furnished in accordance with the inspec-
tion. Inspection by the purchaser shall not interfere unneces-
sarily with the manufacturer.

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 producer or supplier promptly, preferably in writing. In
case of dissatisfaction with the results of the test, the producer
or supplier may make claim for a rehearing.

TABLE 1 Product Analysis Tolerances

NOTE— This table specifies tolerances over the maximum limits or under the minimum limits of the chemical requirements of the applicable material
specification (see 1.1); it does not apply to heat analysis.

Element
Upper Limit or Maximum
of Specified Range, %

Tolerances over the
Maximum (Upper

Limit) or Under the
Minimum (Lower

Limit)

Element
Upper Limit or Maximum
of Specified Range, %

Tolerances over the
Maximum (Upper

Limit) or Under the
Minimum (Lower

Limit)

Carbon to 0.010, incl 0.002 Cobalt over 0.05 to 0.50, incl 0.01
over 0.010 to 0.030, incl 0.005 over 0.50 to 2.00, incl 0.02
over 0.030 to 0.20, incl 0.01 over 2.00 to 5.00, incl 0.05
over 0.20 to 0.60, incl 0.02 over 5.00 to 10.00, incl 0.10
over 0.60 to 1.20, incl 0.03 over 10.00 to 15.00, incl 0.15

over 15.00 to 22.00, incl 0.20
Manganese to 1.00, incl 0.03 over 22.00 to 30.00, incl 0.25

over 1.00 to 3.00, incl 0.04
over 3.00 to 6.00, incl 0.05 Columbium to 1.50, incl 0.05
over 6.00 to 10.00, incl 0.06 + over 1.50 to 5.00, incl 0.10
over 10.00 to 15.00, incl 0.10 tantalum over 5.00 0.15
over 15.00 to 20.00, incl 0.15

Phosphorus to 0.040, incl
over 0.040 to 0.20, incl

0.005
0.010

Tantalum to 0.10, incl 0.02

Sulfur to 0.040, incl
over 0.040 to 0.20, incl
over 0.20 to 0.50, incl

0.005
0.010
0.020

Copper to 0.50, incl
over 0.50 to 1.00, incl

0.03
0.05

over 1.00 to 3.00, incl
over 3.00 to 5.00, incl
over 5.00 to 10.00, incl

0.10
0.15
0.20

Silicon to 1.00, incl
over 1.00 to 3.00, incl

0.05
0.10

Chromium over 4.00 to 10.00, incl
over 10.00 to 15.00, incl
over 15.00 to 20.00, incl
over 20.00 to 30.00, incl

0.10
0.15
0.20
0.25

Aluminum to 0.15, incl

over 0.15 to 0.50, incl

−0.005,
+0.01
0.05

over 0.50 to 2.00, incl
over 2.00 to 5.00, incl
over 5.00 to 10.00, incl

0.10
0.20
0.35

Nickel to 1.00, incl 0.03 Nitrogen to 0.02, incl 0.005
over 1.00 to 5.00, incl 0.07 over 0.02 to 0.19, incl 0.01
over 5.00 to 10.00, incl 0.10 over 0.19 to 0.25, incl 0.02
over 10.00 to 20.00, incl 0.15 over 0.25 to 0.35, incl 0.03
over 20.00 to 30.00, incl 0.20 over 0.35 to 0.45, incl 0.04
over 30.00 to 40.00, incl 0.25
over 40.00 0.30 Tungsten to 1.00, incl 0.03

over 1.00 to 2.00, incl 0.05
Molybdenum over 0.20 to 0.60, incl 0.03 over 2.00 to 5.00, incl 0.07

over 0.60 to 2.00, incl 0.05 over 5.00 to 10.00, incl 0.10
over 2.00 to 7.00, incl 0.10 over 10.00 to 20.00, incl 0.15
over 7.00 to 15.00, incl 0.15
over 15.00 to 30.00, incl 0.20 Vanadium to 0.50, incl 0.03

over 0.50 to 1.50, incl 0.05
Titanium to 1.00, incl

over 1.00 to 3.00, incl
over 3.00

0.05
0.07
0.10

Selenium all 0.03

TABLE 2 Permissible Variations in Size of Hot Finished Round
Wire Rods

Specified Size,
in. [mm]

Permissible Variations Specified
Size, in. [mm]

Out-of-
Round,A

in. [mm]Over Under

under 1⁄4 [6.35] 0.008 [0.20] 0.008 [0.20] 0.011 [0.28]
1⁄4 [6.35] to 7⁄16 [10] 0.006 [0.15] 0.006 [0.15] 0.009 [0.23]
over 7⁄16 [10] to 5⁄8 [16] 0.007 [0.18] 0.007 [0.18] 0.010 [0.25]
over 5⁄8 [16] to 7⁄8 [22] 0.008 [0.20] 0.008 [0.20] 0.012 [0.30]
over 7⁄8 [22] to 1-1⁄8 [28] 0.010 [0.25] 0.010 [0.25] 0.015 [0.38]
over 1-1⁄8 [28] to 1-3⁄8 [34] 0.012 [0.30] 0.012 [0.30] 0.018 [0.45]

A Out-of-round is the difference between the maximum and minimum diameters
of the wire rod measured at the same cross section.
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14. Certification

14.1 A certified report of the test results shall be furnished at
the time of shipment. The report shall include the ASTM
designation, year date, and revision letter, if any.

14.2 A document printed from or used in electronic form
from an electronic data interchange (EDI) transmission shall be
regarded as having the same validity as a counterpart printed in

the certifiers’ facility. The content of the EDI transmitted
document must meet the requirements of the invoked ASTM
standard(s) and conform to any existing EDI agreement be-
tween the purchaser and the supplier. Notwithstanding the
absence of a signature, the organization submitting the EDI
transmission is responsible for the content of the report.

15. Identification of Material

15.1 For Civilian Procurement—Each lift, bundle, or box
shall be marked using durable tags (metal, plastic, or equiva-
lent) showing heat number, type, condition, product specifica-
tion number, and size.

15.2 For U.S. Government Procurement—In addition to any
requirements specified in the contract or order, marking shall
be in accordance with MIL-STD-129 for military agencies and
in accordance with Fed. Std. No. 123 for civil agencies.

16. Preparation for Delivery

16.1 Unless otherwise specified, the wire shall be packaged
and loaded in accordance with Practices A 700.

16.2 When specified in the contract or order, and for direct
procurement by or direct shipment to the Government, when
Level A is specified, preservation, packaging, and packing shall
be in accordance with the Level A requirements of MIL-STD-
163.

17. Keywords

17.1 general delivery requirements; stainless steel wire;
stainless steel wire rods

TABLE 3 Permissible Variations in Diameter and Out-of-Round
for Round Wire A,B,C,D

Specified Diameter, in. [mm]
Diameter Tolerances, in. [mm]

Over Under

1.000 [25.00] and over 0.0025 [0.06] 0.0025 [0.06]
Under 1.000 [25.00] to 0.500

[13.00]
0.002 [0.05] 0.002 [0.05]

Under 0.5000 [13.00] to 0.3125
[8.00] incl

0.0015 [0.04] 0.0015 [0.04]

Under 0.3125 [8.00] to 0.0440
[1.00] incl

0.001 [0.03] 0.001 [0.03]

Under 0.0440 [1.00] to 0.0330
[0.80] incl

0.0008 [0.02] 0.0008 [0.02]

Under 0.0330 [0.80] to 0.0240
[0.60] incl

0.0005 [0.015] 0.0005 [0.015]

Under 0.0240 [0.60] to 0.0120
[0.30] incl

0.0004 [0.010] 0.0004 [0.010]

Under 0.0120 [0.30] to 0.0080
[0.20] incl

0.0003 [0.008] 0.0003 [0.008]

Under 0.0080 [0.20] to 0.0048
[0.12] incl

0.0002 [0.005] 0.0002 [0.005]

Under 0.0048 [0.12] to 0.0030
[0.08] incl

0.0001 [0.003] 0.0001 [0.003]

A The maximum out-of-round for round wire is one half of the total size tolerance
given in this table.

B When it is necessary to heat treat or heat treat and pickle after cold finishing,
size tolerances are double those shown above for sizes 0.024 in. [0.60 mm] and
over.

C Size tolerances have not been evolved for wire produced by cold rolling.
D These tolerances apply to small diameter straightened and cut wire (sizes

below approximately 1⁄16 in.). Refer to Table 5 in Specification A 484/A 484M for
bars (greater than approximately 1⁄16 in.).

TABLE 4 Permissible Variations in Size for Drawn Wire in
Hexagons, Octagons, and Squares A

Specified SizeB in. [mm]
Size Tolerance, in. [mm]

Over Under

1.000 [25.00] and over 0 0.005 [0.12]
Under 1.000 [25.00] to 0.500 [13.00] incl 0 0.004 [0.10]
Under 1⁄2 [13.00] to 5⁄16 [8.00] incl 0 0.003 [0.08]
Under 5⁄16 [8.00] to 1⁄8 [3.00] incl 0 0.002 [0.05]

A When it is necessary to heat treat or heat treat and pickle after cold finishing,
size tolerances are double those shown above.

B Distance across flats.

TABLE 5 Permissible Variations in Thickness and Width for Flat
Wire

Width, in. [mm]

Permissible Variations in Width, Over and
Under, in. [mm]A

For Thicknesses
1⁄4 in. [6.5 mm] and

Under

For Thicknesses
Over 1⁄4 in. [6.5 mm]

1⁄16 [1.50] to 3⁄8 [9.0] 0.005 [0.12] 0.005 [0.12]
over 3⁄8 [9.0] to 1.0 [25.00] 0.004 [0.10] 0.004 [0.10]
over 1.0 [25.00] 0.006 [0.15] 0.004 [0.10]

Thickness, in. [mm]
Permissible Variations in Thickness, Over

and Under, in. [mm]A

Up to 0.029 [0.70], incl 0.001 [0.03]
Over 0.029 [1.70] to 0.035
[1.00], incl

0.0015 [0.04]

Over 0.035 [1.00] 0.002 [0.05]
A When it is necessary to heat treat or heat treat and pickle after cold finishing,

size tolerances are double those shown in the table.

A 555/A 555M – 97 (2002)

4



ANNEX

(Mandatory Information)

A1. REQUIREMENTS FOR THE INTRODUCTION OF NEW MATERIALS

A1.1 New materials may be proposed for inclusion in
specifications referencing this specification subject to the
following conditions:

A1.1.1 Application for the addition of a new grade to a
specification shall be made to the chairman of the subcommit-
tee which has jurisdiction over that specification.

A1.1.2 The application shall be accompanied by a statement
from at least one user indicating that there is a need for the new
grade to be included in the applicable specification.

A1.1.3 The application shall be accompanied by test data as
required by the applicable specification. Test data from a
minimum of three test lots, as defined by the specification, each
from a different heat, shall be furnished.

A1.1.4 The application shall provide recommendations for
all requirements appearing in the applicable specification.

A1.1.5 The application shall state whether the new grade is
covered by patent.

APPENDIXES

(Nonmandatory Information)

X1. RATIONALE REGARDING DEFINITION OF LOT FOR MECHANICAL PROPERTIES AND CORROSION TESTING

X1.1 It is generally recognized that material described as a
lot must be “produced under the same processing conditions,’’
which means the same manufacturing order number, same size,
same heat, same heat treating procedure, and same subsequent
processing. Under those conditions, single samples can be
selected to be representative of the total lot, with at least one
sample for each 20 000 pounds of material.

X1.2 Following the principle described in X1.1 generally
requires that the producer control each of several furnace loads
constituting the same lot so that

X1.2.1 Set point temperature and process tolerance match,
X1.2.2 Time at temperature for all thermal treatment shall

match within 10 %,
X1.2.3 All furnaces used be similar in size and meet the

uniformity requirements of a documented furnace quality
assurance program, and

X1.2.4 The quench systems are the same with respect to
volume, type of quenchant, and circulation rate.

X1.2.5 Further, it would be expected that grouped loads be
handled within a relatively short time period, and that hardness
testing be performed on at least one sample per charge.

X1.3 The old definition of a lot for mechanical testing
based on simply the words “same size, heat, and heat treatment
charge in a batch furnace” assumes that heat treating is the only
process affecting properties. This kind of definition ignores the
effects of other processing, prior to and subsequent to heat
treating. Moreover, it assumes that each heat treat batch will be
uniform and unique rather than reproducible. In reality, heat
treating is a process which can be controlled easily throughout
a batch and from batch to batch, with the net result that
multiple batches can be considered part of a single lot if
equipment and processing parameters meet the mandates of
X1.1 and X1.2.

X1.4 The sampling specified for mechanical properties is
not a statistical sampling plan. Therefore, it provides only
typical data. Assurance of uniformity within the lot can be
obtained only by the producer adequately controlling the
processing parameters.

X2. BAR CODING

X2.1 Bar coding to identify steel is not specifically ad-
dressed in Committee A01 specifications. Committee A01
endorses the AIAG Bar Code Standard for primary metals for

steel products and proposes that this bar coding standard be
considered as a possible auxiliary method of identification.
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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
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Designation: A 564/A 564M – 04

Standard Specification for
Hot-Rolled and Cold-Finished Age-Hardening Stainless Steel
Bars and Shapes 1

This standard is issued under the fixed designation A 564/A 564M; 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 bars and shapes of age-
hardening stainless steels. Hot-finished or cold-finished rounds,
squares, hexagons, bar shapes, angles, tees, and channels are
included; these shapes may be produced by hot rolling,
extruding, or forging. Billets or bars for reforging may be
purchased to this specification.

1.2 These steels are generally used for parts requiring
corrosion resistance and high strength at room temperature, or
at temperatures up to 600°F [315°C]; 700°F [370°C] for Type
632; 840°F [450°C] for Type UNS S46910. They are suitable
for machining in the solution-annealed condition after which
they may be age-hardened to the mechanical properties speci-
fied in Section 7 without danger of cracking or distortion. Type
XM-25 is machinable in the as-received fully heat treated
condition. Type UNS S46910 is suitable for machining in the
solution-annealed, cold-worked, and aged-hardened condition.

1.3 Types 631 and 632 contain a large amount of ferrite in
the microstructure and can have low ductility in forgings and
larger diameter bars. Applications should be limited to small
diameter bar.

1.4 The values stated in either inch-pound units or SI
(metric) units are to be regarded separately as standards; within
the text and tables, the SI units are shown in [brackets]. The
values stated in each system are not exact equivalents; there-
fore, each system must be used independent of the other.
Combining values from the two systems may result in noncon-
formance with the specification.

1.5 Unless the order specifies an “M’’ designation, the
material shall be furnished to inch-pound units.

NOTE 1—For forgings, see Specification A 705/A 705M.
NOTE 2—For billets and bars for forging see Specification A 314.

2. Referenced Documents

2.1 ASTM Standards:3

A 314 Specification for Stainless Steel Billets and Bars for
Forging

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 484/A 484M Specification for General Requirements for
Stainless Steel Bars, Billets, and Forgings

A 705/A 705M Specification for Age-Hardening, Stainless
Steel Forgings

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products

E 527 Practice for Numbering Metals and Alloys (UNS)
2.2 Other Documents:
SAE J1086 Recommended Practice for Numbering Metals

and Alloys (UNS)4

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight or number of pieces),
3.1.2 Type or UNS designation (Table 1),
3.1.3 Specific melt type when required,
3.1.4 Heat treated condition (5.1),
3.1.5 Transverse properties when required (7.6),
3.1.6 Finish (Specification A 484/A 484M),
3.1.7 Surface preparation of shapes (5.2.1),
3.1.8 Size, or applicable dimension including diameter,

thickness, width, length, etc.,
3.1.9 Preparation for delivery (Specification A 484/

A 484M),

1 8This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1966. Last previous edition approved in 2002 as A 564/A 564M – 02a.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SA-564/SA-564M 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 Available from Society of Automotive Engineers (SAE), 400 Commonwealth
Dr., Warrendale, PA 15096-0001.

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.



3.1.10 Special requirements (refer to 7.4 and 8.3),
3.1.11 Marking requirements (Specification A 484/

A 484M), and
3.1.12 ASTM designation and date of issue if other than that

currently published.
3.2 If possible, the intended use of the item should be given

on the purchase order especially when the item is ordered for
a specific end use or uses.

NOTE 3—A typical ordering description is as follows: 5000 lb [2270 kg]
Type 630, Solution-Annealed Cold Finished Centerless Ground, 11⁄2 in.
[38.0 mm] round bar, 10 to 12 ft [3.0 to 3.6 m] in length, ASTM A 564
dated ______. End use: valve shafts.

4. General Requirements

4.1 In addition to the requirements of this specification, all
requirements of the current edition of Specifications A 484/
A 484M shall apply. Failure to comply with the general
requirements of Specification A 484/A 484M constitutes non-
conformance with this specification.

5. Materials and Manufacture

5.1 Heat Treatment and Condition:
5.1.1 Material of types other than XM-16, XM-25, and Type

630 shall be furnished in the solution-annealed condition, or in
the equalized and oven-tempered condition, as noted in Table
2, unless otherwise specified by the purchaser.

5.1.1.1 Types 630, XM-16, and XM-25 may be furnished in
the solution-annealed or age-hardened condition.

5.1.2 Type UNS S46910 shall be funished in solution-
annealed condition per Table 2, or solution-annealed and
cold-worked condition per Table 3, or aged-hardened condition
per Table 4.

5.1.3 Reforging stock shall be supplied in a condition of
heat treatment to be selected by the forging manufacturer.

5.2 Shapes may be subjected to either Class A or Class C
preparation as specified on the purchase order.

5.2.1 Class A consists of preparation by grinding for the
removal of imperfections of a hazardous nature such as fins,

tears, and jagged edges provided the underweight tolerance is
not exceeded and the maximum depth of grinding at any one
point does not exceed 10 % of the thickness of the section.

5.2.2 Class C consists of preparation by grinding for the
removal of all visible surface imperfections provided the
underweight tolerance is not exceeded and the maximum depth
of grinding at any one point does not exceed 10 % of the
thickness of the section.

6. Chemical Composition

6.1 Each alloy covered by this specification shall conform to
the chemical requirements specified in Table 1.

6.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

7. Mechanical Properties Requirements

7.1 The material, as represented by mechanical test speci-
mens, shall conform to the mechanical property requirements
specified in Table 2 or Table 3 and shall be capable of
developing the properties in Table 4 when heat treated as
specified in 5.1.

7.2 Samples cut from bars for forging stock shall conform to
the mechanical properties of Table 2 and Table 4 when heat
treated as specified in Table 2 and Table 4.

7.3 The yield strength shall be determined by the offset
method as described in the current edition of Test Methods and
Definitions A 370. The limiting permanent offset shall be 0.2 %
of the gage length of the specimen.

7.4 The impact requirement shall apply only when specified
in the purchase order. When specified, the material, as repre-
sented by impact test specimens, shall be capable of develop-
ing the impact property requirements specified in Table 4 when
heat treated in accordance with 5.1.

7.5 Longitudinal impact requirements are not applicable to
bars less than5⁄8 in. (16.9 mm) diameter or size or flats less
than5⁄8 in. (16.9 mm) thick.

TABLE 1 Chemical Requirements A

Composition, %

UNS
DesignationB Type Carbon Manganese

Phospho-
rus

Sul-
fur

Sili-
con

Chromium Nickel
Alumi-
num

Molyb-
denum

Titanium Copper
Other

Elements

S17400 630 0.07 1.00 0.040 0.030 1.00 15.00–17.50 3.00–5.00 . . . . . . . . . 3.00–5.00 C

S17700 631 0.09 1.00 0.040 0.030 1.00 16.00–18.00 6.50–7.75 0.75–1.50 . . . . . . . . . . . .
S15700 632 0.09 1.00 0.040 0.030 1.00 14.00–16.00 6.50–7.75 0.75–1.50 2.00–3.00 . . . . . . . . .
S35500 634 0.10–0.15 0.50–1.25 0.040 0.030 0.50 15.00–16.00 4.00–5.00 . . . 2.50–3.25 . . . . . . D

S17600 635 0.08 1.00 0.040 0.030 1.00 16.00–17.50 6.00–7.50 0.40 . . . 0.40–1.20 . . . . . .
S15500 XM-12 0.07 1.00 0.040 0.030 1.00 14.00–15.50 3.50–5.50 . . . . . . . . . 2.50–4.50 C

S13800 XM-13 0.05 0.20 0.010 0.008 0.10 12.25–13.25 7.50–8.50 0.90–1.35 2.00–2.50 . . . . . . E

S45500 XM-16 0.03 0.50 0.015 0.015 0.50 11.00–12.50 7.50–9.50 . . . 0.50 0.90–1.40 1.50–2.50 F

S45503 . . . 0.010 0.50 0.010 0.010 0.20 11.00–12.50 7.50–9.50 . . . 0.50 1.00–1.35 1.50–2.50 F

S45000 XM-25 0.05 1.00 0.030 0.030 1.00 14.00–16.00 5.00–7.00 . . . 0.50–1.00 . . . 1.25–1.75 G

S46500 . . . 0.02 0.25 0.015 0.010 0.25 11.00–12.50 10.75–11.25 . . . 0.75–1.25 1.50–1.80 . . . E

S46910 . . . 0.030 1.00 0.030 0.015 0.70 11.0–13.0 8.0–10.0 0.15–0.50 3.0–5.0 0.50–1.20 1.5–3.5 . . .
A Limits are in percent maximum unless shown as a range or stated otherwise.
B New designation established in accordance with Practice E 527 and SAE J1086.
C Columbium plus tantalum 0.15–0.45.
D Nitrogen 0.07–0.13.
E Nitrogen 0.01.
F Columbium plus tantalum 0.10–0.50.
G Columbium 8 times carbon minimum.
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7.6 Tensile and impact requirements in the transverse
(through thickness) direction are not applicable to bars less
than 3 in. [75 mm] diameter in size or flats less than 3 in. [75
mm] thick.

7.7 Material tensile tested and, when specified, impact
tested in the transverse (through thickness) direction and
meeting the requirements shown in Table 4 need not be tested
in the longitudinal direction.

8. Number of Tests

8.1 At least one room temperature tension test and one or
more hardness tests shall be made on each lot.

8.2 One or more hardness tests and at least one tension test
shall be made from each lot on test samples heat treated as
required in 5.1. Unless otherwise specified in the purchase
order, the condition of hardening heat treatment shall be at the
option of the producer. The tests shall meet the requirements of
Table 4.

8.3 When specified in the purchase order, the impact test
shall consist of testing three Charpy V-notch Type A specimens
in accordance with Methods and Definitions A 370. The
specimens shall be heat treated in accordance with 5.1. Unless
otherwise specified in the purchase order, the condition of
hardening heat treatment shall be at the option of the producer

TABLE 2 Solution Treatment

UNS
Desig-
nation

Type
Condi-

tion
Solution Treatment

Mechanical Test Requirements in Solution Treated ConditionA

Tensile Strength, min Yield Strength, minB Elongation
in 2 in. [50
mm] or 4D,

min. %

Reduction
of Area,
min %

HardnessC

ksi [MPa] ksi [MPa]
Rockwell C,

max
Brinell,

max

S17400 630 A 1900 6 25°F [1040 6 15°C] (cool as
required to below 90°F (32°C))

. . . . . . . . . . . . . . . . . . 38 363

S17700 631 A 1900 6 25°F [1040 6 15°C] (water
quench)

. . . . . . . . . . . . . . . . . . HRB98 229

S15700 632 A 1900 6 25°F [1040 6 15°C] (water
quench)

. . . . . . . . . . . . . . . . . . HRB100 269D

S35500 634E A 1900 6 25°F [1040 6 15°C] quench,
hold not less than 3 h at minus 100°F
or lower

. . . . . . . . . . . . . . . . . . . . . 363E

S17600 635 A 1900 6 25°F [1040 6 15°C] (air cool) 120 [825] 75 [515] 10 45 32 302

S15500 XM-12 A 1900 6 25°F [1040 6 15°C] (cool as
required to below 90°F (32°C))

. . . . . . . . . . . . . . . . . . 38 363

S13800 XM-13 A 1700 6 25°F [925 6 15°C] Cool as
required to below 60°F [16°C]

. . . . . . . . . . . . . . . . . . 38 363

S45500 XM-16 A 1525 6 25°F [830 6 15°C] (cool
rapidly)

. . . . . . . . . . . . . . . . . . 36 331

S45000 XM-25 A 1900 6 25°F [1040 6 15°C] (cool
rapidly)

125F [860] 95 [655] 10 40 32 321

S45503 . . . A 1525 6 25°F [830 6 15°C] (cool
rapidly)

. . . . . . . . . . . . . . . . . . 36 331

S46500 A 1800 6 25°F [980 6 15°C] (oil or
water quench), hold for min. 8 h at
minus 100°F (73°C), air warm

. . . . . . . . . . . . . . . . . . 36 331

S46910 . . . A 1830 – 2050°F [1000 – 1120°C]
(cool rapidly)

87 [600] 58 [400] 10 . . . 33 315

A See 7.1.
B See 7.3.
C Either Rockwell C hardness or Brinell is permissible. On sizes ½ in. (12.70 mm) and smaller, Rockwell C is preferred.
D 321 BH for rounds cold drawn after solution treating.
E Equalization and over-tempering treatment 1425 6 50°F [775 6 30°C] for not less than 3 h, cool to room temperature, heat to 1075 6 25°F [580 6 15°C] for not less

than 3 h.
F Maximum 165 ksi [1140 MPa] tensile strength only for sizes up to 1⁄2 in. (13 mm).

TABLE 3 Solution-Annealed and Cold-Worked Condition

UNS
Designation

Type Condition Mechanical Test Requirements in Solution-Annealed and Cold-Worked Condition

Tensile Strength,
min

Yield Strength,
min

Elongation in
2 in. [50 mm]
or 4D, min %

Reduction of
Area, min %

Hardness

ksi [MPa] ksi [MPa] Rockwell C, max Brinell, max

S46910 . . . CW 1⁄2 hard 131 [900] 109 [750] 8 . . . 40 380
. . . CW full hard 189 [1300] 175 [1200] 3 . . . 55 580
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TABLE 4 Mechanical Test Requirements After Age Hardening Heat Treatment A

Type
Condi-

tion

Suggested Hardening or Aging
Treatment, or BothB,C,D Applicable

Thickness,
in. and Test
DirectionE

Tensile
Strength,

min

Yield
Strength,

minF

Elon-
gation
in 2 in.

[50 mm]
or 4D,
min. %

Reduc-
tion of
area,

min, %

HardnessG
Impact

Charpy-V,
min

Tem-
perature,
°F [°C]

Time,
h

QuenchH ksi [MPa] ksi [MPa]
Rock-
well C,

min

Brinell,
min

ft·lbf J

630

H900 900 [480] 1.0 air cool

Up to 3 in. incl
[75 mm] (L)

190 [1310] 170 [1170] 10

40

40 388 . . . . . .Over 3 in. [75 mm]
to 8 in. incl [200

mm] (T)

35

H925 925 [495] 4.0 air cool

Up to 3 min. incl
[75 mm] (L)

170 [1170] 155 [1070] 10

44

38 375 5 6.8Over 3 in. [75 mm]
to 8 in. incl [200

mm] (T)

38

H1025 1025 [550]

4.0 air cool
Up to 8 in. incl
[200 mm] (L)

155 [1070] 145 [1000] 12 45 35 331 15 20

H1075 1075 [580] 145 [1000] 125 [860] 13 45 32 311 20 27

H1100 1100 [595] 140 [965] 115 [795] 14 45 31 302 25 34

H1150 1150 [620] 135 [930] 105 [725] 16 50 28 277 30 41

H1150M
1400 [760] for 2 h, air cool plus

1150 [620] for 4 h, air cool
115 [795] 75 [520] 18 55 24 255 55 75

H1150D
1150 [620] for 4 h, air cool plus

1150 [620] for 4 h, air cool
125 [860] 105 [725] 16 50

24
33 max

255
311 max

30 41

631

RH950

1750°F [955°C] for not less than
10 min, but not more than 1 h,
cool rapidly to room temperature.
Cool within 24 h to minus 100 6
10°F [75°C], hold not less than 8
h. Warm in air to room
temperature. Heat to 950°F
[510°C], hold 1 h, air cool.

Up to 4 in. incl.
[100 mm] (L)

185 [1280] 150 [1030] 6 10 41 388 . . . . . .

TH1050

Alternative treatment: 1400°F
[760°C] hold 90 min, cool to 55
6 5°F [15 6 3°C] within 1 h.
Hold not less than 30 min, heat
to 1050°F [565°C] hold for 90
min, air cool.

Up to 6 in. incl
[150 mm] (L)

170 [1170] 140 [965] 6 25 38 352 . . . . . .

632
RH950

Same as Type 631

Up to 4 in. incl
[100 mm] (L) 200 [1380] 175 [1210] 7 25 . . . 415

. . . . . .

TH1050 Up to 6 in. incl
[150 mm] (L)

180 [1240] 160 [1100] 8 25 . . . 375 . . . . . .

634I

H1000

1750 [955] for not less than 10
min, but not more than 1 h.
Water quench. Cool to not higher
than minus 100°F [75°C]. Hold
for not less than 3 h. Temper at
1000°F [540°C], holding for not
less than 3 h.

170 [1170] 155 [1070] 12 25 37 341 . . . . . .

635

H950 950 (510)

0.5 air cool

190 [1310] 170 [1170] 8 25 39 363 . . . . . .

H1000 1000 [540] 180 [1240] 160 [1100] 8 30 37 352 . . . . . .

H1050 1050 [565] 170 [1170] 150 [1035] 10 40 35 331 . . . . . .

XM-12

H900 900 [480] 1.0 air cool

Up to 12 in. incl
[300 mm] (L)

190 [1310] 170 [1170]
10 35

40 388 . . . . . .
Up to 12 in. incl

[300 mm] (T)
6 15

H925 925 [495] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

170 [1170] 155 [1070]
10 38

38 375
5 6.8

Up to 12 in. incl
[300 mm] (T)

7 20 . . . . . .
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TABLE 4 Continued

Type
Condi-

tion

Suggested Hardening or Aging
Treatment, or BothB,C,D Applicable

Thickness,
in. and Test
DirectionE

Tensile
Strength,

min

Yield
Strength,

minF

Elon-
gation
in 2 in.

[50 mm]
or 4D,
min. %

Reduc-
tion of
area,

min, %

HardnessG
Impact

Charpy-V,
min

Tem-
perature,
°F [°C]

Time,
h

QuenchH ksi [MPa] ksi [MPa]
Rock-
well C,

min

Brinell,
min

ft·lbf J

H1025 1025 [550] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

155 [1070] 145 [1000]
12 45

35 331
15 20

Up to 12 in. incl
[300 mm] (T)

8 27 10 14

H1075 1075 [580] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

145 [1000] 125 [860]
13 45

32 311
20 27

Up to 12 in. incl
[300 mm] (T)

9 28 15 20

H1100 1100 [595] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

140 [965] 115 [795]
14 45

31 302
25 34

Up to 12 in. incl
[300 mm] (T)

10 29 15 20

H1150 1150 [620] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

135 [930] 105 [725]
16 50

28 277
30 41

Up to 12 in. incl
[300 mm] (T)

11 30 20 27

H1150M
1400 [760] for 2 h, air cool plus

1150 [620] for 4 h, air cool

Up to 12 in. incl
[300 mm] (L)

115 [795] 75 [515]
18 55

24 255
55 75

Up to 12 in. incl
[300 mm] (T)

14 35 35 47

XM-13

H950 950 [510] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

220 [1515] 205 [1415] 10
45

45 430 . . . . . .
Up to 12 in. incl

[300 mm] (T)
35

H1000 1000 [540] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

205 [1415] 190 [1310]
10 50

43 400
. . . . . .Up to 12 in. incl

[300 mm] (T)
10 40

H1025 1025 [550] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

185 [1280] 175 [1210] 11
50

41 380 . . . . . .
Up to 12 in. incl

[300 mm] (T)
45

H1050 1050 [565] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

175 [1210] 165 [1140] 12
50

40 372 . . . . . .
Up to 12 in. incl

[300 mm] (T)
45

H1100 1100 [595] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

150 [1035] 135 [930] 14
50

34 313 . . . . . .
Up to 12 in. incl

[300 mm] (T)
50

H1150 1150 [620] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

135 [930] 90 [620] 14
50

30 283 . . . . . .
Up to 12 in. incl

[300 mm] (T)
50

H1150M
1400 [760] for 2 h, air cool plus

1150 [620] for 4 h, air cool

Up to 12 in. incl
[300 mm] (L)

125 [860] 85 [585] 16
55

26 259 . . . . . .
Up to 12 in. incl

[300 mm] (T)
55

XM-16 H900 900 [480]

4.0 air cool
Up to 6 in. incl

[150 mm] (L)

235 [1620] 220 [1515] 8 30 47 444 . . . . . .

H950 950 [510] 220 [1515] 205 [1415] 10 40 44 415 . . . . . .

H1000 1000 [540] 205 [1415] 185 [1275] 10 40 40 363 . . . . . .
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TABLE 4 Continued

Type
Condi-

tion

Suggested Hardening or Aging
Treatment, or BothB,C,D Applicable

Thickness,
in. and Test
DirectionE

Tensile
Strength,

min

Yield
Strength,

minF

Elon-
gation
in 2 in.

[50 mm]
or 4D,
min. %

Reduc-
tion of
area,

min, %

HardnessG
Impact

Charpy-V,
min

Tem-
perature,
°F [°C]

Time,
h

QuenchH ksi [MPa] ksi [MPa]
Rock-
well C,

min

Brinell,
min

ft·lbf J

S45503

H900 900 [480] 4.0 air cool

Up to 6 in. incl
[150 mm] (L)

235 [1620] 220 [1520]
8 30

47 444 . . . . . .
Up to 6 in. incl
[150 mm] (T)

4 15

H950 950 [510] 4.0 air cool

Up to 6 in. incl
[150 mm] (L)

220 [1515] 205 [1410]
10 40

44 415 . . . . . .
Up to 6 in. incl
[150 mm] (T)

5 20

H1000 1000 [540] 4.0 air cool

Up to 6 in. incl
[150 mm] (L)

205 [1410] 185 [1275]
10 40

40 363 . . . . . .
Up to 6 in. incl
[150 mm] (T)

6 25

XM-25

H900 900 [480] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

180 [1240] 170 [1170]
10 40

39 363 . . . . . .
Up to 12 in. incl

[300 mm] (T)
6 20

H950 950 [510] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

170 [1170] 160 [1100]
10 40

37 341 . . . . . .
Up to 12 in. incl

[300 mm] (T)
7 22

H1000 1000 [540] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

160 [1100] 150 [1035]
12 45

36 331 . . . . . .
Up to 12 in. incl

[300 mm] (T)
8 27

H1025 1025 [550] 4.0 air cool
Up to 8 in. incl

[200 mm]
150 [1035] 140 [965] 12 45 34 321 . . . . . .

H1050 1050 [565] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

145 [1000] 135 [930]
12 45

34 321 . . . . . .
Up to 12 in. incl

[300 mm] (T)
9 30

H1100 1100 [595] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

130 [895] 105 [725]
16 50

30 285 . . . . . .
Up to 12 in. incl

[300 mm] (T)
11 30

H1150 1150 [620] 4.0 air cool

Up to 12 in. incl
[300 mm] (L)

125 [860] 75 [515]
18 55

26 262 . . . . . .
Up to 12 in. incl

[300 mm] (T)
12 35

S46500

H950 950 [510] 4.0 air or oil

Up to 12 in. incl
[300 mm] (L)

240 [1655] 220 [1515]
10 45

47 444 . . . . . .
Up to 12 in. incl

[300 mm] (T)
8 35

H1000 1000 [540] 4.0 air or oil

Up to 12 in. incl
[300 mm] (L)

220 [1515] 200 [1380]
10 50

45 430 . . . . . .
Up to 12 in. incl

[300 mm] (T)
10 40

H1025 1025 [560] 4.0 air or oil

Up to 12 in. incl
[300 mm] (L)

210 [1450] 195 [1345]

12 50

44 415 . . . . . .
Up to 12 in. incl

[300 mm] (T)
11 45
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and testing shall be done at 70 to 80°F [20 to 25°C]. The tests
shall meet the requirements of Table 4. When tested at
temperatures other than 70 to 80°F, [20 to 25°C] the impact test
requirements will be as agreed upon by purchaser and pro-
ducer.

9. Keywords

9.1 age-hardening stainless steel; precipitation hardening
stainless steel; stainless steel bars; stainless steel shapes

TABLE 4 Continued

Type
Condi-

tion

Suggested Hardening or Aging
Treatment, or BothB,C,D Applicable

Thickness,
in. and Test
DirectionE

Tensile
Strength,

min

Yield
Strength,

minF

Elon-
gation
in 2 in.

[50 mm]
or 4D,
min. %

Reduc-
tion of
area,

min, %

HardnessG
Impact

Charpy-V,
min

Tem-
perature,
°F [°C]

Time,
h

QuenchH ksi [MPa] ksi [MPa]
Rock-
well C,

min

Brinell,
min

ft·lbf J

H1050 1050 [565] 430 air or oil

Up to 12 in. incl
[300 mm] (L)

200 [1380] 185 [1280]

13 50

43 400 . . . . . .
Up to 12 in. incl

[300 mm] (T)
12 45

UNS
S46910

CW 1⁄2
hard +
aging

890 [475] 1.0 Air cool . . . 245 [1690] 218 [1500] 6 . . . 48 456 . . . . . .

CW full
hard +
aging

890 [475] 1.0 Air cool . . . 320 [2205] 290 [2005] 2 . . . 55 561 . . . . . .

A See 7.1.
B Time refers to minimum time material is at temperature and may be extended to obtain required ductility properties.
C Unless otherwise noted, temperatures shown are suggested temperatures and may be varied to obtain required tensile properties.
D Intermediate temperatures must meet the ductility requirements of the next highest suggested hardening or aging temperature, or both. Example: Type 630 at 1050°F

[565°C] must have 13 % elongation and 45 % reduction, same as for age hardening at 1075°F [580°C].
E (L) - Longitudinal axis of specimen parallel to direction of grain flow during rolling or forging. (T) - Transverse axis of specimen perpendicular to direction of grain flow

during rolling or forging.
F See 7.3.
G Either Rockwell C hardness or Brinell is permissible. On sizes 1⁄2 in. (12.70 mm) and smaller, Rockwell C is preferred.
H When air cooling is specified, gases other than air may be used.
I Refer to Table 2 for details on equalize and over temper heat treatment.
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SUMMARY OF CHANGES

Committee A01.17 has identified the location of selected changes to this standard since the last issue,
A 564/A 564M – 02a, that may impact the use of this standard. (Approved March 1, 2004.)

(1) Added new grade S46910 in Table 1, Table 2, and Table 4.
(2) Revised Sections 1.2 and 5.2.1.

(3) Added new Table 3 and renumbered previous Table 3 as
Table 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: A 565 – 03ab An American National Standard

Standard Specification for
Martensitic Stainless Steel Bars for High-Temperature
Service 1

This standard is issued under the fixed designation A 565; 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 hot-finished and cold-finished martensitic chromium steel bars for high-temperature service. The
mechanical properties are developed by suitable heat treatment, as indicated for each alloy.

1.2 Where strength at temperature is a factor, these steels are generally limited to a maximum service temperature of 1200°F
[649°C]. For oxidation (scaling) resistance and at low stresses, these steels are useful to 1450°F [788°C].

1.3 The values stated in inch-pound units are to be regarded as the standard.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing of Steel Products2

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel, Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee A01.17
on Flat-Rolled and Wrought Stainless Steel.

Current edition approved April May 10, 2003. Published May July 2003. Originally approved in 1966. Last previous edition approved in 2003 as A 565 – 03a.

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.



A 484/A 484M Specification for General Requirements for Stainless Steel Bars, Billets, and Forgings3

A 751 Test Methods, Practices, and Terminology for Chemical Analysis of Steel Products2

E 527 Practice for Numbering Metals and Alloys (UNS)4

2.2 Other Documents:
SAE J1086 Recommended Practice for Numbering Metals and Alloys (UNS)5

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight or number of pieces);
3.1.2 Name of material (martensitic stainless steel);
3.1.3 Form (bar, etc.);
3.1.4 Condition;
3.1.5 Finish;
3.1.6 Size, or applicable dimension including diameter, thickness, width, length, etc.;
3.1.7 Grade designation (Table 1); and
3.1.8 ASTM designation number and date of issue.

4. General Requirements

4.1 Product furnished to this specification shall conform to the requirements of Specification A 484/A 484M, including any
supplementary requirements indicated in the purchase order. Failure to comply with the general requirements of Specification
A 484/A 484M constitutes nonconformance with this specification. In case of conflict between the requirements of this
specification and Specification A 484/A 484M, this specification shall prevail.

5. Manufacture

5.1 Heat Treatment:
5.1.1 The product forms covered in this specification may be furnished in one of the following conditions:
5.1.1.1 Condition A—Annealed,
5.1.1.2 Condition T—Heat treated (for machining),
5.1.1.3 Condition HT—Heat treated (for high-temperature service), or
5.1.1.4 Condition H—Heat treated.
5.2 Condition and Finish:
5.2.1 Bars may be furnished in one of the following hot-finished conditions:
5.2.1.1 Hot rolled, or
5.2.1.2 Rough turned (rounds only).
5.2.2 Bars may be furnished in one of the following cold-finished conditions:

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 01.01.
5 Available from Society of Automotive Engineers, 400 Commonwealth Drive, Warrendale, PA 15096.

TABLE 1 Chemical Requirements

Grade UNS
Desig-
nationA

Carbon Man-
ganese

Phos-
phorus

Sulfur Silicon Chromium Nickel Molyb-
denum

Vana-
dium

Tungsten Nitrogen Alumi-
num

Colum-
bium

Copper

XM-32 S64152 0.08–0.15 0.50–0.90 0.025
max

0.025
max

0.35 max 11.00–12.50 2.00–3.00 1.50–2.00 0.25–0.40 . . . 0.01–0.05 . . . . . . . . .

. . . S41041 0.13–0.18 0.40–0.60 0.030
max

0.030
max

0.50 max 11.50–13.00 0.50 max 0.20 max . . . . . . . . . 0.05
max

0.15
–0.45†

. . .

. . . S41041 0.13–0.18 0.40–0.60 0.030
max

0.030
max

0.50 max 11.50–13.00 0.50 max 0.20 max . . . . . . . . . 0.05
max

0.15
–0.45

. . .

. . . S41425 0.05 max 0.50–1.00 0.02 max 0.005
max

0.50 max 12.00–15.00 4.00–7.00 1.50–2.00 . . . . . . 0.06–0.12 . . . . . . 0.30
max

615 S41800 0.15–0.20 0.50 max 0.040
max

0.030
max

0.50 max 12.00–14.00 1.80–2.20 0.50 max . . . 2.50–3.50 . . . . . . . . . . . .

616 S42200 0.20–0.25 0.50–1.00 0.025
max

0.025
max

0.50 max 11.00–12.50 0.50–1.00 0.90–1.25 0.20–0.30 0.90–1.25 . . . . . . . . . . . .

619 S42300 0.27–0.32 0.95–1.35 0.025
max

0.025
max

0.50 max 11.00–12.00 0.50 max 2.50–3.00 0.20–0.30 . . . . . . . . . . . . . . .

A New designation established in accordance with Practice E 527 and SAE J1086.
† Editorially corrected.
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5.2.2.1 Cold drawn,

5.2.2.2 Centerless ground (rounds only), or

5.2.2.3 Polished (rounds only).

6. Chemical Requirements

6.1 Each alloy covered by this specification shall conform to the chemical composition specified in Table 1.

6.2 Methods and practices relating to chemical analysis required by this specification shall be in accordance with Test Methods,
Practices, and Terminology A 751.

7. Metallurgical Requirements

7.1 The microstructure shall not contain more than 5 % delta-ferrite after full heat treatment as described in Table 2.

8. Mechanical Properties Requirements

8.1 The material shall conform to the mechanical properties listed in Table 3 for the ordered condition.

8.2 Material furnished in Condition A or T shall be capable of developing the room-temperature properties specified for
Condition HT when subjected to heat treatment as specified in Table 2.

8.3 The yield strength shall be determined by the offset method as described in the current edition of Test Methods and
Definitions A 370.

8.4 The impact strength shall be determined at 70 to 80°F [21 to 27°C], by Charpy V-notch specimen Type A as described in
Test Methods and Definitions A 370.

9. Keywords

9.1 martensitic stainless steel; stainless steel bars; stainless steel billets; stainless steel forgings; temperature service
applications—high

TABLE 2 Heat Treatment

NOTE 1— If straightened, a stress-relieving treatment is necessary. Stress-relieving temperature should be 50°F [28°C] below the final tempering
temperature.

NOTE 2—Air or oil quenching depends on section size; heavier sections, approximately 3 in. [76.2 mm] or greater, should be oil quenched. Suitable
synthetic quenchants may be substituted for oil.

Grade UNS DesignationA Condition Heat Treatment

615 S41800 HT 1800 to 1850 °F [981 to 1008 °C], quench in air or oil and double temper at 1150 °F [620 °C] min for 2 h min for
each tempering treatment.

. . . S41425 HT 1700 to 1800 °F [925 to 981 °C], quench in air and temper at 1100 °F min for 1 h, min, per inch thickness.
616 S42200 HT 1875 to 1925 °F [1022 to 1050 °C], quench in air or oil and temper at 1150 °F [620 °C] min for 2 h min.

H 1875 to 1925 °F [1022 to 1050 °C], quench in air or oil and temper at 1250 °F [677 °C] min for 2 h min.
619 S42300 HT 1875 to 1925 °F [1022 to 1050 °C], quench in air or oil and temper at 1150 °F [620 °C] min for 2 h min.
XM-32 K64152 HT 1825 to 1875 °F [995 to 1022 °C], quench in air or oil and temper at 1050 °F [565 °C] min for 2 h min.
. . . S41041 HT 2075 to 2125 °F [1136 to 1163 °C] for 2 h min, quench in air or oil and temper at 1250 °F [677 °C] min for 2 h min.

A New designation established in accordance with Practice E 527 and SAE J1086.
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, and order. Details of these supplementary requirements shall be agreed upon by the
manufacturer and purchaser.

Non-Destructive Examination—Grade D

S1.1 Method—Each bar shall be subjected to NDE. The method used shall be: Eddy Current (ET), Magnetic Particle (MPI
wet or dry), Liquid Penetrant (LPI), or Ultrasonic (UT), at the option of the vendor unless otherwise indicated in the purchase order.

S1.2 Acceptance Criteria—For LPI or MPI, linear indications (those indications longer than1⁄16 in. with a length greater than
three times their width) are unacceptable. For UT or ET, reject levels for linear indications shall be based on the alarm response
from a 0.012-in. maximum deep surface notch in a calibration bar.

SUMMARY OF CHANGES

This section identifies the location of selected changes to this standard that have been incorporated since
the A 565-023 issue. For the convenience of the user, Committee A01 has highlighted those changes that
impact the use of this standard. This section may also include descriptions of changes or reasons for
changes, or both (approved April 10, 2003).

(1) Revised title and deleted requirements relative to production of forgings and forging stock. These are now covered in
Specification A 1021.
(2) Revised and moved General Requirements section to comply with Guide A 994.
(3) Added Supplemental Requirement S1.

TABLE 3 Mechanical Property Requirements A

Grade
UNS

DesignationB Condition

Tensile Strength min,
ksi [MPa]

Yield Strength, min,
0.2 % Offset, ksi

[MPa]

Elongation in 2
in. [50 mm] or

4D, min, %

Reduction of
Area, min, %

Impact at Room
Temperature,

Charpy V-notch,
min, ft·lbf [J]

Brinell HardnessC

615 S41800 A . . . . . . . . . . . . . . . 311 max
HT 140 [965] 110 [760] 15 45 . . . 302 to 352

. . . S41425 HT 120 [825] 95 [655] 15 45 50 [68] 321 max
616 S42200 A . . . . . . . . . . . . . . . 248 max

T . . . . . . . . . . . . . . . 285 max
HT 140 [965] 110 [760] 13 30 8 [11] 302 to 352
H 120 [825] 85 [585] 17D 35 . . . 241 to 285
H 120 [825] 85 [585] 17 35 . . . 241 to 285

619 S42300 A . . . . . . . . . . . . . . . 248 max
T . . . . . . . . . . . . . . . 285 max

HT 140 [965] 110 [760] 8 20 8 [11] 302 to 352
XM-32 K64152 A . . . . . . . . . . . . . . . 311 max

HT 145 [1000] 115 [795] 15 30 30 [41] 302 to 352
. . . S41041 HT 115 [795] 75 [515] 15 50 20 [27] 277 max

A The properties and associated heat treatments are those most commonly specified. For sections greater than 15 in.2 (97 cm2) in cross-sectional area, it is suggested
that an agreement be reached between purchaser and materials vendor.

B New designation established in accordance with Practice E 527 and SAE J1086.
C Hardness taken at the surface for control purposes only. For acceptance purposes, tensile properties govern.
D The minimum elongation for forgings is 15 %.
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This section identifies the location of selected changes to this standard that have been incorporated since the A 565-03a
issue. For the convenience of the user, Committee A01 has highlighted those changes that impact the use of this

standard. This section may also include descriptions of changes or reasons for changes,
or both (approved May 10, 2003).

(2) Deleted Footnote D 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).
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Designation: A 568/A 568M – 03

Standard Specification for
Steel, Sheet, Carbon, and High-Strength, Low-Alloy, Hot-
Rolled and Cold-Rolled, General Requirements for 1

This standard is issued under the fixed designation A 568/A 568M; 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 general requirements for
steel sheet in coils and cut lengths. It applies to the following
specifications that describe carbon steel and high-strength,
low-alloy steel (HSLA) furnished as hot-rolled sheet and
cold-rolled sheet: Specifications A 414/A 414M, A 424, A 606,
A 659/A 659M, A 794, A 1008/A 1008M, and A 1011/
A 1011M.

1.2 This specification is not applicable to hot-rolled heavy-
thickness carbon sheet coils (ASTM Specification A 635/
A 635M).

1.3 In case of any conflict in requirements, the requirements
of the individual material specification shall prevail over those
of this general specification.

1.4 For the purposes of determining conformance with this
and the appropriate product specification referenced in 1.1,
values shall be rounded to the nearest unit in the right hand
place of figures used in expressing the limiting values in
accordance with the rounding method of Practice E 29.

1.5 Annex A1 lists permissible variations in dimensions and
mass (see Note 1) in SI [metric] units. The values listed are not
exact conversions of the values listed in the inch-pound tables,
but instead are rounded or rationalized values. Conformance to
Annex A1 is mandatory when the “M” specification is used.

NOTE 1—The term weight is used when inch-pound units are the
standard. However, under SI the preferred term ismass.

1.6 The values stated in either inch-pound units or SI units
are to be regarded 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 must be used inde-
pendently of the other. Combining values from the two systems
may result in nonconformance with the specification.

1.7 This specification and the applicable material specifica-
tions are expressed in both inch-pound units and SI units.
However, unless the order specifies the applicable “M” speci-
fication designation (SI units), the material shall be furnished
to inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 414/A 414M Specification for Steel, Sheet, Carbon, for
Pressure Vessels2

A 424 Specification for Steel, Sheet, for Porcelain Enamel-
ing2

A 606 Specification for Steel, Sheet and Strip, High-
Strength, Low-Alloy, Hot-Rolled and Cold-Rolled, with
Improved Atmospheric Corrosion Resistance2

A 635/A 635M Specification for Steel, Sheet and Strip,
Heavy-Thickness Coils, Carbon, Commercial Steel, Draw-
ing Steel, Structural, High-Strength Low-Alloy, and High-
Strength Low-Alloy with Improved Formability, Hot-
Rolled, General Requirements for2

A 659/A 659M Specification for Commercial Steel (CS),
Sheet and Strip, Carbon (0.16 Maximum to 0.25 Maxi-
mum Percent), Hot-Rolled2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

A 794 Specification for Commercial Steel (CS), Sheet,
Carbon (0.16 % Maximum to 0.25 % Maximum), Cold-
Rolled2

A 1008/A 1008M Specification for Steel, Sheet, Cold-
Rolled, Carbon, Structural, High-Strength Low-Alloy and
High-Strength Low-Alloy with Improved Formability2

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved April 10, 2003. Published May 2003. Originally
approved in 1966. Last previous edition approved in 2002 as A 568 – 02.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.

1

*A Summary of Changes section appears at the end of this standard.
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A 1011/A 1011M Specification for Steel, Sheet and Strip,
Hot-Rolled, Carbon, Structural, High-Strength Low-Alloy
and High-Strength Low-Alloy with Improved Formability2

E 11 Specification for Wire-Cloth Sieves for Testing Pur-
poses4

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

E 59 Practice for Sampling Steel and Iron for Determination
of Chemical Composition5

E 290 Test Method for Bend Testing of Material for Duc-
tility 6

2.2 Military Standards:7

MIL-STD-129 Marking for Shipment and Storage
MIL-STD-163 Steel Mill Products Preparation for Ship-

ment and Storage
2.3 Federal Standards:7

Fed. Std. No. 123 Marking for Shipments (Civil Agencies)
Fed. Std. No. 183 Continuous Identification Marking of Iron

and Steel Products

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 Steel Types:
3.1.2 carbon steel—the designation for steel when no mini-

mum content is specified or required for aluminum, chromium,
cobalt, columbium, molybdenum, nickel, titanium, tungsten,
vanadium, zirconium, or any element added to obtain a desired
alloying effect; when the specified minimum for copper does
not exceed 0.40 %; or when the maximum content specified for
any of the following elements does not exceed the percentages
noted: manganese 1.65, silicon 0.60, or copper 0.60.

3.1.2.1 Discussion—In all carbon steels small quantities of
certain residual elements unavoidably retained from raw ma-
terials are sometimes found which are not specified or required,
such as copper, nickel, molybdenum, chromium, etc. These
elements are considered as incidental and are not normally
determined or reported.

3.1.3 high-strength, low-alloy steel—a specific group of
steels in which higher strength, and in some cases additional
resistance to atmospheric corrosion or improved formability,
are obtained by moderate amounts of one or more alloying
elements.

3.1.4 Product Types:
3.1.5 hot-rolled sheet—manufactured by hot rolling slabs in

a continuous mill to the required thickness and can be supplied
in coils or cut lengths as specified.

(a) Hot-rolled carbon and high-strength low-alloy (HSLA)
steel sheet is commonly classified by size as follows:

Coils and Cut Lengths
Width, in. Thickness, in.

12 to 48, incl 0.031 to 0.230, excl
Over 48 0.031 to 0.180, excl

Coils and Cut Lengths
Width, mm Thickness, mm

Over 300 to 1200, incl 0.8 to 6.0, excl
Over 1200 0.8 to 4.5, excl

3.1.6 cold-rolled sheet—manufactured from hot-rolled des-
caled coils by cold reducing to the desired thickness, generally
followed by annealing to recrystallize the grain structure. If the
sheet is not annealed after cold reduction it is known as full
hard with a hardness of 84 HRB minimum and can be used for
certain applications where ductility and flatness are not re-
quired.

(a) Cold-rolled carbon sheet is commonly classified by size
as follows:

Width, in. Thickness, in.

Through 12A Through 0.082
Over 12B through 23 15/16 Through 0.142

Over 23 15/16 Through 0.142

Width, mm Thickness, mm
To 300, inclA Through 2.0
Over 300B Through 4.0

A Cold-rolled sheet coils and cut lengths, slit from wider coils with cut edge (only)
and in thicknesses through 0.082 in. [2.0 mm] carbon 0.25 % maximum by cast
analysis.

B When no special edge or finish (other than matte, commercial bright, or luster
finish) or single strand rolling of widths, or both under 24 in. [600 mm] is not
specified or required.

(b) Cold-rolled high-strength low-alloy sheet is commonly
classified by size as follows:

Width, in. Thickness, in.
Through 12A 0.019 through 0.082

Over 12B 0.020 and over

Width, mm Thickness, mm
To 300, inclA

Over 300B
0.5 to 2.0, incl
0.5 and Over

A Cold-rolled sheet coils and cut lengths, slit from wider coils with cut edge (only)
and in thicknesses 0.019 in. [0.5 mm] through 0.82 in. [2.0 mm] carbon 0.25 %
maximum by cast analysis.

B When no special edge or finish (other than matte, commercial bright, or luster
finish) or single strand rolling of widths, or both under 24 in. [600 mm] is not
specified or required.

3.1.6.1 Discussion—Steel products are available in various
thickness, width, and length combinations depending upon
equipment and processing capabilities of various manufactur-
ers and processors. Historic limitations of a product based upon
dimensions (thickness, width, and length) do not take into
account current production and processing capabilities. To
qualify any product for a particular product specification
requires all appropriate and necessary tests be performed and
that the results meet the limits prescribed in that product
specification. If the necessary tests required by a product
specification cannot be conducted, the product cannot be
qualified to that specification. This general requirements speci-
fication contains permitted variations for the commonly avail-
able sizes. Permitted variations for other sizes are subject to
agreement between the customer and the manufacturer or
processor, whichever is applicable.

3.1.7 retests, n—an additional test, or tests, made from the
original material when the original test did not meet the

4 Annual Book of ASTM Standards, Vol 14.02.
5 Discontinued;see 1996 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.01.
7 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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appropriate acceptance criteria required by a product specifi-
cation and the failure was mechanical in natures as described in
Section 11.

3.1.8 resample, n—an additional test, or tests, made when
the test on the original sample did not meet the appropriate
acceptance criteria required by the product specification but
possible requiring that the material in question have an
appropriate amount discarded prior to securing the new sample
or samples.

4. Materials and Manufacture

4.1 Unless otherwise specified, hot-rolled material shall be
furnished hot-rolled, not annealed, not pickled.

4.2 Coil breaks, stretcher strains, and fluting can occur
during the user’s processing of hot-rolled or hot-rolled pickled
sheet. When any of these features are detrimental to the
application, the manufacturer shall be notified at time of
ordering in order to properly process the sheet.

4.3 Cold-rolled carbon steel sheet is available as discussed
in 10.2, 10.3, and in Table 1.

4.4 Unless specified as a full-hard product, cold-rolled sheet
is annealed after being cold reduced to thickness. The an-
nealed, cold-rolled sheet can be used as annealed last (dead
soft) for unexposed end-use applications. When cold-rolled
sheet is used for unexposed applications and coil breaks are a
hazard in uncoiling, it may be necessary to further process the
material. In this case the manufacturer should be consulted.
After annealing, cold-rolled sheet is generally given a light
skin pass to impart shape or may be given a heavier skin pass
or temper pass to prevent the phenomenon known as stretcher
straining or fluting, when formed. Temper passing also pro-
vides a required surface texture.

4.5 Temper Rolling:
4.5.1 Unless otherwise specified, cold-rolled sheet for ex-

posed applications shall be temper rolled and is usually

specified and furnished in the strain free condition as shipped.
See Appendix X1, Effect of Aging of Cold-Rolled Carbon Steel
Sheet on Drawing and Forming.

4.5.2 Cold-rolled sheet for unexposed applications may be
specified and furnished “annealed last” or “temper rolled.”
“Annealed last” is normally produced without temper rolling
but may be lightly temper rolled during oiling or rewinding.
Unexposed temper-rolled material may be specified strain-free
or nonfluting. Where specific hardness range or limit or a
specified surface texture is required, the application is consid-
ered as exposed.

NOTE 2—Skin-passed sheet is subject to an aging phenomenon (see
Appendix X1). Unless special killed (nonaging) steel is specified, it is to
the user’s interest to fabricate the sheet as soon as possible, for optimum
performance.

5. Chemical Composition

5.1 Limits:
5.1.1 The chemical composition shall be in accordance with

the applicable product specification. However, if other compo-
sitions are required for carbon steel, they shall be prepared in
accordance with Appendix X2.

5.1.2 Where the material is used for fabrication by welding,
care must be exercised in selection of chemical composition or
mechanical properties to assure compatibility with the welding
process and its effect on altering the properties.

5.2 Cast or Heat Analysis:
5.2.1 An analysis of each cast or heat of steel shall be made

by the manufacturer to determine the percentage of elements
specified or restricted by the applicable specification.

5.2.2 When requested, cast or heat analysis for elements
listed or required shall be reported to the purchaser or to his
representative.

5.3 Product, Check, or Verification Analysis:

TABLE 1 Cold-Rolled Sheet Steel Class Comparison

Exposed Unexposed

Major imperfections:
Cut lengths Mill rejects Mill rejects
Coils Purchaser accepts within the manufacturer’s published

standards (policy)
Purchaser accepts within the manufacturer’s published

standards (policy)
Minor imperfections:

Cut lengths Mill rejections repetitive imperfections. May contain
random imperfections which the purchaser accepts within

the manufacturer’s published standards (policy)

Purchaser accepts all minor imperfections

Coils Purchaser accepts within the manufacturer’s published
standards (policy)

Purchaser accepts all minor imperfections

Finish Matte unless otherwise specified Purchaser accepts all finishes
Special oils May be specified May not be specified
Thickness, width and length
tolerance:

Standard Will be met Will be met
Restricted May be specified May not be specified

Flatness tolerance:
Standard Will be met Will be met (temper rolled) Not guaranteed—normally

within twice standard (annealed last)
Restricted Squareness May be specified May not be specified
Coil wraps Purchaser accepts within the manufacturer’s published

standards (policy)
Purchaser accepts all

Coil welds Purchaser accepts within the manufacturer’s published
standards (policy)

Purchaser accepts within the manufacturer’s published
standards (policy)

Outside inspection May be specified May not be specified
Special testing May be specified May not be specified
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5.3.1 Non-killed steels such as capped or rimmed steels are
not technologically suited to product analysis due to the
nonuniform character of their chemical composition and there-
fore, the tolerances in Table 2 do not apply. Product analysis is
appropriate on these types of steel only when misapplication is
apparent or for copper when copper steel is specified.

5.3.2 For steels other than non-killed (capped or rimmed),
product analysis may be made by the purchaser. The chemical
analysis shall not vary from the limits specified by more than
the amounts in Table 2. The several determinations of any
element in a cast shall not vary both above and below the
specified range.

5.4 Sampling for Product Analysis:
5.4.1 To indicate adequately the representative composition

of a cast by product analysis, it is general practice to select
samples to represent the steel, as fairly as possible, from a
minimum number of pieces as follows: 3 pieces for lots up to
15 tons incl, and 6 pieces for lots over 15 tons. (See Practice
E 59.)

5.4.2 When the steel is subject to tension test requirements,
samples for product analysis may be taken either by drilling
entirely through the used tension test specimens themselves, or
as covered in 5.4.3.

5.4.3 When the steel is not subject to tension test require-
ments, the samples for analysis must be taken by milling or
drilling entirely through the sheet in a sufficient number of
places so that the samples are representative of the entire sheet
or strip. The sampling may be facilitated by folding the sheet
both ways, so that several samples may be taken at one drilling.
Steel subjected to certain heating operations by the purchaser
may not give chemical analysis results that properly represent
its original composition. Therefore users must analyze chips

taken from the steel in the condition in which it is received
from the steel manufacturer.

5.5 Specimen Preparation—Drillings or chips must be
taken without the application of water, oil, or other lubricant,
and must be free of scale, grease, dirt, or other foreign
substances. They must not be overheated during cutting to the
extent of causing decarburization. Chips must be well mixed
and those too coarse to pass a No. 10 sieve or too fine to remain
on a No. 30 sieve are not suitable for proper analysis. Sieve
size numbers are in accordance with Specification E 11.

5.6 Test Methods—In case a referee analysis is required and
agreed upon to resolve a dispute concerning the results of a
chemical analysis, the procedure of performing the referee
analysis must be in accordance with the latest issue of Test
Methods, Practices and Terminology A 751, unless otherwise
agreed upon between the manufacturer and the purchaser.

6. Mechanical Properties

6.1 The mechanical property requirements, number of
specimens, and test locations and specimen orientation shall be
in accordance with the applicable product specification.

6.2 Unless otherwise specified in the applicable product
specification, test specimens must be prepared in accordance
with Test Methods and Definitions A 370.

6.3 Mechanical tests shall be conducted in accordance with
Test Methods and Definitions A 370.

6.4 Bend tests where required shall be conducted in com-
pliance with Test Method E 290.

6.5 To determine conformance with the product specifica-
tion, a calculated value should be rounded to the nearest 1 ksi
tensile strength and yield point or yield strength, and to the
nearest unit in the right hand place of figures used in expressing
the limiting value for other values in accordance with the
rounding off method given in Practice E 29.

6.6 Structural sheet steels are commonly fabricated by cold
bending. There are many interrelated factors that affect the
ability of a given steel to cold form over a given radius under
shop conditions. These factors include thickness, strength
level, degree of restraint, relationship to rolling direction,
chemistry and microstructure. Each of the appropriate product
specifications lists in the appendix the suggested minimum
inside radius for cold bending. These radii should be used as
minima for 90° bends. They presuppose “hard way” bending
(bend axis parallel to rolling direction) and reasonably good
shop forming practices. Where possible, the use of larger radii
or “easy way” bends are recommended for improved perfor-
mance.

6.7 Fabricators should be aware that cracks may initiate
upon bending a sheared or burned edge. This is not considered
to be a fault of the steel but is rather a function of the induced
cold-work or heat-affected zone.

7. General Requirements for Delivery

7.1 The products covered by this specification are produced
to inch-pound or metric decimal thickness only and the
appropriate thickness tolerances apply.

TABLE 2 Tolerances for Product Analysis

Element
Limit, or Maximum of
Specified Element, %

Tolerance

Under
Minimum

Limit

Over
Maximum

Limit

Carbon to 0.15 incl 0.02 0.03
over 0.15 to 0.40 incl 0.03 0.04
over 0.40 to 0.80 incl 0.03 0.05

over 0.80 0.03 0.06
Manganese to 0.60 incl 0.03 0.03

over 0.60 to 1.15 incl 0.04 0.04
over 1.15 to 1.65 incl 0.05 0.05

Phosphorus . . .A 0.01
Sulfur . . .A 0.01
Silicon to 0.30 incl 0.02 0.03

over 0.30 to 0.60 incl 0.05 0.05
Copper 0.02 . . .A

Nickel to 1.00 incl . . .A 0.03
Chromium to 0.90 incl . . .A 0.04
Molybdenum to 0.20 incl . . .A 0.01
Vanadium to 0.10 incl 0.01B 0.01B

Columbium
(Niobium)

to 0.10 incl 0.01B 0.01B

Titanium to 0.15 incl 0.01A 0.01B

Aluminum to 0.10 incl 0.03C . . .A

Nitrogen to 0.030 incl 0.005 0.005
A Where an ellipsis (. . .) appears in the table, the requirements have not been

defined.
B If the minimum of the range is 0.01%, the under tolerance is 0.005%.
C If the minimum of the range is 0.01%, the under tolerance is 0.005% and if the

minimum of the range is 0.02%, the under tolerance is 0.01%.
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7.2 Steel may be produced as ingot-cast or strand-cast.
When different grades of strand-cast steel are sequentially cast,
identification and separation of the transition material is
required.

8. Dimensions, Tolerances, and Allowances

8.1 Dimensions, tolerances, and allowances applicable to
products covered by this specification are contained in Tables
3-25 [Annex A1, Tables A1.1-A1.20]. The appropriate toler-
ance tables shall be identified in each individual specification.

8.2 Flatness Tolerances:
8.2.1 Standard flatness tolerances are contained in Table 15

and Table 16 for hot-rolled sheet and Table 25 for cold-rolled
sheet.

8.2.2 Two alternative methods for flatness determination are
the use of I-units and percent steepness. These methods are
explained in Appendix X5.

8.2.2.1 The use of I-units or percent steepness as a flatness
standard is subject to negotiation between the purchaser and
the producer.

8.2.2.2 Measurement techniques for I-units and percent
steepness and rejection limits are subject to negotiation be-
tween the purchaser and the producer.

9. Finish and Condition

9.1 Hot-rolled sheet has a surface with an oxide or scale
resulting from the hot-rolling operation. The oxide or scale can
be removed by pickling or blast cleaning when required for
press-work operations or welding. Hot-rolled and hot-rolled
descaled sheet is not generally used for exposed parts where
surface is of prime importance.

9.1.1 Hot-rolled sheet can be supplied with mill edges or cut
edges as specified. Mill edges are the natural edges resulting
from the hot-rolling operation. They do not conform to any
particular contour. They may also contain some edge imper-
fections, the more common types of which are cracked edges,
thin edges (feather), and damaged edges due to handling or
processing and which should not extend in beyond the ordered
width. These edge conditions are detrimental where joining of
the mill edges by welding is practiced. When the purchaser
intends to shear or to blank, a sufficient width allowance should
be made when purchasing to ensure obtaining the desired
contour and size of the pattern sheet. The manufacturer may be

consulted for guidance. Cut edges are the normal edges which
result from the shearing, slitting, or trimming of mill-edge
sheet.

9.1.1.1 The ends of plain hot-rolled mill- edge coils are
irregular in shape and are referred to as uncropped ends. Where
such ends are not acceptable, the purchaser’s order should so
specify. Processed coils such as pickled or blast cleaned are
supplied with square-cut ends.

9.2 Cold-rolled carbon sheet (exposed) is intended for those
applications where surface appearance is of primary impor-
tance. This class will meet requirements for controlled surface
texture, surface quality, and flatness. It is normally processed
by the manufacturer to be free of stretcher strain and fluting.
Subsequent user roller leveling immediately before fabrication
will minimize strain resulting from aging.

9.2.1 Cold-rolled carbon sheet, when ordered for exposed
applications, can be supplied in the following finishes:

9.2.1.1 Matte finish is a dull finish, without luster, produced
by rolling on rolls that have been roughened by mechanical or
chemical means to various degrees of surface texture depend-
ing upon application. With some surface preparation matte
finish is suitable for decorative painting. It is not generally
recommended for bright plating.

9.2.1.2 Commercial bright finish is a relatively bright finish
having a surface texture intermediate between that of matte and
luster finish. With some surface preparation commercial bright
finish is suitable for decorative painting or certain plating
applications. If sheet is deformed in fabrication the surface
may roughen to some degree and areas so affected will require
surface preparation to restore surface texture to that of the
undeformed areas.

9.2.1.3 Luster finish is a smooth bright finish produced by
rolling on ground rolls and is suitable for decorative painting or
plating with additional special surface preparation by the user.
The luster may not be retained after fabrication; therefore, the
formed parts will require surface preparation to make them
suitable for bright plating.

9.3 Cold-rolled carbon sheet, when intended for unexposed
applications, is not subject to limitations on degree and
frequency of surface imperfections, and restrictions on texture
and mechanical properties are not applicable. When ordered as
“annealed last,” the product will have coil breaks and a
tendency toward fluting and stretcher straining. Unexposed

TABLE 3 List of Tables for Dimensions, Tolerances, and Allowances

CarbonA and High-Strength Low-Alloy Steel

Dimensions Table No.

Hot-Rolled Sheet Cold-Rolled Sheet
Inch-Pound
Units

SI Units Inch-Pound
Units

SI Units

Camber tolerances 12 A1.9 12, 24 A1.9, A1.19
Diameter tolerances of sheared circles 11 A1.8 11 A1.8
Flatness tolerances 15, 16 A1.12, A1.13 25 A1.20
Length tolerances 10 A1.7 21, 22 A1.16, A1.17
Out-of-square tolerances 13 A1.10 13 A1.10
Restricted Squareness tolerances 14 A1.11 14 A1.11
Thickness tolerances 4, 5, 6, 7 A1.1, A1.2, A1.3, A1.4 17, 18, 19, 20 A1.14, A1.15
Width tolerances of cut edge 9 A1.6 9, 23 A1.6, A1.18
Width tolerances of mill edge 8 A1.5 . . .

A Tolerances for hot-rolled carbon sheet steel with 0.25 % maximum carbon, cast or heat analysis.
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cold-rolled sheet may contain more surface imperfections than
exposed cold-rolled sheet because steel applications, process-
ing procedures, and inspection standards are less stringent.

9.4 Cold-rolled high-strength low-alloy sheet is supplied
with a matte finish, unless otherwise specified.

9.5 The cold-rolled products covered by this specification
are furnished with cut edges and square cut ends, unless
otherwise specified.

9.6 Oiling:
9.6.1 Plain hot-rolled sheet is customarily furnished not

oiled. Oiling must be specified, when required.
9.6.2 Hot-rolled pickled or descaled sheet is customarily

furnished oiled. If the product is not to be oiled, it must be so
specified since the cleaned surface is prone to rusting.

9.6.3 Cold-rolled products covered by this specification can
be furnished oiled or not oiled as specified.

9.7 Sheet steel in coils or cut lengths may contain surface
imperfections that can be removed with a reasonable amount of
metal finishing by the purchaser.

10. Workmanship

10.1 Cut lengths shall have a workmanlike appearance and
shall not have imperfections of a nature or degree for the
product, the grade, class, and the quality ordered that will be
detrimental to the fabrication of the finished part.

10.2 Coils may contain some abnormal imperfections that
render a portion of the coil unusable since the inspection of
coils does not afford the producer the same opportunity to
remove portions containing imperfections as in the case with
cut lengths.

10.3 Surface Conditions:

TABLE 4 Standard Thickness Tolerances for Hot-Rolled Sheet (Carbon Steel)— 3⁄8-in. (Cut Edge) and 3⁄4-in. (Mill Edge) Minimum Edge
Distance (Coils and Cut Lengths, Including Pickled)

NOTE 1—Thickness is measured at any point across the width not less than3⁄8 in. from a cut edge and not less than3⁄4 in. from a mill edge. This table
does not apply to the uncropped ends of mill edge coils.

NOTE 2—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over
and under.

NOTE 3—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80
mm]. The tip of the spindle shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

Specified Width, in.

Thickness Tolerances Over, in., No Tolerance Under

Specified Minimum Thickness, in.

0.031 to 0.051,
incl

Over 0.051 to 0.057,
incl

Over 0.057 to 0.071,
incl

Over 0.071 to 0.098,
incl

Over 0.098 to 0.180,
excl

0.180 to 0.230,
excl

12 to 20 incl 0.010 0.010 0.012 0.012 0.014 0.014
Over 20 to 40 incl 0.010 0.010 0.012 0.014 0.014 0.016
Over 40 to 48 incl 0.010 0.012 0.012 0.014 0.016 0.018
Over 48 to 60 incl . . .A 0.012 0.014 0.014 0.016 B

Over 60 to 72 incl . . .A 0.014 0.014 0.016 0.016 B

Over 72 . . .A . . .A . . .A 0.016 0.016 B

A Where an ellipsis (. . .) appears in the table, the requirements have not been defined.
B Product not available in this size range.

TABLE 5 Restricted Thickness Tolerances for Hot-Rolled Sheet (Carbon Steel)— 5⁄8-in. (Cut Edge) and 1-in. (Mill Edge) Minimum Edge
Distance (Coils and Cut Lengths, Including Pickled)

NOTE 1—Thickness is measured at any point across the width not less than5⁄8 in. from a cut edge and not less than 1 in. from a mill edge. This table
does not apply to the uncropped ends of mill edge coils.

NOTE 2—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over
and under.

NOTE 3—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80
mm]. The tip of the spindle shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

NOTE 4—This table was constructed by multiplying the values in the standard table by 0.75 and rounding to 3 decimal places using standard ASTM
practice.

Specified Width, in.

Thickness Tolerances Over, in., No Tolerance Under

Specified Minimum Thickness, in.

0.031 to 0.051,
incl

Over 0.051 to 0.057,
incl

Over 0.057 to 0.071,
incl

Over 0.071 to 0.098,
incl

Over 0.098 to 0.180,
excl

0.180 to 0.230,
excl

12 to 20 incl 0.008 0.008 0.009 0.009 0.010 0.010
Over 20 to 40, incl 0.008 0.008 0.009 0.010 0.010 0.012
Over 40 to 48, incl 0.008 0.009 0.009 0.010 0.012 0.014
Over 48 to 60, incl . . .A 0.009 0.010 0.010 0.012 B

Over 60 to 72, incl . . .A 0.009 0.010 0.012 0.012 B

Over 72 . . .A . . .A 0.010 0.012 0.012 B

A Where an ellipsis (. . .) appears in the table, the requirements have not been defined.
B Product not available in this size range.
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10.3.1 Exposed cold-rolled sheet is intended for applica-
tions where surface appearance is of primary importance, that
is, exposed applications. Unexposed or annealed cold-rolled
sheet is intended for applications where surface appearance is
not of primary importance, that is, unexposed applications.

10.3.2 Cut lengths for exposed applications shall not in-
clude individual sheets having major surface imperfections
(holes, loose slivers, and pipe) and repetitive minor surface
imperfections. Cut lengths may contain random minor surface

imperfections that can be removed with a reasonable amount of
metal finishing by the purchaser. These imperfections shall be
acceptable to the purchaser within the manufacturer’s pub-
lished standards.

10.3.3 For coils for exposed applications, it is not possible
to remove the surface imperfections listed in 10.3.2. Coils will
contain such imperfections which shall be acceptable to the
purchaser within the manufacturer’s published standards. Coils
contain more surface imperfections than cut lengths because

TABLE 6 Standard Thickness Tolerances for Hot-Rolled Sheet (High-Strength, Low-Alloy Steel)— 3⁄8-in. (Cut Edge) and 3⁄4-in. (Mill Edge)
Minimum Edge Distance (Coils and Cut Lengths, Including Pickled)

NOTE 1—Thickness is measured at any point across the width not less than3⁄8 in. from a cut edge and not less than3⁄4 in. from a mill edge. This table
does not apply to the uncropped ends of mill edge coils.

NOTE 2—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over
and under.

NOTE 3—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80
mm]. The tip of the spindle shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

Specified Width, in.

Thickness Tolerances, Over, in., No Tolerance Under

Specified Minimum Thickness, in.

0.031 to 0.051,
incl

Over 0.051
to 0.059, incl

Over 0.059
to 0.070, incl

Over 0.070 to
0.082, incl

Over 0.082 to
0.098, incl

Over 0.098 to
0.180, excl

0.180 to
0.230, excl

12 to 15, incl 0.010 0.012 0.012 0.012 0.012 0.014 0.014
Over 15 to 20, incl 0.010 0.012 0.014 0.014 0.014 0.016 0.016
Over 20 to 32, incl 0.012 0.012 0.014 0.014 0.014 0.016 0.018
Over 32 to 40, incl 0.012 0.012 0.014 0.014 0.016 0.016 0.018
Over 40 to 48, incl 0.012 0.014 0.014 0.014 0.016 0.020 0.020
Over 48 to 60, incl . . .A 0.014 0.014 0.014 0.016 0.020 B

Over 60 to 72, incl . . .A . . .A 0.016 0.016 0.018 0.022 B

Over 72 to 80, incl . . .A . . .A . . .A 0.016 0.018 0.024 B

Over 80 . . .A . . .A . . .A . . .A 0.020 0.024 B

A Where an ellipsis (. . .) appears in the table, the requirements have not been defined.
B Product not available in this size range.

TABLE 7 Restricted Thickness Tolerances for Hot-Rolled Sheet (High-Strength, Low-Alloy Steel)— 5⁄8-in. (Cut Edge) and 1-in. (Mill
Edge) Minimum Edge Distance (Coils and Cut Lengths, Including Pickled)

NOTE 1—Thickness is measured at any point across the width not less than5⁄8 in. from a cut edge and not less than 1 in. from a mill edge. This table
does not apply to the uncropped ends of mill edge coils.

NOTE 2—The specified thickness tolerance range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided
equally, over and under.

NOTE 3—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80
mm]. The tip of the spindle shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

NOTE 4—This table was constructed by multiplying the values in the standard table by 0.75 and rounding to 3 places using standard ASTM practice.

Specified Width, in.

Thickness Tolerances All Over, in., No Tolerance Under

Specified Minimum Thickness, in.

0.031 to 0.051,
incl

Over 0.051 to
0.059, incl

Over 0.059 to
0.070, incl

Over 0.070
to 0.082,

incl

Over 0.082
to 0.098,

incl

Over 0.098
to 0.180,

excl

0.180 to
0.230, excl

12 to 15, incl 0.008 0.009 0.009 0.009 0.009 0.010 0.010
Over 15 to 20, incl 0.008 0.009 0.010 0.010 0.010 0.012 0.012
Over 20 to 32, incl 0.009 0.009 0.010 0.010 0.010 0.012 0.014
Over 32 to 40, incl 0.009 0.009 0.010 0.010 0.012 0.012 0.014
Over 40 to 48, incl 0.009 0.010 0.010 0.010 0.012 0.015 0.015
Over 48 to 60, incl . . .A 0.010 0.010 0.010 0.012 0.015 B

Over 60 to 72, incl . . .A . . .A 0.012 0.012 0.014 0.016 B

Over 72 to 80, incl . . .A . . .A . . .A 0.012 0.014 0.018 B

Over 80 . . .A . . .A . . .A . . .A 0.015 0.018 B

A Where an ellipsis (. . .) appears in the table, the requirements have not been defined.
B Product not available in this size range.
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the producer does not have the same opportunity to sort
portions containing such imperfections as is possible with cut
lengths.

10.3.4 Cut lengths for unexposed applications shall not
include individual sheets having major surface imperfections
such as holes, loose slivers, and pipe. In addition, unexposed
cut lengths can be expected to contain more minor imperfec-
tions such as pits, scratches, sticker breaks, edge breaks,
pinchers, cross breaks, roll marks, and other surface imperfec-
tions than exposed. These imperfections shall be acceptable to
the purchaser without limitation.

10.3.5 For coils for unexposed applications, it is not pos-
sible to remove the surface imperfections listed in 10.3.4. Coils
will contain surface imperfections that are normally not repair-
able. Minor imperfections shall be acceptable to the purchaser

within the manufacturer’s published standards. Unexposed
coils contain more surface imperfections than exposed coils.

11. Retests and Resampling

11.1 Retests:
11.1.1 Unless otherwise prohibited by the product specifi-

cation, retests are permitted under the following circumstances:
11.1.1.1 If any test specimen shows defective machining or

develops flaws, it must be discarded and another specimen
substituted.

11.1.1.2 If the percent elongation of any test specimen is
less than that specified and any part of the fracture is more than

TABLE 8 Width Tolerances A of Hot-Rolled Mill Edge Sheet
(Carbon and High-Strength Low-Alloy Steel)

(Coils and Cut Lengths, Including Pickled)

Carbon

Specified Width, in.

Tolerances Over
Specified Width,
in. No Tolerance

Under

12 to 14 incl 7⁄16

Over 14 to 17 incl 1⁄2
Over 17 to 19 incl 9⁄16

Over 19 to 21 incl 5⁄8
Over 21 to 24 incl 11⁄16

Over 24 to 26 incl 13⁄16

Over 26 to 30 incl 15⁄16

Over 30 to 50 incl 11⁄8
Over 50 to 78 incl 11⁄2
Over 78 17⁄8

High-Strength Low-Alloy

12 to 14 incl 7⁄16

Over 14 to 17 incl 1⁄2
Over 17 to 19 incl 9⁄16

Over 19 to 21 incl 5⁄8
Over 21 to 24 incl 11⁄16

Over 24 to 26 incl 13⁄16

Over 26 to 28 incl 15⁄16

Over 28 to 35 incl 11⁄8
Over 35 to 50 incl 11⁄4
Over 50 to 60 incl 11⁄2
Over 60 to 65 incl 15⁄8
Over 65 to 70 incl 13⁄4
Over 70 to 80 incl 17⁄8
Over 80 2

A The above tolerances do not apply to the uncropped ends of mill edge coils
(10.1.1.1).

TABLE 9 Width Tolerances of Hot-Rolled Cut Edge Sheet and
Cold-Rolled Sheet (Carbon and High-Strength Low-Alloy Steel)

(Not Resquared, Coils and Cut Lengths, Including Pickled)

Specified Width, in.

Tolerances Over
Specified Width,
in. No Tolerance

Under

Over 12 to 30 incl 1⁄8
Over 30 to 48 incl 3⁄16

Over 48 to 60 incl 1⁄4
Over 60 to 80 incl 5⁄16

Over 80 3⁄8

TABLE 10 Length Tolerances of Hot-Rolled Sheet (Carbon and
High-Strength Low-Alloy Steel)

(Cut Lengths Not Resquared, Including Pickled)

Specified Length, in.

Tolerances Over
Specified

Length, in. No
Tolerance Under

To 15 incl 1⁄8
Over 15 to 30 incl 1⁄4
Over 30 to 60 incl 1⁄2
Over 60 to 120 incl 3⁄4
Over 120 to 156 incl 1
Over 156 to 192 incl 11⁄4
Over 192 to 240 incl 11⁄2
Over 240 13⁄4

TABLE 11 Diameter Tolerances of Circles Sheared from Hot-
Rolled (Including Pickled) and Cold-Rolled Sheet (Over 12 in.

Width) (Carbon and High-Strength Low-Alloy Steel)

Specified Thickness,A in.

Tolerances Over Specified
Diameter, in. (No Toler-

ances Under)

Under
30

Over 30
to 48
incl

Over 48

0.044 to 0.057 incl 1⁄16 1⁄8 3⁄16

Over 0.057 to 0.098 incl 3⁄32 5⁄32 7⁄32

Over 0.098 1⁄8 3⁄16 1⁄4
A 0.071 in. minimum thickness for hot-rolled high-strength low-alloy steel sheet.

TABLE 12 Camber Tolerances A for Hot-Rolled (Including
Pickled) and Cold-Rolled Sheet (Over 12 in. Width) (Carbon and

High-Strength Low-Alloy Steel)
(Cut Lengths, not Resquared)

NOTE 1—Camber is the greatest deviation of a side edge from a straight
line, the measurement being taken on the concave side with a straightedge.

Cut Length, ft
Camber Toler-

ances, in.

To 4 incl 1⁄8
Over 4 to 6 incl 3⁄16

Over 6 to 8 incl 1⁄4
Over 8 to 10 incl 5⁄16

Over 10 to 12 incl 3⁄8
Over 12 to 14 incl 1⁄2
Over 14 to 16 incl 5⁄8
Over 16 to 18 incl 3⁄4
Over 18 to 20 incl 7⁄8
Over 20 to 30 incl 11⁄4
Over 30 to 40 incl 11⁄2

A The camber tolerance for coils is 1 in. in any 20 ft.
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3⁄4 in. [20 mm] from the center of the gage length of a 2-in. [50
mm] specimen or is outside the middle half of the gage length
of an 8-in. [200 mm] specimen, as indicated by scribe scratches
marked on the specimen before testing, a retest is allowed.

11.1.1.3 If a bend specimen fails, due to conditions of
bending more severe than required by the specification, a retest
is permitted either on a duplicate specimen or on a remaining
portion of the failed specimen.

11.2 Resampling:
11.2.1 Unless otherwise prohibited by the product specifi-

cation, resampling is permitted under the following circum-
stances and using the following practices:

11.2.1.1 If the results of the an original tensile specimen are
within 2 ksi (14 MPa) of the required tensile properties,
resampling is permitted. The new sample shall be taken from
the material in question. If the results of the this new specimen
meet the specified requirements, the lot will be accepted.

11.2.1.2 If the results of the original tensile specimen are
more than 2 ksi (14 MPa) from the required tensile properties,
resampling is permitted providing material produced between
the location of the original test and the location of the new
sample is discarded from the lot to be qualified. Such discarded
material shall not be qualified to meet the specification by the
new sample. Resampling any lot more than twice shall not be
permitted. If the material is resampled, two tests will be
required. The first test shall be adjacent to the beginning of the
material to be qualified and the second at another location
within the lot be qualified. If the results of both resampling test
specimens meet the specified requirements, the lot will be
accepted. A total of two resampling efforts will be permitted.

12. Inspection

12.1 When purchaser’s order stipulates that inspection and
tests (except product analyses) for acceptance on the steel be
made prior to shipment from the mill, the manufacturer shall
afford the purchaser’s inspector all reasonable facilities to
satisfy him that the steel is being produced and furnished in
accordance with the specification. Mill inspection by the
purchaser shall not interfere unnecessarily with the manufac-
turer’s operation.

13. Rejection and Rehearing

13.1 Unless otherwise specified, any rejection shall be
reported to the manufacturer within a reasonable time after
receipt of material by the purchaser.

13.2 Material that is reported to be defective subsequent to
the acceptance at the purchaser’s works shall be set aside,
adequately protected, and correctly identified. The manufac-
turer shall be notified as soon as possible so that an investiga-
tion may be initiated.

13.3 Samples that are representative of the rejected material
shall be made available to the manufacturer. In the event that
the manufacturer is dissatisfied with the rejection, he may
request a rehearing.

TABLE 13 Out-of-Square Tolerances of Hot-Rolled Cut-Edge
(Including Pickled) and Cold-Rolled Sheet (Over 12 in. Width)

(Carbon and High-Strength, Low-Alloy Steel)
(Cut Lengths Not Resquared)

Out-of-square is the greatest deviation of an end edge from a straight line at
right angle to a side and touching one corner. It is also obtained by measuring
the difference between the diagonals of the cut length. The out-of-square
deviation is one half of that difference. The tolerance for all thicknesses and all
sizes is 1⁄16 in./6 in. of width or fraction thereof.

TABLE 14 Restricted Squareness Tolerances of Hot-Rolled
(Including Pickled) and Cold-Rolled Sheet (Over 12 in. Width)

(Carbon and High-Strength, Low-Alloy Steel)
(Cut Lengths)

When cut lengths are specified resquared, the width and the length are not less
than the dimensions specified. The individual tolerance for over-width, over-
length, camber, or out-of-square should not exceed 1⁄16 in. up to and including
48 in. in width and up to and including 120 in. in length. For cut lengths wider
or longer, the applicable tolerance is 1⁄8 in.

TABLE 15 Flatness Tolerances A of Temper Rolled or Pickled
Hot-Rolled Sheet Cut Lengths B (Carbon and High-Strength, Low-

Alloy Steel)

Specified Minimum
Thickness, in.

Specified Width,
in.

Flatness Toler-
ances,C in.

Specified Yield
Strength, min, ksi

Under
45

45 to 50D,E

0.031 to 0.057 incl over 12 to 36 incl
over 36 to 60 incl

over 60

1⁄2
3⁄4
1

3⁄4
11⁄8
. . .

0.057 to 0.180 excl over 12 to 60 incl
over 60 to 72 incl

over 72

1⁄2
3⁄4
1

3⁄4
11⁄8
11⁄2

0.180 to 0.230 excl over 12 to 48 incl 1⁄2 3⁄4
A The above table also applies to lengths cut from coils by the consumer when

adequate flattening operations are performed.
B Application of this table to product in coil form is not appropriate unless the coil

has been rolled out and adequately flattened with all coil set removed.
C Maximum deviation from a horizontal flat surface.
D Tolerances for steels with specified minimum yield strength in excess of 50 ksi

are subject to negotiation.
E 0.071 minimum thickness of HSLA.

TABLE 16 Flatness Tolerances A of Non-Processed Hot Rolled
Sheet Cut Lengths B (Carbon and High-Strength, Low-Alloy Steel)

Specified Minimum
Thickness, in.

Specified Width,
in.

Flatness Toler-
ances,C in.

Specified Yield
Strength, min, ksi

Under
45

45 to 50D,E

0.031 to 0.057 incl over 12 to 36 incl
over 36 to 60 incl

over 60

11⁄2
21⁄4
3

21⁄4
33⁄8
. . .

over 0.057 to 0.180 excl over 12 to 60 incl
over 60 to 72 incl

over 72

11⁄2
21⁄4
3

21⁄4
33⁄8
41⁄2

0.180 to 0.230 excl over 12 to 48 incl 11⁄2 21⁄4
A The above table also applies to lengths cut from coils by the consumer when

adequate flattening operations are performed.
B Application of this table to product in coil form is not appropriate unless the coil

has been rolled out and adequately flattened with all coil set removed.
C Maximum deviation from a horizontal flat surface.
D Tolerances for steels with specified minimum yield strength in excess of 50 ksi

are subject to negotiation.
E 0.071 minimum thickness of HSLA.
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14. Test Reports and Certification

14.1 When test reports are required by the purchase order or
the material specification, the supplier shall report the results of
all test required by the material specification and the order.

14.2 When certification is required by the purchase order,
the supplier shall furnish a certification that the material has
been manufactured and tested in accordance with the require-
ments of the material specification.

14.3 A signature is not required on test reports or certifica-
tions. However, the document shall clearly identify the orga-
nization submitting the document. Notwithstanding the ab-

sence of a signature, the organization submitting the document
is responsible for the content of the document.

14.4 When test reports are required, copies of the original
material manufacturer’s test report shall be included with any
subsequent test report.

14.5 A Material Test Report, Certificate of Inspection, or
similar document printed from or used in electronic form from
an electronic data interchange (EDI) transmission shall be
regarded as having the same validity as a counterpart printed in
the certifier’s facility. The content of the EDI transmitted
document must meet the requirements of the invoked ASTM

TABLE 17 Standard Thickness Tolerances for Cold-Rolled Sheet (Carbon and High-Strength, Low-Alloy Steel) A—3⁄8-in. Minimum Edge
Distance (Coils and Cut Lengths Over 12 in. in Width)

NOTE 1—Thickness is measured at any point across the width not less than3⁄8 in. from a side edge.
NOTE 2—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over

and under.
NOTE 3—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80

mm]. The tip of the spindal shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

Specified Width, in.

Thickness Tolerances, Over, in., No Tolerance Under
Specified Minimum Thickness, in.

To 0.014,
excl

0.014 to 0.019,
incl

Over 0.019A to
0.039 incl

Over 0.039 to 0.057,
incl

Over 0.057 to 0.071,
incl

Over 0.071 to 0.098,
incl

Over 0.098 to
0.142, incl

12 to 15, incl 0.002 0.004 0.006 0.008 0.010 0.010 0.010
Over 15 to 72, incl 0.002 0.004 0.006 0.008 0.010 0.010 0.012
Over 72 . . .B . . .B 0.006 0.008 0.010 0.012 0.014

A Minimum Thickness, 0.021 in. for high-strength, low-alloy.
B Where an ellipsis (. . .) appears in the table, the requirements have not been defined.

TABLE 18 Restricted Thickness Tolerances for Cold-Rolled Sheet (Carbon and High-Strength, Low-Alloy Steel) A—1-in. Minimum Edge
Distance (Coils and Cut Lengths Over 12 in. in Width)

NOTE 1—Thickness is measured at any point across the width not less than 1 in. from a side edge.
NOTE 2—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over

and under.
NOTE 3—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80

mm]. The tip of the spindal shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

NOTE 4—This table was constructed by multiplying the values in the standard table by 0.50 and rounding to 3 places using standard ASTM practice.

Specified Width, in.

Thickness Tolerances, Over, in., No Tolerance Under
Specified Minimum Thickness, in.

To 0.014,
excl

0.014 to 0.019,
incl

Over 0.019A to
0.039, incl

Over 0.039 to 0.057,
incl

Over 0.057 to 0.071,
incl

Over 0.071 to 0.098,
incl

Over 0.098 to 0.142,
incl

12 to 15, incl 0.001 0.002 0.003 0.004 0.005 0.005 0.005
Over 15 to 72, incl 0.001 0.002 0.003 0.004 0.005 0.005 0.006
Over 72 . . .B . . .B 0.003 0.004 0.005 0.006 0.007

A Minimum Thickness, 0.021 in. for high-strength, low-alloy.
B Where an ellipsis (. . .) appears in the table, the requirements have not been defined.

TABLE 19 Standard Thickness Tolerances for Cold-Rolled Sheet (Carbon and High-Strength, Low-Alloy Steel) A—3⁄8 in. Minimum Edge
Distance (Coils and Cut Lengths 2 to 12 in. in Width)

NOTE 1—Thickness is measured at any point across the width not less than3⁄8 in. from a side edge.
NOTE 2—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over

and under.
NOTE 3—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80

mm]. The tip of the spindal shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

Specified Width, in.

Thickness Tolerances Over, in., No Tolerance Under
Specified Minimum Thickness, in.

To 0.014,
excl

0.014 to 0.019,
incl

Over 0.019A to 0.039,
incl

Over 0.039 to 0.057,
incl

Over 0.057 to 0.082,
incl

To 12, incl 0.002 0.004 0.006 0.008 0.010
A Minimum Thickness, 0.021 in. for high-strength, low-alloy.
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standard(s) and conform to any existing EDI agreement be-
tween the purchaser and the supplier. Notwithstanding the
absence of a signature, the organization submitting the EDI
transmission is responsible for the content of the report.

NOTE 3—The industry definition as invoked here is: EDI is the

computer to computer exchange of business information in an agreed upon
standard format such as ANSI ASC X12.

15. Product Marking

15.1 As a minimum requirement, the material shall be
identified by having the manufacturer’s name, ASTM designa-
tion, weight, purchaser’s order number, and material identifi-
cation legibly stenciled on top of each lift or shown on a tag
attached to each coil or shipping unit.

15.2 When specified in the contract or order, and for direct
procurement by or direct shipment to the government, marking

TABLE 20 Restricted Thickness Tolerances for Cold-Rolled Sheet (Carbon and High-Strength, Low-Alloy Steel) A—1⁄2- in. Minimum Edge
Distance (Coils and Cut Lengths 2 to 12 in. in Width)

NOTE 1—Thickness is measured at any point across the width not less than1⁄2 in. from a side edge.
NOTE 2—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over

and under.
NOTE 3—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80

mm]. The tip of the spindal shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

NOTE 4—This table was constructed by multiplying the values in the standard table by 0.50 and rounding to 3 places using standard ASTM practice.

Specified Width, in.

Thickness Tolerances Over, in., No Tolerance Under
Specified Minimum Thickness, in.

To 0.014,
excl

0.014 to 0.019,
incl

Over 0.019A to 0.039,
incl

Over 0.039 to 0.057,
incl

Over 0.057 to 0.082,
incl

To 12, incl 0.001 0.002 0.003 0.004 0.005
A Minimum Thickness, 0.021 in. for high-strength, low-alloy.

TABLE 21 Length Tolerances of Cold-Rolled Sheet (Carbon and
High-Strength, Low-Alloy Steel)

(Cut Lengths Over 12 in. in Width, Not Resquared)

Specified Length, in.

Tolerances Over
Specified Length,
in. No Tolerances

Under

Over 12 to 30, incl 1⁄8
Over 30 to 60, incl 1⁄4
Over 60 to 96, incl 1⁄2
Over 96 to 120, incl 3⁄4
Over 120 to 156, incl 1
Over 156 to 192, incl 11⁄4
Over 192 to 240 incl 11⁄2
Over 240 13⁄4

TABLE 22 Length Tolerances of Cold-Rolled Sheet (Carbon and
High-Strength, Low-Alloy Steel)

(Cut Length Sheets, to 12 in. in Width and 0.014 in. to 0.082 in. in
Thickness, Not Resquared)

NOTE 1—This table applies to widths produced by slitting from wider
sheet.

Specified Length, in.
Tolerances Over Specified

Length, in. No Tolerance Under

24 to 60, incl 1⁄2
Over 60 to 120, incl 3⁄4
Over 120 to 240, incl 1

TABLE 23 Width Tolerances for Cold-Rolled Sheet (Carbon and
High-Strength, Low-Alloy Steel) A

(Coils and Cut Lengths to 12 in. Width, Not Resquared, and 0.014 in.
to 0.082 in. in Thickness)

Specified Width, in.
Width Tolerance,

Plus and Minus, in.

To 6, incl 0.012
Over 6 to 9, incl 0.016
Over 9 to 12, incl 0.032

A 0.020 in. minimum thickness for high-strength low-alloy.

TABLE 24 Camber Tolerances of Cold-Rolled Sheet in Coils
(Carbon and High-Strength, Low-Alloy Steel) A

(Coils to 12 in. in Width 0.014 in. to 0.082 in. in Thickness)

NOTE 1—Camber is the greatest deviation of a side edge from a straight
line, the measurement being taken on the concave side with a straightedge.

NOTE 2—This table applies to widths produced by slitting from wider
sheet.

Width, in. Camber Tolerance

To 12, incl 1⁄4in. in any 8 ft
A 0.020 in. minimum thickness for high-strength low-alloy.

TABLE 25 Flatness Tolerances of Cold-Rolled Sheet (Carbon
and High-Strength, Low-Alloy Steel)

(Cut Lengths Over 12 in. in Width)

NOTE 1—This table does not apply when product is ordered full hard,
to a hardness range, or “annealed last” (dead soft).

NOTE 2—This table also applies to lengths cut from coils by the
consumer when adequate flattening measures are performed.

Specified
Thickness, in.

Specified Width, in.

Flatness Tolerance,A in.

Specified Yield
Point, min, ksi

Under 45 45 to 50B incl.

To 0.044, incl to 36 incl 3⁄8 3⁄4
over 36 to 60 incl 5⁄8 11⁄8

over 60 7⁄8 11⁄2
Over 0.044 to 36 incl 1⁄4 3⁄4

over 36 to 60 incl 3⁄8 3⁄4
over 60 to 72 incl 5⁄8 11⁄8

over 72 7⁄8 11⁄2
A Maximum deviation from a horizontal flat surface.
B Tolerances for high-strength, low-alloy steel with specified minimum yield point

in excess of 50 ksi are subject to negotiation.
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for shipment in addition to requirements specified in the
contract or order, shall be in accordance with MIL-STD-129
for military agencies and in accordance with Fed. Std. No. 123
for civil agencies.

15.3 Bar coding is acceptable as a supplementary identifi-
cation method. Bar coding should be consistent with the
Automotive Industry Action Group (AIAG) standard prepared
by the primary metals subcommittee of the AIAG bar code
project team.

16. Packing and Package Marking

16.1 Unless otherwise specified, the sheet shall be pack-
aged and loaded in accordance with Practices A 700.

16.2 When specified in the contract or order, and for direct
procurement by or direct shipment to the government, when

Level A is specified, preservation, packaging, and packing shall
be in accordance with the Level A requirements of MIL-STD-
163.

16.3 When coils are ordered, it is customary to specify a
minimum or range of inside diameter, maximum outside
diameter, and a maximum coil weight, if required. The ability
of manufacturers to meet the maximum coil weights depends
upon individual mill equipment. When required, minimum coil
weights are subject to negotiation.

17. Keywords

17.1 alloy steel sheet; carbon steel sheet; cold rolled steel
sheet; general delivery requirements; high strength low alloy
steel; hot rolled steel sheet; steel sheet

ANNEX

(Mandatory Information)

A1. PERMISSIBLE VARIATIONS IN DIMENSIONS AND MASS IN SI UNITS

A1.1 Listed in Tables A1.1-A1.20 are permissible varia-
tions in dimensions and mass expressed in the International

System of Units (SI) terminology.

TABLE A1.1 Standard Thickness Tolerances [Metric] for Hot-Rolled Sheet (Carbon Steel)—10-mm (Cut Edge) and 20-mm (Mill Edge)
Minimum Edge Distance (Coils and Cut Lengths, Including Pickled)

NOTE 1—Thickness is measured at any point across the width not less than 10 mm from a cut edge and not less than 20 mm from a mill edge. This
table does not apply to the uncropped ends of mill edge coils.

NOTE 2—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over
and under.

NOTE 3—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80
mm]. The tip of the spindle shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

Specified Width, mm

Thickness Tolerances, Over, mm, No Tolerance Under

Specified Minimum Thickness, mm

Through 2.0 Over 2.0 to 2.5, incl Over 2.5 to 4.5, excl 4.5 to 6.0, excl

Over 300 to 600, incl 0.30 0.30 0.35 0.40
Over 600 to 1200, incl 0.30 0.35 0.40 0.45
Over 1200 to 1500, incl 0.35 0.35 0.40 A

Over 1500 to 1800, incl 0.35 0.40 0.40 A

Over 1800 0.35 0.40 0.40 A

A Product not available in this size range.
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TABLE A1.2 Restricted Thickness Tolerances [Metric] for Hot-
Rolled Sheet (Carbon Steel)—15-mm (Cut Edge) and 25-mm (Mill
Edge) Minimum Edge Distance (Coils and Cut Lengths, Including

Pickled)

NOTE 1—Thickness is measured at any point across the width not less
than 15 mm from a cut edge and not less than 25 mm from a mill edge.
This table does not apply to the uncropped ends of mill edge coils.

NOTE 2—The specified thickness range captions also apply when sheet
is specified to a nominal thickness, and the tolerances are divided equally,
over and under.

NOTE 3—Micrometers used for measurement of thickness shall be
constructed with anvils and spindles having minimum diameters of 0.188
in. [4.80 mm]. The tip of the spindle shall be flat, and the tip of the anvil
shall be flat or rounded with a minimum radius of curvature of 0.10 in.
[2.55 mm]. Micrometers with pointed tips are not suitable for thickness
measurements.

NOTE 4—This table was constructed by multiplying the values in the
standard table by 0.75 and rounding to 2 decimal places using standard
ASTM practice.

Specified Width, mm

Thickness Tolerances Over, mm, No Tolerance Under

Specified Minimum Thickness, mm

Through 2.0 Over 2.0 to
2.5, incl

Over 2.5 to
4.5, excl

4.5 to 6.0,
excl

Over 300 to 600 0.22 0.22 0.26 0.30
Over 600 to 1200, incl 0.22 0.26 0.30 0.34
Over 1200 to 1500,
incl

0.26 0.26 0.30 A

Over 1500 to 1800,
incl

0.26 0.30 0.30 A

Over 1800 0.26 0.30 0.30 A

A Product not available in this size range.

TABLE A1.3 Standard Thickness Tolerances [Metric] for Hot-
Rolled Sheet (High-Strength, Low-Alloy Steel)—10-mm (Cut

Edge) and 20-mm (Mill Edge) Minimum Edge Distance (Coils and
Cut Lengths, Including Pickled)

NOTE 1—Thickness is measured at any point across the width not less
than 10 mm from a cut edge and not less than 20 mm from a mill edge.
This table does not apply to the uncropped ends of mill edge coils.

NOTE 2—The specified thickness range captions also apply when sheet
is specified to a nominal thickness, and the tolerances are divided equally,
over and under.

NOTE 3—Micrometers used for measurement of thickness shall be
constructed with anvils and spindles having minimum diameters of 0.188
in. [4.80 mm]. The tip of the spindle shall be flat, and the tip of the anvil
shall be flat or rounded with a minimum radius of curvature of 0.10 in.
[2.55 mm]. Micrometers with pointed tips are not suitable for thickness
measurements.

Specified Width, mm

Thickness Tolerances Over, mm, No Tolerance Under

Specified Minimum Thickness, mm

Through 2.0 Over 2.0 to
2.5, incl

Over 2.5 to
4.5, excl

4.5 to 6.0,
excl

Over 300 to 600, incl 0.30 0.35 0.40 0.40
Over 600 to 1200, incl 0.35 0.40 0.45 0.50
Over 1200 to 1500,
incl

0.35 0.40 0.50 A

Over 1500 to 1800,
incl

0.40 0.45 0.55 A

Over 1800 to 2000,
incl

0.40 0.45 0.60 A

Over 2000 . . .B 0.50 0.60 A

A Product not available in this size range.
B Where an ellipsis (. . .) appears in the table, the requirements have not been

defined.
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TABLE A1.4 Restricted Thickness Tolerances of Hot-Rolled
Sheet (High-Strength, Low-Alloy Steel)—15-mm (Cut Edge) and

25-mm (Mill Edge) Minimum Edge Distance (Coils and Cut
Lengths, Including Pickled)

NOTE 1—Thickness is measured at any point across the width not less
than 15 mm from a cut edge and not less than 25 mm from a mill edge.
This table does not apply to the uncropped ends of mill edge coils.

NOTE 2—The specified thickness range captions also apply when sheet
is specified to a nominal thickness, and the tolerances are divided equally,
over and under.

NOTE 3—Micrometers used for measurement of thickness shall be
constructed with anvils and spindles having minimum diameters of 0.188
in. [4.80 mm]. The tip of the spindle shall be flat, and the tip of the anvil
shall be flat or rounded with a minimum radius of curvature of 0.10 in.
[2.55 mm]. Micrometers with pointed tips are not suitable for thickness
measurements.

NOTE 4—This table was constructed by multiplying the values in the
standard table by 0.75 and rounding to 2 decimal places using standard
ASTM practice.

Specified Width, mm

Thickness Tolerances Over, mm, No Tolerance Under

Specified Minimum Thickness, mm

Through
2.0

Over 2.0 to
2.5, incl

Over 2.5 to
4.5, excl

4.5 to
6.0, excl

Over 300 to 600, incl 0.22 0.26 0.30 0.30
Over 600 to 1200, incl 0.26 0.30 0.34 0.38
Over 1200 to 1500, incl 0.26 0.30 0.38 A

Over 1500 to 1800, incl 0.30 0.34 0.41 A

Over 1800 to 2000, incl 0.30 0.34 0.45 A

Over 2000 . . .B 0.38 0.45 A

A Product not available in this size range.
B Where an ellipsis (. . .) appears in the table, the requirements have not been

defined.

TABLE A1.5 Width Tolerances A of Hot-Rolled Mill Edge Sheet
(Carbon and High-Strength Low-Alloy Steel)

(Coils and Cut Lengths, Including Pickled)

Specified Width, mm Width Tolerance, Over Only, mm

Over Through Carbon HSLA

300 600 16 16
600 1200 26 28

1200 1500 32 38
1500 1800 35 45
1800 . . . 48 50

A The above tolerances do not apply to the uncropped ends of mill edge coils
(9.1.1.1).

TABLE A1.6 Width Tolerances of Hot-Rolled Cut Edge Sheet and
Cold-Rolled Sheet (Carbon and High-Strength Low-Alloy Steel)

(Not Resquared Coils and Cut Lengths, Including Pickled)

Specified Width, mm Width Tolerance, Over Only, mm

Over Through

300 600 3
600 1200 5

1200 1500 6
1500 1800 8
1800 . . . 10

TABLE A1.7 Length Tolerances of Hot-Rolled Sheet (Carbon and
High-Strength Low-Alloy Steel)

(Cut Lengths Not Resquared, Including Pickled)

Specified Length, mm Length Tolerance, Over
Only, mm

Over Through

300 600 6
600 900 8
900 1500 12

1500 3000 20
3000 4000 25
4000 5000 35
5000 6000 40
6000 . . . 45

TABLE A1.8 Diameter Tolerances of Circles from Hot-Rolled
(Including Pickled) and Cold-Rolled Sheet (Over 300 mm Width)

(Carbon and High-Strength Low-Alloy Steel)

Specified ThicknessA, mm Tolerances Over Specified Diameter, mm (No
Tolerances Under)

Over Through Diameters, mm

Through 600 Over 600 to
1200, incl

Over 1200

. . . 1.5 1.5 3.0 5.0
1.5 2.5 2.5 4.0 5.5
2.5 . . . 3.0 5.0 6.5

A 1.8 mm minimum thickness for hot-rolled high-strength low-alloy steel sheet.

TABLE A1.9 Camber Tolerances A for Hot-Rolled (Including
Pickled) and Cold-Rolled Sheet (Over 300 mm Width) (Carbon

and High-Strength Low-Alloy Steel)
(Cut Lengths, Not Resquared)

NOTE 1— Camber is the greatest deviation of a side edge from a
straight line, the measurement being taken on the concave side with a
straightedge.

Cut Length, mm Camber TolerancesA, mm

Over Through

. . . 1200 4
1200 1800 5
1800 2400 6
2400 3000 8
3000 3700 10
3700 4300 13
4300 4900 16
4900 5500 19
5500 6000 22
6000 9000 32
9000 12 200 38

A The camber tolerance for coils is 25.0 mm in any 6000 mm.

A 568/A 568M – 03

14



TABLE A1.10 Out-of-Square Tolerances of Hot-Rolled Cut-Edge
(Including Pickled) and Cold-Rolled Sheet (Over 300 mm Width)

(Carbon and High-Strength Low-Alloy Steel)
(Cut Lengths Not Resquared)

Out-of-square is the greatest deviation of an end edge from a straight line at
right angle to a side and touching one corner. It is also obtained by measuring
the difference between the diagonals of the cut length. The out-of-square
deviation is one half of that difference. The tolerance for all thicknesses and all
sizes is 1.0 mm/100 mm of width or fraction thereof.

TABLE A1.11 Restricted Squareness Tolerances of Hot-Rolled
(Including Pickled) and Cold-Rolled Sheet (Over 300 mm Width)

(Carbon and High-Strength Low-Alloy Steel)
(Cut Lengths)

When cut lengths are specified resquared, the width and the length are not less
than the dimensions specified. The individual tolerance for over-width, over-
length, camber, or out-of-square should not exceed 1.6 mm up to and including
1200 mm in width and up to and including 3000 mm in length. For cut lengths
wider or longer, the applicable tolerance is 3.2 mm.

TABLE A1.12 Flatness Tolerances A of Temper Rolled or Pickled Hot-Rolled Sheet Cut Lengths B (Carbon and High-Strength Low-Alloy
Steel)

Specified Thickness, mm

Specified Width, mm

Flatness ToleranceC, mm Specified Yield
Strength, min, MPaD

Over Through Under 310 310 to 345
MPa Yield
Point, min,

MPa

1.2 1.5 to 900, incl 15 20
over 900 to 1500, incl 20 30

over 1500 25 . . .
1.5 4.5 to 1500, incl 15 20

over 1500 to 1800, incl 20 30
over 1800 25 40

4.5 6.0 excl to 1200, incl 15 20
A The above table also applies to lengths cut from coils by the consumer when adequate flattening operations are performed.
B Application of this table to product in coil form is not appropriate unless the coil has been rolled out and adequately flattened with all coil set removed.
C Maximum deviation from a horizontal surface.
D Tolerances for high-strength, low-alloy steels with specified minimum yield strength in excess of 345 MPa are subject to negotiation.
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TABLE A1.13 Flatness Tolerances A of Non-Processed Hot-Rolled Sheet Cut Lengths B (Carbon and High-Strength Low-Alloy Steel)

Specified Thickness, mm

Specified Width, mm

Flatness ToleranceC, mm Specified Yield
Strength, min, MPaD

Over Through Under 310 310 to 345
MPa Yield
Point, min,

MPa

1.2 1.5 to 900, incl 45 60
over 900 to 1500, incl 60 90

over 1500 75 . . .
1.5 4.5 to 1500, incl 45 60

over 1500 to 1800, incl 60 90
over 1800 75 120

4.5 6.0 excl to 1200, incl 45 60
A The above table also applies to lengths cut from coils by the consumer when adequate flattening operations are performed.
B Application of this table to product in coil form is not appropriate unless the coil has been rolled out and adequately flattened with all coil set removed.
C Maximum deviation from a horizontal surface.
D Tolerances for high-strength, low-alloy steels with specified minimum yield strength in excess of 345 MPa are subject to negotiation.

TABLE A1.14 Standard Thickness Tolerances [Metric] for Cold-Rolled Sheet (Carbon and High-Strength, Low-Alloy Steel) A—10-mm
Minimum Edge Distance

NOTE 1—Thickness is measured at any point across the width not less than 10 mm from a side edge.
NOTE 2—Widths up to and including 300 mm in this table apply to widths produced by slitting from wider sheet.
NOTE 3—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over

and under.
NOTE 4—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80

mm]. The tip of the spindle shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

Specified Width, mm Thickness Tolerances Over, mm, No Tolerance Under
Specified Minimum Thickness, mm

Over Through Through 0.4 Over 0.4 to 1.0, incl Over 1.0 to 1.2, incl Over 1.2 to 2.5, incl Over 2.5 to 4.0, incl
50 1800 0.10 0.15 0.20 0.25 0.30B

1800 2000 . . .C 0.15 0.20 0.30 0.35
2000 . . .C . . .C 0.30 0.30 0.35 0.40

A0.55-mm minimum thickness for high-strength low-alloy.
BNot applicable to widths under 300 mm.
CWhere an ellipsis (. . .) appears in the table, the requirements have not been defined.

TABLE A1.15 Restricted Thickness Tolerances of Cold-Rolled Sheet (Carbon and High-Strength, Low-Alloy Steel) A—25-mm Minimum
Edge Distance

NOTE 1—Thickness is measured at any point across the width not less than 25 mm from a side edge.
NOTE 2—Widths up to and including 300 mm in this table apply to widths produced by slitting from wider sheet.
NOTE 3—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over

and under.
NOTE 4—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80

mm]. The tip of the spindle shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

NOTE 5—This table was constructed by multiplying the values in the standard table by 0.50 and rounding to 2 decimal places using standard ASTM
practice.

Specified Width, mm Thickness Tolerances Over, mm, No Tolerance Under
Specified Minimum Thickness, mm

Over Through Through 0.4 Over 0.4 to 1.0, incl Over 1.0 to 1.2, incl Over 1.2 to 2.5, incl Over 2.5 to 4.0, incl
50 1800 0.05 0.08 0.10 0.12 0.15B

1800 2000 . . .C 0.08 0.10 0.15 0.18
2000 . . .C . . .C 0.15 0.15 0.15 0.20

A 0.55 mm minimum thickness for high-strength low-alloy.
B Not applicable to widths under 300 mm.
C Where an ellipsis (. . .) appears in the table, the requirements have not been defined.
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TABLE A1.16 Length Tolerances of Cold-Rolled Sheet (Carbon
and High-Strength Low-Alloy Steel)

(Cut Lengths Over 300 mm in Width, Not Resquared)

Specified Length, mm Tolerance Over Specified
Length (No Tolerance

Under), mmOver Through

300 1500 6
1500 3000 20
3000 6000 35
6000 . . . 45

TABLE A1.17 Length Tolerances of Cold-Rolled Sheet (Carbon
and High-Strength Low-Alloy Steel)

(Cut Length Sheets, to 300 mm in Width and 0.35 to 2.0 mm in
Thickness, Not Resquared)

NOTE 1—This table applies to widths produced by slitting from wider
sheet.

Specified Length, mm Tolerances Over Specified
Length (No Tolerance Un-

der), mmOver Through

600 1500 15
1500 3000 20
3000 6000 25

TABLE A1.18 Width Tolerances for Cold-Rolled Sheet (Carbon
and High-Strength Low-Alloy Steel) A

(Coils and Cut Lengths to 300 mm in Width, Not Resquared, and 0.35
to 2.0 mm in Thickness)

NOTE 1—This table applies to widths produced by slitting from wider
sheet.

Specified Width, mm Width Tolerance, Over
and Under, mm

Over Through

50 100 0.3
100 200 0.4
200 300 0.8

A 0.50 mm thickness for high-strength low-alloy.

TABLE A1.19 Camber Tolerances of Cold-Rolled Sheet in Coils
(Carbon and High-Strength Low-Alloy Steel 0.35 A to 2.0 mm in

Thickness)

NOTE 1—Camber is the greatest deviation of a side edge from a straight
line, the measurements being taken on the concave side with a straight-
edge.

NOTE 2—This table applies to widths produced by slitting from wider
sheet.

Width, mm Camber Tolerances

Through 300, incl 5.0 mm in any 2000 mm
A 0.50 mm minimum thickness for high-strength low-alloy.
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APPENDIXES

(Nonmandatory Information)

X1. AGING EFFECTS ON FORMABILITY OF COLD-ROLLED CARBON-STEEL SHEET PRODUCTS

X1.1 Cold-rolled carbon-steel sheet products exhibit maxi-
mum formability in the annealed last, or dead-soft, condition.
However, many sheet products are not suitable for exposed
applications in the dead-soft condition because Luder’s lines
(sometimes referred to as“ stretcher strains” or “fluting”) may
develop during subsequent forming. This problem is avoided in
most cases by temper rolling the sheet after annealing. After
temper rolling, however, some sheet products are susceptible to
aging. Aging refers to a gradual increase in yield strength and
corresponding decrease in ductility during storage after temper
rolling. Aging always has a negative effect on formability and,
when aging leads to the redevelopment of an upper yield point,
can result in renewed susceptibility to fluting.

X1.2 Aging can occur when interstitial solute atoms,
carbon or nitrogen, are present in the steel. Solute carbon or
nitrogen atoms are those not chemically combined with other
elements in the steel (as carbides or nitrides, for example).
Over time, these carbon or nitrogen interstitial solute atoms
diffuse to crystalline imperfections within the steel and, in so
doing, give rise to aging. The extent to which aging occurs
depends on the interstitial solute level and the combination of
temperature and time to which the steel is exposed after temper
rolling. In general, higher interstitial solute levels result in
larger strength increases during storage; the rate of aging
increases with increasing temperature. As described as follows,
the final interstitial solute level and aging characteristics
depend on the chemical composition of the steel as well as
specific sheet-processing methods used by the steel producer.

X1.3 Low-Carbon Steels—In conventional aluminum-killed
low-carbon steels, the level of interstitial solute is affected
mainly through the formation of aluminum nitride and iron
carbides within the steel during processing, which is influenced
by the manner in which annealing is performed.

X1.3.1 Many sheet products are annealed in batches of
large, tightly wound coils. During heating, any solute nitrogen
present in the full-hard sheet combines with aluminum to form
aluminum nitride. Subsequent cooling is very slow and allows
essentially all of the carbon to precipitate as iron carbide. Final
interstitial solute levels are very low and, as a result, batch-
annealed low-carbon steels have excellent resistance to aging.

X1.3.1.1 Deep drawing steel (DDS) sheet typically is batch-
annealed and has excellent aging resistance. With temper
rolling, DDS sheet is suitable for use in many exposed
applications with severe forming requirements.

X1.3.2 Cold-rolled low-carbon steels are sometimes pro-
cessed in a continuous annealing line, in which the full-hard
sheet is uncoiled, passed through an annealing furnace, and
then rewound in a continuous manner. Heating and cooling
rates are much higher than those found in batch annealing. The
faster cooling, in particular, results in higher levels of intersti-
tial solute in the product as compared with batch annealing.
The manner in which the sheet is cooled can be controlled to
minimize the solute carbon level, and temper rolling is effec-
tive for reducing fluting tendencies. However, continuous-
annealed low-carbon steels are more prone to subsequent aging
than batch-annealed steels.

TABLE A1.20 Flatness Tolerances of Cold-Rolled Sheet (Carbon
and High-Strength Low-Alloy Steel) A

(Cut Lengths Over 300 mm in Width)

NOTE 1—This table does not apply when product is ordered full hard,
to a hardness range or “annealed last” (dead soft).

NOTE 2—This table also applies to lengths cut from coils by the
consumer when adequate flattening measures are performed.

NOTE 3—Application of this table to product in coil form is not
appropriate unless the coil has been rolled out and adequately flattened
with all coil set removed.

Specified
Thickness,

mm

Specified Width, mm
Flatness Tolerance, mm Speci-
fied Yield Point, min, MPa

Over Through Under
310 MPa

310 to 345
MPaB

Through 1.0 . . . 900 10 20
900 1500 15 30

1500 20 40
Over 1.0 . . . 900 8 20

900 1500 10 20
1500 1800 15 30
1800 . . . 20 40

A Maximum deviation from a horizontal flat surface.
B Tolerances for high-strength, low-alloy steel with specified minimum yield point

in excess of 345 MPa are subject to negotiation.
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X1.3.2.1 Low-carbon commercial steel (CS) and drawing
steel (DS) sheet are available as either batch- or continuous-
annealed products, depending on the facilities of a given
producer. To minimize aging effects in continuous-annealed
products, rotation of stock by fabricating the oldest material
first is recommended.

X1.4 Interstitial-Free Steels—Interstitial-free steels have
essentially no interstitial solutes and, as a result, are nonaging.
Processing involves vacuum degassing during refining of the
liquid steel, as well as additions of elements that form very
stable carbides and nitrides, such as titanium or columbium
(niobium). These steps ensure that total interstitial levels are
very low, and that the interstitials are all chemically combined
(or stabilized) in the form of alloy carbides or nitrides.
Interstitial-free steels are nonaging regardless of whether
annealing is conducted in a continuous or batch manner.

X1.4.1 Extra-deep drawing steel (EDDS) must be vacuum
degassed and stabilized. This nonaging, interstitial-free product
is suitable for exposed applications with the most severe
forming requirements.

X1.5 Bake-Hardenable Steels—Bake-hardenable steels are
a special product class with controlled interstitial solute levels
and aging behavior. These steels are processed to have mod-
erate aging resistance, to permit forming while the steel is in its
most ductile condition. Aging occurs largely during a subse-
quent thermal treatment (for example, paint-curing), which
results in desirable hardening of the final part for better
durability.

X1.5.1 Continuous-annealed low-carbon steels can exhibit
significant bake-hardening, as well as certain vacuum-degassed
and batch-annealed steels.

X2. STANDARD CHEMICAL RANGES AND LIMITS

X2.1 Standard chemical ranges and limits are prescribed
for carbon steels in Table X2.1 and Table X2.2.
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TABLE X2.1 Standard Steels—Carbon Sheet Steel Compositions

Steel Designation
No.

Chemical Composition Limits, %

C Mn P max S max

1001 0.01 max 0.35 max 0.030 0.035
1002 0.02 max 0.35 max 0.030 0.035
1003 0.04 max 0.35 max 0.030 0.035
1004 0.02/0.06 0.35 max 0.030 0.035
1005 0.06 max 0.35 max 0.030 0.035

1006A 0.02/0.08 0.45 max 0.030 0.035
1006 0.08 max 0.45 max 0.030 0.035
1007 0.02/0.10 0.50 max 0.030 0.035
1008 0.10 max 0.50 max 0.030 0.035
1009 0.15 max 0.60 max 0.030 0.035
1010 0.08–0.13 0.30–0.60 0.030 0.035
1012 0.10–0.15 0.30–0.60 0.030 0.035
1015 0.12–0.18 0.30–0.60 0.030 0.035
1016 0.12–0.18 0.60–0.90 0.030 0.035
1017 0.14–0.20 0.30–0.60 0.030 0.035
1018 0.14–0.20 0.60–0.90 0.030 0.035
1019 0.14–0.20 0.70–1.00 0.030 0.035
1020 0.17–0.23 0.30–0.60 0.030 0.035
1021 0.17–0.23 0.60–0.90 0.030 0.035
1022 0.17–0.23 0.70–1.00 0.030 0.035
1023 0.19–0.25 0.30–0.60 0.030 0.035
1025 0.22–0.28 0.30–0.60 0.030 0.035
1026 0.22–0.28 0.60–0.90 0.030 0.035
1030 0.27–0.34 0.60–0.90 0.030 0.035
1033 0.29–0.36 0.70–1.00 0.030 0.035
1035 0.31–0.38 0.60–0.90 0.030 0.035
1037 0.31–0.38 0.70–1.00 0.030 0.035
1038 0.34–0.42 0.60–0.90 0.030 0.035
1039 0.36–0.44 0.70–1.00 0.030 0.035
1040 0.36–0.44 0.60–0.90 0.030 0.035
1042 0.39–0.47 0.60–0.90 0.030 0.035
1043 0.39–0.47 0.70–1.00 0.030 0.035
1045 0.42–0.50 0.60–0.90 0.030 0.035
1046 0.42–0.50 0.70–1.00 0.030 0.035
1049 0.45–0.53 0.60–0.90 0.030 0.035
1050 0.47–0.55 0.60–0.90 0.030 0.035
1055 0.52–0.60 0.60–0.90 0.030 0.035
1060 0.55–0.66 0.60–0.90 0.030 0.035
1064 0.59–0.70 0.50–0.80 0.030 0.035
1065 0.59–0.70 0.60–0.90 0.030 0.035
1070 0.65–0.76 0.60–0.90 0.030 0.035
1074 0.69–0.80 0.50–0.80 0.030 0.035
1078 0.72–0.86 0.30–0.60 0.030 0.035
1080 0.74–0.88 0.60–0.90 0.030 0.035
1084 0.80–0.94 0.60–0.90 0.030 0.035
1085 0.80–0.94 0.70–1.00 0.030 0.035
1086 0.80–0.94 0.30–0.50 0.030 0.035
1090 0.84–0.98 0.69–0.90 0.030 0.035
1095 0.90–1.04 0.30–0.50 0.030 0.035
1524 0.18–0.25 1.30–1.65 0.030 0.035
1527 0.22–0.29 1.20–1.55 0.030 0.035
1536 0.30–0.38 1.20–1.55 0.030 0.035
1541 0.36–0.45 1.30–1.65 0.030 0.035
1548
1552

0.43–0.52
0.46–0.55

1.05–1.40
1.20–1.55

0.030
0.030

0.035
0.035

Note—When silicon is required, the following ranges and limits are commonly used.

To 1015, excl 0.10 max
1015 to 1025, incl 0.10 max, 0.10–0.25, or 0.15–0.30
Over 1025 0.10–0.25 or 0.15–0.30
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TABLE X2.2 Standard Chemical Ranges and Limits

NOTE 1—The carbon ranges shown in the column headed “Range” apply when the specified maximum limit for manganese does not exceed 1.00 %.
When the maximum manganese limit exceeds 1.00 %, add 0.01 to the carbon ranges shown below.

Element

Carbon Steels Only, Cast or Heat Analysis

Maximum Specified
Element, %

Range Lowest
max

Carbon (see to 0.15 incl 0.05 0.08
Note) over 0.15 to 0.30 incl 0.06

over 0.30 to 0.40 incl 0.07
over 0.40 to 0.60 incl 0.08
over 0.60 to 0.80 incl 0.11
over 0.80 to 1.35 incl 0.14

Manganese to 0.50 incl
over 0.50 to 1.15 incl
over 1.15 to 1.65 incl

0.20
0.30
0.35

0.40

Phosphorus to 0.08 incl
over 0.08 to 0.015 incl

0.03
0.05

0.030A

Sulfur to 0.08 incl
over 0.08 to 0.15 incl
over 0.15 to 0.23 incl
over 0.23 to 0.33 incl

0.03
0.05
0.07
0.10

0.035A

Silicon to 0.15 incl
over 0.15 to 0.30 incl
over 0.30 to 0.60 incl

0.08
0.15
0.30

0.10

Copper When copper is required 0.20
min is commonly specified.

A Certain individual specifications provide for lower standard limits for phosphorus and sulfur.
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X3. PROCEDURE FOR DETERMINING BREAKAGE ALLOWANCE LEVELS (APPLICABLE TO CARBON STEEL SHEET
ONLY)

X3.1 In spite of the many extra precautions exercised in
making sheet for drawing purposes, certain manufacturing
variables may be encountered, all beyond the manufacturer’s
reasonable control, which may contribute to breakage in
fabrication and must be considered as part of the normal hazard
of the purchaser’s use. The manufacturer will undertake to
establish with the purchaser’s concurrence a breakage allow-
ance level.

X3.2 Breakage, for the purpose of this proposal, is defined
as unrepairable parts, broken during drawing and classed as
scrap. Parts showing laminations, resulting from pipe, may be
excluded provided they are separately identified. Broken parts
that can be salvaged are not covered in this procedure.

X3.3 This procedure is intended to establish a breakage
allowance without the need for reinspection of each broken
stamping. It will apply to overall breakage on a given part (as
calculated by the method outlined below) in excess of 1 % up
to and including 8 %. Inherent variations in steel and normal
variables in the stamping operation preclude 100 % satisfac-
tory performance. Therefore, it is accepted that practical
perfection is attained when 99 % of the stampings are produced
without breakage. When the overall breakage is in excess of
8 %, it is considered to be the result of abnormal stamping
conditions, and this method does not apply.

X3.4 When there are two or more suppliers, the recom-
mended procedure for determining a breakage allowance for an
identified part is based on the average percentage of breakage
of at least 75 % of the blanks run on that part, on one set of
dies, during at least one month (3000 piece minimum). The
total production of all suppliers used to obtain this 75 %
minimum is to be included in the calculation starting with the
best performance. The average breakage thus determined shall
be considered the allowance for the part.

X3.4.1 Example:

Vendor Parts Produced Parts Scrap % Scrap
A 32 466 630 1.94
B 27 856 579 2.08
C 67 120 1477 2.20
D 56 200 1349 2.40
E 40 900 1125 2.75
F 850 60 7.05
11 225 392 total 5220 total 2.32 avg

X3.4.2 Seventy-five percent of 225 392 equals to 169 044;
therefore, it is necessary to include the total production of
vendors A, B, C, and D (A+ B + C + D = total production of
183 642 parts) since the total of A, B, and C is only 127 442,
which is less than 75 % of the total. Total production of 183
642 parts (A+ B + C + D) with 4035 parts being rejected,
results in a percentage allowance of 2.20 %. On this basis,
vendors D, E, and F exceed the allowance.

X4. PROCEDURES FOR DETERMINING THE EXTENT OF PLASTIC DEFORMATION ENCOUNTERED IN FORMING OR
DRAWING

X4.1 Introduction

X4.1.1 The preferred method for determining plastic strain
is the circle grid and forming limit curve. The scribed square
and change in thickness methods may also be used to evaluate
deformation during the forming of a flat sheet into the desired
shape.

X4.2 Circle Grid Method

X4.2.1 The test system employs photographic or electro-
chemically etched circle patterns on the surface of a sheet
metal blank of known “quality” and a forming limit curve for
the evaluation of strains developed by forming in press
operations. It is useful in the laboratory and in the press room.
Selection from the various steels that are commercially avail-
able can be done effectively by employing this technique. In
addition, corrective action in die or part design to improve
performance is indicated.

X4.2.2 The forming limit curve in Fig. X4.1 has been
developed from actual measurements of the major (e1) and
associated minor (e 2) strains found in critical areas of produc-
tion type stampings. Strain combinations that locate below this
curve are safe, while those that fail above the curve are critical.
For analysis of metal strain on production stampings, one must

recognize that day-to-day variations of material, lubrication,
and die settings will affect the strain level. To ensure trouble-
free press performance a zone below the forming limit curve
bounded by the dashed and solid lines is designated as the
“safety band.” Therefore, strain combinations falling below the
dashed lines should not exceed the forming limit curve in
normal production operations. The left of zero portion of the
curve defines the limiting biaxial tension-compression strain
combination while the right side defines the forming limit
curve. Because the production stampings used to develop for
forming limit curve represented all qualities of low-carbon
light-gage sheet steel, this single forming limit curve can be
used successfully for these products.

X4.2.3 The circle grid method can also be used for other
low-carbon sheet categories if the following adjustments to the
forming limit curve are made:

X4.2.3.1 Material Thickness—As the metal thickness in-
creases the forming limit curve shifts upwards in a parallel
manner, 0.2 % (e1) strain for each 0.025-mm increase in metal
thickness above 0.75 mm.

X4.2.3.2 Material Properties—When material properties
are considerably different from that of conventional low-
carbon sheet steel (for example, higher strength-low ductility),
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the forming limit curve is lower. The magnitude of the
downgrade displacement is specific to each material; therefore,
current material information should be consulted to determine
placement of the forming limit curve.

X4.3 Procedure

X4.3.1 Obtain a sheet sample of “known quality,” the sheet
quality being established by either supplier designation, con-
sumer purchase order, or most preferred tensile data obtained
from a companion sheet sample.

X4.3.2 Obtain or prepare a negative on stencil with selected
circles in a uniform pattern. The circles may be 2.5 to 25.0 mm
in diameter; the most convenient diameter is 5.0 mm because
it is easy to read and the gage spacing is short enough to show
the maximum strain in a specific location on the part.

X4.3.3 The sheet metal blanks should be cleaned to remove
excess oil and dirt; however, some precoated sheets can be
etched without removing the coating. The area(s) to be etched
should be determined from observation of panels previously
formed; generally, the area that has a split problem is selected
for etching. Normally, the convex side of the radius is gridded.
If sufficient time is available, the entire blank may be etched,
since valuable information can be obtained about the move-
ment of metal in stamping a part when strains can be evaluated
in what may appear to be noncritical areas. Additionally, for
complex shapes it may be desirable to etch both surfaces of
blanks so that the strains that occur in reverse draws can be
determined.

X4.3.4 The sheet metal blanks may be etched by a photo-
graphic or electrochemical method. In the former method of
photosensitive solution, for example, 50 % Kodak Photo Resist
(KPR) emulsion and 50 % KPR-thinner, is sprayed onto the
sheet. The emulsion is dried by baking the sheet at 65°C for 15
min or by just standing it for several hours at room temperature
in a dark room. The latter should be employed in materials that
age and, hence, become stronger when baked at 65°C. The
negative is placed on the emulsion, held intimately in contact
with the sheet, and exposed to a strong ultraviolet light source
for 1 to 11⁄2 min. The sheet is developed for 30 to 45 s in KPR
developer, rinsed with water, and sprayed with alcohol to set
the resist. It is again rinsed with water and then sprayed with
KPR black dye to reveal the etched circles.

X4.3.5 In the electrochemical method, the etch pad is
saturated with an appropriate electrolyte. Various electrolytes
are available from suppliers of the etching equipment. Some
electrolytes are more effective than others for etching certain
surfaces, such as terne plate and other metallic coated steels. A
rust-inhibiting solution is preferred for steel sheets.

X4.3.6 A ground clamp for the transformer of suitable
amperage (10 to 50 A is usually used) is fastened to the blank
and the second lead is attached to the etch pad. Although the
current may be turned on at this time, caution should be taken
not to lay the pad on the sheet blank as it will arc. It is
advisable to refrain from touching the metal of the etch pad and
the grounded sheet blank.

FIG. X4.1 Forming Limit Curve
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X4.3.7 The stencil is placed with the plastic coating against
the sheet surface in the area to be etched. Wetting the stencil
with a minimum amount of electrolyte will assist in smoothing
out the wrinkles and gives a more uniform etch. The etch pad
is now positioned on the stencil and the current turned on, if it
is not already on. Apply suitable pressure to the pad. Only the
minimum time necessary to produce a clear etched pattern
should be used. The etching time will vary with the amperage
available from the power source and the stencil area, as well as
the pad area in contact with the stencil. Rocker-type etch pads
give good prints and require less amperage than flat-surfaced
pads. Excessive current causes stencil damage.

X4.3.8 The etching solution activates the surface of the
metal and may cause rusting unless it is inhibited. After the
desired area has been etched, the blank should be wiped or
rinsed, dried, and neutralized.

X4.3.9 The etched blank is now ready for forming. The
lubricants and press conditions should simulate production
situations. If a sequence of operations is used in forming a part,
it is desirable to etch sufficient blanks so that each operation
can be studied.

X4.4 Measurement of Strain After Forming

X4.4.1 After forming, the circles are generally distorted into
elliptical shapes (Fig. X4.2). These ellipses have major and
minor strain axes. The major strain (e1) is always defined to be
the direction in which the greatest positive strain has occurred
without regard to original blank edges or the sheet rolling
direction. The minor strain (e2) is defined to be 90° to the major
strain direction.

X4.4.2 There are several methods for determining the major
and minor strains of the formed panel. Typical tools are a pair
of dividers and a scale ruled in 0.5 mm. For sharp radii, a thin
plastic scale that can follow the contour of the stamping can be
used to determine the dimensions of the ellipses. (Scales are
available to read the percent strain directly.)

X4.5 Evaluation of Strain Measurements

X4.5.1 Thee1 strain is always positive while thee2 strain
may be zero, positive, or negative, as indicated on the forming
limit curve chart (Fig. X4.1). The maximume1 and associated
e2 values measured in critical areas on the formed part are
plotted on the graph paper containing the forming limit curve
by locating the point of intersections of thee1, e2 strains.

X4.5.2 If this point is on or below the “safety band” of the
forming limit curve, the strain should not cause breakage.
Points further below the curve indicate that a less ductile
material of a lower grade may be applied. Points above the
“safety band” show that fabrication has induced strains that
could result in breakage. Therefore, in evaluation on stampings
exhibiting these strains, efforts should be made to provide an
e1, e2 strain combination that would lie on or below the “safety
band” of the forming limit curve. A differente1, e2 strain
combination can be obtained through changes of one or more
of the forming variables such as die conditions, lubricants,
blank size, thickness, or material grade. It should be noted at
this time that these conclusions are derived from a reference
base being the steel “quality” used to fabricate the grid
stamping.

X4.5.3 When attempting to change the relationship ofe1

ande2 strains, it should be noted that on the forming limit curve
the most severe condition for a givene1 strain is at 0 %e2

strain. This means the metal works best when it is allowed to
deform in two dimensions,e1 and e2, rather than being
restricted in one dimension. A change ine2 to decrease the
severity can be made by changing one of the previously
mentioned forming variables of the die design, for example,
improving lubrication on the tension-tension side will increase
e2 and decrease the severity.

X4.5.4 In addition to the forming limit curve, thee1e2 strain
measurements may be used to evaluate the material require-
ments on the basis of strain gradients, as illustrated in Fig.
X4.3, or by plotting contours of equivalent strain levels on the
surface of the formed part. Even when the level of strain is
relatively low, parts in which thee1 strain is changing rapidly
either in magnitude or direction over a short span on the
surface may require more ductile grades of sheet metal, change
in lubrication, or change in part design.

X4.6 Example of Major and Minor Strain Distribution

X4.6.1 A formed panel (Fig. X4.4) with a cross section as
shown in Fig. X4.3 is used to illustrate major and minor strain

FIG. X4.2 Major and Minor Strain Axes
FIG. X4.3 Graph of Major Strains and Critical Major Strains and

Cross Section of Etched Panel
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combinations. A plot of the major strain distribution should be
made by finding the ellipse with the largest major strain (circle
7) and measuring both the major and minor strains in the row
of ellipses running in the direction of the major strain. The
solid dots (Fig. X4.3) are the measured major strains for each
ellipse. The Xs are the critical major strains as determined from
the forming limit curve at the corresponding minor strain
(intersection of the measured minor strain and the severity
curve).

X4.6.2 Usually a single row of ellipses will suffice to
determine the most severe strain distribution. The resulting
strain distribution plot (Fig. X4.3) illustrates both severity of
the strain compared to the critical strain limits and the
concentration of strain in the stamping. Steep strain gradients
should be avoided because they are inherent to fracture sites.

X4.7 Example for Reducing Splitting Tendency

X4.7.1 In an area such as that represented in Fig. X4.3, the
splitting tendency can be reduced as follows:

X4.7.1.1 If the radius of the part in the region of circle 1 is
increased, some strain can be induced to take place in this area
which will allow the major strain in circle 7 to be reduced
sufficiently to bring the strain combination below the critical
limit. This course of action requires no binding nor reshaping
of the punch, only grinding in the radius.

X4.7.1.2 The total average major strain required to make
this formation is only 17.5 %; yet in a 5.0-mm circle the strain

is as high as 40 %. The strain distribution curve puts forth
graphically the need to distribute the strain over the length of
the time by some means as described above.

X4.7.1.3 Change in lubrication can also improve the strain
distribution of a stamping. If the strain over the punch is
critical, the amount of stretch (strain) required to make the
shape can be reduced by allowing metal to flow in over the
punch by decreasing the friction through the use of a more
effective lubricant in the hold-down era.

X4.7.1.4 If the part is critical, a change in material may
help. That is, a material having a better uniform elongation will
distribute the strain more uniformly or a material having a
higher “r” value will make it possible to “draw” in more metal
from the hold-down area so that less stretch is necessary to
form the part.

X4.8 Scribed Square Method

X4.8.1 The basic technique is to draw a panel from a blank
that has been scribed both longitudinally and transversely with
a series of parallel lines spaced at 25.0-mm intervals. The lines
on the panel are measured after drawing and the stretch or draw
calculated as the percent increase in area of a 25.0-mm square.
This is a fairly simple procedure for panels having generous
radii and fairly even stretch or draw. Many major panels fall in
this category, and in these instances it is quite easy to pick out
the square area exhibiting the greatest increase.

X4.8.2 If the square or line to be measured is no longer a flat
surface, place a narrow strip of masking (or other suitable tape)
on the formed surface and mark the points which are to be
measured. Remove the tape, place on a plane surface, and
determine the distance between the points with a steel scale.

X4.8.3 There will be cases of minor increase in area with
major elongation in the one direction. In these instances, the
percent elongation should be recorded.

X4.9 Thickness Method

X4.9.1 There are instances when the maximum stretch is
continued to an area smaller than 645 mm2 or the shape of the
square has been distorted irregularly, making measurements
difficult and calculation inaccurate. When either of these
conditions exists, an electronic thickness gage may be used at
the area in question or this area may be sectioned and the
decrease in metal thickness measured with a ball-point mi-
crometer. The increase in unit area can be calculated by
dividing the original thickness by the final thickness.

X4.9.2 Example
Assuming the blank thickness to be 0.80 mm and the final

thickness to be 0.60 mm, the increase in unit area would be a
[(0.80 − 0.60)/0.80]3 100 = 25 % increase.

FIG. X4.4 Formed Panel and Cross Section
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X5. ALTERNATIVE METHODS FOR EXPRESSING FLATNESS

X5.1 Introduction and Definitions

X5.1.1 In addition to the conventional expression of flat-
ness, the “maximum deviation from a horizontal flat surface”,
at least two other flatness parameters have been developed and
are in use for characterizing sheet with longitudinal waves or
buckles. These aresteepness indexand flatness index(or“
I-unit”), that are illustrated using the example in Fig. X5.1.

X5.1.2 Steepness Index—Fig. X5.1(a) shows a representa-
tion of a sheet sample exhibiting edge waves of height,H, and
interval,L. The steepness index value for this sample is defined

as:
steepness index = H/L

Often, the steepness value is expressed as a percentage:
% steepness = S = (H/L) 3 100

X5.1.3 I-Units—Making a series of lengthwise cuts to the
sample in Fig. X5.1(a) relaxes elastic stresses present in the
sheet and results in narrow strips of differing lengths, as shown
in Fig. X5.1( b). Using the length of one of these strips as a
reference (Lref), the I-unit value (I) for an individual strip is

defined as:
I = ( DL/Lref) 3 105

where:
DL is the difference between the length of a given strip and

the reference strip.

X5.1.4 For the special case of waves/buckles that are
perfectly sinusoidal in character, the following relationship
applies:

I 5 FSp
2D S H

L DG2

3 105

or:

I 5 24.7S2

Table X5.1 provides I-unit values based on the sinusoidal
approximation for wave heights up to1⁄2-in. (increments of1⁄32

in.) and intervals between 10 and 40 in. (increments of 1 in.).
Mathematical relationships between the three representations
of flatness described here are given in Table X5.2; these
relationships can be used to convert between I-unit, % steep-
ness, and wave height values (see examples in Table X5.2).

X5.2 Flatness Evaluation Example and Determination
of I-Unit or % Steepness Value

X5.2.1 While the strip is on an inspection table, find the
locations on the strip that are not lying flat on the table. If no
flatness deviation can be found, that portion of the coil
(head/middle/tail) can be described as flat (that is, zero I-unit or
zero % steepness).

X5.2.2 If the coil is not totally flat, the height of the
deviation must be determined and recorded. If the coil has edge
waves, a step gauge (incremented in intervals of1⁄16 or 1⁄32 in.)
can be inserted under a wave to determine the height. If the coil
exhibits flatness deviation in the center of the strip, a light-
weight straight edge can be placed on the highest portion of the
buckle and on the highest portion of the next repeating buckle.
The height can then be determined by inserting a step gauge
between the straight edge and the strip.

X5.2.3 Along with the height, the wave period or wave
interval must also be determined. The wave interval can be
obtained by using a standard tape measure or straight edge to
measure the distance between the highest point of one flatness
deviation to the highest point of the next repeating flatness
deviation.

X5.2.4 After determining height and wave interval, either
the I-unit or % steepness value can be obtained. To determine
the I-unit flatness, locate the appropriate height and wave
interval in Table X5.1 and read the I-unit value at the
intersection of the two measurements. To determine % steep-
ness, divide the height by the wave interval and multiply the
result by 100.

FIG. X5.1 Representation of Sheet Sample With Edge Waves ( a)
and Strips of Differing Length That Result from Making

Longitudinal Cuts Along the Sample ( b)
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TABLE X5.1 I-Unit Conversion Chart

A 568/A 568M – 03

27



SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue
(A 568/A 568M – 02) that may impact the use of this standard.

(1) A revision was made to Section 3.1.5.
(2) The following Tables were revised: Tables 4, 5, 6, 7, 15,
and 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).

TABLE X5.2 Flatness Conversion Factors A

NOTE 1— “L” is the wave interval as defined in Fig. X5.1 (a).

I Unit Height % Steep-
ness

I Unit (I) 1

2L
p =I 1025 2

p =I 1021

Height (H)
(peak to
peak) SHp

2L D2
105 1

~100 H!
L

% Steep-
ness (S) 2.5 (p S)2

~LS!
100 1

A Examples—( 1) Assume % steepness is given as 1.5 and the corresponding
I-unit value is desired. From Table X5.2, I = 2.5(pS)2= 2.5[(3.14)(1.5)] 2 = 55.5.
(2) Assume an I-unit value of 25 is given and the corresponding % steepness is
desired. From Table X5.2, S = 2/p(I 3 10−1)1/2= 2/3.14 (25 3 10−1)1/2= 1.0.
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Designation: A 580/A 580M – 98

Standard Specification for
Stainless Steel Wire 1

This standard is issued under the fixed designation A 580/A 580M; 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 stainless steel wire, except the
free-machining types. It includes round, square, octagon,
hexagon, and shape wire in coils only for the more commonly
used types of stainless steels for general corrosion resistance
and high-temperature service. For bars in straightened and cut
lengths, see Specifications A 276 or A 479/A 479M.

NOTE 1—For free-machining stainless wire, designed especially for
optimum machinability, see Specification A 581/A 581M.

1.2 The values stated in either inch-pound units or SI
(metric) units are to be regarded separately as standards; within
the text and tables, the SI units are shown in [brackets]. The
values stated in each system are not exact equivalents; there-
fore, each system must be used independently of the other.
Combining values from the two systems may result in noncon-
formance with the specification.

1.3 Unless the order specifies the applicable “M” specifica-
tion designation, the material shall be furnished to the inch-
pound units.

2. Referenced Documents

2.1 ASTM Standards:
A 276 Specification for Stainless and Heat-Resisting Steel

Bars and Shapes2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products3

A 479/A 479M Specification for Stainless and Heat-
Resisting Steel Bars, and Shapes for Use in Boilers and
Other Pressure Vessels2

A 555/A 555M Specification for General Requirements for
Stainless Steel Wire and Wire Rods3

A 581/A 581M Specification for Free-Machining Stainless
Steel Wire and Wire Rods3

E 527 Practice for Numbering Metals and Alloys (UNS)4

2.2 Society of Automotive Engineers Standard:
J 1086 Numbering Metals and Alloys5

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight),
3.1.2 Name of material (stainless steel),
3.1.3 Type or UNS designation (Table 1),
3.1.4 Condition (4.1),
3.1.5 Finish (4.2),
3.1.6 Cross section (round, square, etc.),
3.1.7 Applicable dimensions including size, thickness and

width.
3.1.8 ASTM designation A 580/A 580M and date of issue.
3.1.9 Coil diameter (inside or outside diameter, or both) and

coil weight.
3.1.10 Special requirements.

NOTE 2—A typical ordering description is as follows: 5000 lb [2000 kg]
Type 304, wire, annealed and cold drawn,1⁄2 in. [13 mm] round, ASTM
Specification A 580/A 580M dated . End use: machined hydraulic
coupling parts.

4. Manufacture

4.1 Condition (Table 2):
4.1.1 Condition A—Annealed as a final heat treatment.

Material in Condition A may be given a final cold drawing for
size control or finish, or both, slightly raising tensile strength.

4.1.2 Condition B—Cold worked to higher strength.
4.1.3 Condition T—Heat treated to an intermediate temper

generally by austenitizing, quenching, and tempering at a
relatively low temperature.

4.1.4 Condition H—Heat treated to a hard temper generally
by austenitizing, quenching, and tempering at a relatively low
temperature.

4.2 Finish:
4.2.1 Cold Drawn—A finish resulting from a final cold

drawing pass, generally with cold drawing lubricant left on.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved June 10, 1998. Published September 1998. Originally
published as A 580 – 67. Last previous edition A 580 – 95a.

2 Annual Book of ASTM Standards, Vol 01.05.
3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 01.01.

5 Available from Society of Automotive Engineers (SAE), 400 Commonwealth
Dr., Warrendale, PA 15096.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



Special bright finishes, lubricant removal, etc., for special end
uses must be negotiated with the producer.

4.2.2 Annealed and Pickled—A dull matte appearance nec-
essarily associated with the dead-soft condition when no final
cold drawing is permitted.

5. Chemical Composition

5.1 The steel shall conform to the requirements as to
chemical composition specified in Table 1.

TABLE 1 Chemical Requirements

UNS
Desig-
nationA

Type

Composition, %

Carbon,
maxB

Manga-
nese,
maxB

Phos-
phorus,

max

Sul-
fur,
max

Silicon,
maxB Chromium Nickel Molybdenum Nitrogen Other Elements

Austenitic Grades

S20161
S20910

. . .
XM-19

0.15
0.06

4.0–6.0
4.0–6.0

0.040
0.040

0.040
0.030

3.0–4.0
1.00

15.0–18.0
20.5–23.5

4.0–6.0
11.5–13.5 1.50–3.00

0.08–0.20
0.20–0.40 Cb 0.10–0.30

V 0.10–0.30
S21400 XM-31 0.12 14.0–16.0 0.045 0.030 0.30–1.00 17.0–18.5 1.00

max
0.35 max

S21800 ... 0.10 7.0–9.0 0.060 0.030 3.5–4.5 16.0–18.0 8.0–9.0 0.08–0.18
S21900 XM-10 0.08 8.0–10.0 0.060 0.030 1.00 19.0–21.5 5.5–7.5 0.15–0.40
S21904 XM-11 0.04 8.0–10.0 0.060 0.030 1.00 19.0–21.5 5.5–7.5 0.15–0.40
S24000
S24100

XM-29
XM-28

0.08
0.15

11.5–14.5
11.0–14.0

0.060
0.040

0.030
0.030

1.00
1.00

17.0–19.0
16.5–19.0

2.3–3.7
0.5–2.50

0.20–0.40
0.20–0.45

S28200 ... 0.15 17.0–19.0 0.045 0.030 1.00 17.0–19.0 ... 0.75–1.25 0.40–0.60 Cu 0.75–1.25
0.10 max

S30200 302 0.15 2.00 0.045 0.030 1.00 17.0–19.0 8.0–10.0 0.10 max
S30215 302B 0.15 2.00 0.045 0.030 2.00–3.00 17.0–19.0 8.0–10.0
S30400 304 0.08 2.00 0.045 0.030 1.00 18.0–20.0 8.0–10.5 0.10 max
S30403 304LC 0.030 2.00 0.045 0.030 1.00 18.0–20.0 8.0–12.0 0.10 max
S30500 305 0.12 2.00 0.045 0.030 1.00 17.0–19.0 10.5–13.0
S30800 308 0.08 2.00 0.045 0.030 1.00 19.0–21.0 10.0–12.0
S30900 309 0.20 2.00 0.045 0.030 1.00 22.0–24.0 12.0–15.0
S30908 309S 0.08 2.00 0.045 0.030 1.00 22.0–24.0 12.0–15.0
S30940 309Cb 0.08 2.00 0.045 0.030 1.00 22.0–24.0 12.0–16.0 0.10 max Cb+Ta 103C min,

1.10 max
S31000 310 0.25 2.00 0.045 0.030 1.50 24.0–26.0 19.0–22.0
S31008
S31400

310S
314

0.08
0.25

2.00
2.00

0.045
0.045

0.030
0.030

1.50
1.50–3.00

24.0–26.0
23.0–26.0

19.0–22.0
19.0–22.0

S31600 316 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 0.10 max
S31603 316LC 0.030 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 0.10 max
S31700
S32100
S34700

317
321
347

0.08
0.08
0.08

2.00
2.00
2.00

0.045
0.045
0.045

0.030
0.030
0.030

1.00
1.00
1.00

18.0–20.0
17.0–19.0
17.0–19.0

11.0–15.0
9.0–12.0
9.0–13.0

3.0–4.0 0.10 max
Ti 53C min

Cb+Ta 103C min
S34800 348 0.08 2.00 0.045 0.030 1.00 17.0–19.0 9.0–13.0 Cb+Ta 103C min

Ta 1.10 max
Co 0.20 max

Ferritic Grades

S40500
S40976
S43000

405
. . .
430

0.08
0.030
0.12

1.00
1.00
1.00

0.040
0.040
0.040

0.030
0.030
0.030

1.00
1.00
1.00

11.5–14.5
10.5–11.7
16.0–18.0

...
0.75–1.00

...
0.040

Al 0.10–0.30
Cb 103(C+N) −0.80

S44400
S44600

...
446

0.025
0.20

1.00
1.50

0.040
0.040

0.030
0.030

1.00
1.00

17.5–19.5
23.0–27.0

1.00
...

1.75–2.50 0.035 max
0.25 max

0.20+4(C+N)–0.80

S44700 ... 0.010 0.30 0.025 0.020 0.20 28.0–30.0 0.15 max 3.5–4.2 0.020 max C+N 0.025 max
Cu 0.15 max

S44800 ... 0.010 0.30 0.025 0.020 0.20 28.0–30.0 2.00–2.50 3.5–4.2 0.020 max C+N 0.025 max
Cu 0.15 max

Martensitic Grades

S40300 403 0.15 1.00 0.040 0.030 0.50 11.5–13.0 ...
S41000 410 0.15 1.00 0.040 0.030 1.00 11.5–13.5 ...
S41400 414 0.15 1.00 0.040 0.030 1.00 11.5–13.5 1.25–2.50
S42000 420 over 0.15 1.00 0.040 0.030 1.00 12.0–14.0 ...
S43100 431 0.20 1.00 0.040 0.030 1.00 15.0–17.0 1.25–2.50
S44002 440A 0.60–0.75 1.00 0.040 0.030 1.00 16.0–18.0 ... 0.75 max
S44003 440B 0.75–0.95 1.00 0.040 0.030 1.00 16.0–18.0 ... 0.75 max
S44004 440C 0.95–1.20 1.00 0.040 0.030 1.00 16.0–18.0 ... 0.75 max

A New designation established in accordance with Practice E 527 and SAE J 1086.
B Maximum, unless otherwise indicated.
C For some applications, the substitution of Type 304L for Type 304, or Type 316L for Type 316 may be undesirable because of design, fabrication, or service

requirements. In such cases, the purchaser should so indicate on the order.
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6. Mechanical Requirements

6.1 The material shall conform to the mechanical test
requirements specified in Table 2.

6.2 The martensitic grades shall be capable of meeting the
hardness requirements, after heat treating, as specified in Table
3.

7. General Requirements for Delivery

7.1 In addition to the requirements of this specification, all
requirements of the current edition of Specification A 555/
A 555M shall apply. Failure to comply with the general
requirements of Specification A 555/A 555M constitutes non-
conformance with this specification.

TABLE 2 Mechanical Test Requirements

UNS Designation Type
Condition

(see 4.1)

Final
Operation

Tensile Strength,A min
Yield Strength,B min

Elongation
in Length
4 3 Gage
Diameter
of Test

Specimens,C

min, %

Reduction
of Area,
min, %

ksi
ksi

Austenitic Grades

S20161 . . . A cold finished
annealed

125 [860] 50 [345] 40 40

S20910 XM-19 A cold finished
annealed

100 [690] 55 [380] 35 55

S21400 XM-31 A cold finished
annealed

130
100

[900]
[690]

85
50

[585]
[345]

24
40

60
65

B cold finished 220 190 5 50
S21800 . . . A cold finished

annealed
95 [655] 50 [345] 35 55

S21900 and S21904 XM-10 and XM-11 A cold finished
annealed

90 [620] 50 [345] 45 60

S24000 and S24100 XM-29 and XM-28 A cold finished
annealed

100 [690] 55 [380] 30 50

S28200 . . . A cold finished
annealed

110 [760] 60 [415] 35 55

B cold finished 175 150 15 50
S30200, S30215,
S30400, S30500,
S30800, S30900,
S30908, S30940,
S31000, S31008,
S31400, S31600,

S31700, S32100,
S34700,S34800

302, 302B, 304,
305, 308, 309,

309S, 309Cb, 310,
310S, 314, 316,
317, 321, 347,

348

A cold finished
annealed

90
75

[620]
[520]

45
30

[310]
[210]

30D

35D
40D

50D

S30403 and S31603 304L and 316L A cold finished
annealed

90
70

[620]
[485]

45
25

[310]
[170]

30D

35D
40D

50D

Ferritic Grades

S40976 . . . A annealed 60 [415] 20 [140] 20 45
S40500,E S43000,
S44401, S44600

405, 430,
. . ., 446

A cold finished
annealed

70
70

[485]
[485]

40
40

[275]
[275]

16
20

45
45

S44700 and S44800 . . ., . . . A cold finished
annealed

75
70

[520]
[485]

60
55

[415]
[380]

15
20

30
40

Martensitic Grades

S40300 and S41000 403 and 410 A cold finished
annealed

70
70

[485]
[485]

40
40

[275]
[275]

16
20

45
45

T
H

cold finished
cold finished

100
120

[690]
[830]

80
90

[550]
[620]

12
12

40
40

S41400 414 A cold finished 150 max max . . . . . . . . . . . .
S42000 420 A cold finished 125 max [860]

max
. . . . . . . . . . . .

S43100, S44002,
S44003, S44004

431, 440A,
440B, 440C

A cold finished 140 max [965]
max

. . . . . . . . . . . .

A Minimum unless otherwise noted.
B Yield strength shall be determined by the 0.2 % offset method in accordance with Test Methods and Definitions A 370. An alternative method of determining yield

strength, based on a total extension under load of 0.5 %, may be used.
C For wire products, it is generally necessary to use sub-size test specimens in accordance with Test Methods and Definitions A 370.
D For material 5⁄32 in. [3.96 mm] and under in size, the elongation and reduction in area shall be 25 % and 40 %, respectively.
E Material shall be capable of being heat treated to a maximum hardness of HRC 25 when oil quenched from 1750°F [955°C].
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8. Keywords

8.1 stainless steel; wire

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 Response to Heat Treatment

TypeA Heat TreatmentB

Temperature °F [°C]
Quenchant

Hardness
HRC, min

403 1750 [955] Air 35
410 1750 [955] Air 35
414 1750 [955] Oil 42
420 1825 [1000] Air 50
431 1875 [1025] Oil 40
440A 1875 [1025] Air 55
440B 1875 [1025] Oil 56
440C 1875 [1025] Air 58
A Samples for testing shall be in the form of a section not exceeding 3⁄8 in. (9.50

mm) in thickness.
B Temperature tolerance is 625°F [615°C].
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Designation: A 581/A581M – 95b (Reapproved 2000)

Standard Specification for
Free-Machining Stainless Steel Wire and Wire Rods 1

This standard is issued under the fixed designation A 581/A581M; 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 cold-finished wire and hot-
finished wire rods in coils. Wire rods are a semi-finished
product primarily for the manufacture of wire. Wire includes
rounds, squares, hexagons and special shapes in the more
commonly used types of stainless free-machining steels de-
signed especially for optimum machinability and for general
corrosion and high temperature service.

NOTE 1—For wire other than those of the free-machining types, see
Specification A 580/A 580M.

1.2 The values stated in either inch-pound units or SI
(metric) units are to be regarded separately as standards: within
the text and tables, the SI units are shown in [brackets]. The
values stated in each system are not exact equivalents; there-
fore, each system must be used independently of the other.
Combining values from the two systems may result in noncon-
formance with the specification.

1.3 Unless the order specifies the applicable “M” specifica-
tion designation, the material shall be furnished to the inch-
pound units.

2. Referenced Documents

2.1 ASTM Standards:
A 555/A555M Specification for General Requirements for

Stainless Steel Wire and Wire Rods2

A 580/A580M Specification for Stainless Steel Wire2

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

E 527 Practice for Numbering Metals and Alloys (UNS)3

2.2 SAE Standard:
J 1086 Practice for Numbering Metals and Alloys (UNS)4

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight),
3.1.2 Name of material (stainless steel),
3.1.3 Condition (see Section 5),
3.1.4 Finish (see Section 7),
3.1.5 Applicable dimensions including size, thickness,

width, and length or coil diameter (inside, or outside diameter),
and coil weights,

3.1.6 Cross section (round, square, etc.),
3.1.7 Type or UNS designation (Table 1),
3.1.8 ASTM designation (Specification A 581/A 581M) and

date of issue, and
3.1.9 Exceptions to the specification or special require-

ments.

NOTE 2—A typical ordering description is as follows: 5000 lb [2000 kg]
stainless steel wire, annealed,1⁄4in. [6.5 mm] round, coils, Type 303,
ASTM Specification A 581/A 581M dated . End use: machined valve
parts.

4. Chemical Composition

4.1 The steel shall conform to the requirements as to
chemical composition specified in Table 1.

4.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

5. Condition

5.1 Cold-finished wire may be furnished in one of the
conditions listed in Table 2.

5.2 Wire rods may be furnished in the as-hot-rolled or
as-hot-rolled and annealed condition.

6. Mechanical Requirements

6.1 Wire products shall conform to the mechanical test
requirements specified in Table 3.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved Sept. 10, 1995. Published November 1995. Originally
published as A 581 – 67. Last previous edition A 581 – 95a.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.01.
4 Available from Society of Automotive Engineers, 400 Commonwealth Drive,

Warrendale, PA 15096.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



6.2 Wire rods shall conform to the annealed mechanical test
requirements specified in Table 3.

7. Finish

7.1 Wire rods are furnished with a hot rolled or a hot rolled
and cleaned finish.

7.2 Wire in the cold-finished condition, is generally fur-
nished with a cold drawn finish.

8. General Requirements for Delivery

8.1 In addition to the requirements of this specification, all
requirements of the current edition of Specification A 555/
A 555M shall apply. Failure to comply with the general
requirements of Specification A 555/A 555M constitutes non-
conformance with this specification.

9. Keywords

9.1 free-machining; free-machining wire; stainless steel

TABLE 1 Chemical Requirements

UNS
Desig-
nationA

Type

Composition, %

Carbon,
max

Manga-
neseB

Phos-
phorus,

max
SulfurB

Silicon,
max

Chromium Nickel Other Elements

AUSTENITIC
S20300 XM-1 0.08 5.0–6.5 0.04 0.18–0.35 1.00 16.0–18.0 5.0–6.5 Cu 1.75–2.25
S30300 303 0.15 2.00 0.20 0.15 min 1.00 17.0–19.0 8.0–10.0 . . .

0.20
S30310 XM-5 0.15 2.5–4.5 0.20 0.25 min 1.00 17.0–19.0 7.0–10.0 . . .
S30323 303 Se 0.15 2.00 0.20 0.06 1.00 17.0–19.0 8.0–10.0 Se 0.15 min
S30345 XM-2 0.15 2.00 0.05 0.11–0.16 1.00 17.0–19.0 8.0–10.0 Mo 0.40–0.60

Al 0.60–1.00
MARTENSITIC

S41600 416 0.15 1.25 0.06 0.15 min 1.00 12.0–14.0 . . . . . .
S41610 XM-6 0.15 1.50–2.50 0.06 0.15 min 1.00 12.0–14.0 . . . . . .
S41623 416 Se 0.15 1.25 0.06 0.06 1.00 12.0–14.0 . . . Se 0.15 min

FERRITIC
S18200 XM-34 0.08 2.50 0.04 0.15 min 1.00 17.5–19.5 . . . Mo 1.50–2.50
S18235 . . . 0.025 0.50 0.030 0.15–0.35 1.00 17.5–18.5 1.00 Mo 2.00–2.50

Ti 0.30–1.00
N 0.025 max
C+N 0.035 max

S41603 . . . 0.08 1.25 0.06 0.15 min 1.00 12.0-14.0 . . . . . .
S43020 430 F 0.12 1.25 0.06 0.15 min 1.00 16.0–18.0 . . . . . .
S43023 430 F Se 0.12 1.25 0.06 0.06 1.00 16.0–18.0 . . . Se 0.15 min
A New designation established in accordance with Practice E 527 and SAE J 1086, Practice for Numbering Metals and Alloys (UNS).
B Maximum unless otherwise noted.

TABLE 2 Condition

UNS
Designation

Type
Condition A
(Annealed)

Condition
B (Cold
Worked)

Condition
T (Inter-
mediate
Temper)

Condition
H (Hard
Temper)

AUSTENITIC
S20300 XM-1 A B . . . . . .
S30300 303 A B . . . . . .
S30310 XM-5 A B . . . . . .
S30323 303 Se A B . . . . . .
S30345 XM-2 A B . . . . . .

MARTENSITIC
S41600 416 A . . . T H
S14160 XM-6 A . . . T H
S41623 416 Se A . . . T H

FERRITIC
S18200 XM-34 A . . . . . . . . .
S18235 . . . A B . . . . . .
S41603 . . . A . . . . . . . . .
S43020 430 F A . . . . . . . . .
S43023 430 F Se A . . . . . . . . .

TABLE 3 Mechanical Test Requirements

Type
Condition
(see Sec-

tion 5)

Tensile Strength

ksi [MPa]

All (Except S 18235) A 85 to 125 [585 to 860]
S18235 A

B
60 to 90
80 to 120

[415 to 620]
[550 to 830]

303, 303Se, XM-1, XM-2,
XM-3, and XM-5

BA 115 to 145 [795 to 1000]

416, 416Se, and XM-6 T 115 to 145 [790 to 1000]
416, 416Se, and XM-6 H 140 to 175 [965 to1210]

A Condition B applies only to wire annealed and cold worked to produce high
strength in chromium-nickel types not hardenable by heat treatment.
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APPENDIX

(Nonmandatory Information)

X1. CROSS REFERENCE

This table is intended to assist the user when Specification
A 581/A 581M is referenced in a Government procurement. It
shows the types of steels in Specification A 581/A 581M

replacing the steels formerly specified in MIL-W-
52263C(MR).

TABLE X1.1 Cross Reference

UNS DesignationA MIL-W-52263C(MR)
Specification A 581,

Type

S20300 203 EZ XM-1
S30300 303 303
S30310 303 plus X XM-5
S30323 303 Se 303 Se
S30345 303 Ma XM-2
S41600 416 416
S41610 416 plus X XM-16
S41623 416 Se 416 Se
S43020 430 F 430 F
S43023 430 Se 430 F Se

A New designation established in accordance with Practice E 527 and SAE J 1086, Practice for Numbering Metals and Alloys (UNS).

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: A 582/A 582M – 95b (Reapproved 2000) e1

Standard Specification for
Free-Machining Stainless Steel Bars 1

This standard is issued under the fixed designation A 582/A 582M; 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 X1.1 was editorially corrected in May 2003.

1. Scope

1.1 This specification covers hot-finished or cold-finished
bars, except bars for forging (Note 1). It includes rounds,
squares, and hexagons in the more commonly used types of
stainless free-machining steels designed especially for opti-
mum machinability and for general corrosion and high-
temperature service. Stainless steel bars other (Note 2) than the
free-machining types are covered in a separate specification.

1.2 The values stated in either inch-pound units or SI
(metric) 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 are not exact equivalents: there-
fore, each system must be used independent of the other.
Combining values from the two systems may result in noncon-
formance with the specification.

1.3 Unless the order specifies the applicable “M” specifica-
tion designation, the material shall be furnished to the inch-
pound units.

NOTE 1—For bars for reforging, see Specification A 314.
NOTE 2—For non-free machining stainless bars, see Specification

A 276.

2. Referenced Documents

2.1 ASTM Standards:
A 276 Specification for Stainless Steel Bars and Shapes2

A 314 Specification for Stainless Steel Billets and Bars for
Forging2

A 484/A 484M Specification for General Requirements for
Stainless Steel Bars, Billets, and Forgings2

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products3

E 527 Practice for Numbering Metals and Alloys (UNS)4

2.2 Other Document:

SAE J 1086 Recommended Practice for Numbering Metals
and Alloys5

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight or number of pieces),
3.1.2 Type or UNS designation (Table 1),
3.1.3 Form (bars, angles, etc.),
3.1.4 Condition (Table 2),
3.1.5 Finish (5.1),
3.1.6 Applicable dimensions, including size, thickness,

width, and length,
3.1.7 Cross section (round, square, etc.),
3.1.8 ASTM designation (Specification A 582/A 582M) and

date of issue,
3.1.9 Preparation for delivery, and
3.1.10 Marking requirements.

NOTE 3—A typical ordering description is as follows: 5000 lb [2000 kg]
Type 416 bars, annealed and centerless ground, 11⁄2 in. [40 mm] round, 10
to 12 ft [3 to 4 m] in length, ASTM Specification A 582/A 582M dated .

4. General Requirements for Delivery

4.1 In addition to the requirements of this specification, all
requirements of the current edition of Specification A 484/
A 484M shall apply. Failure to comply with the general
requirements of Specification A 484/A 484M constitutes non-
conformance with this specification.

5. Materials and Manufacture

5.1 Bars may be furnished either hot finished or cold
finished in one of the conditions listed in Table 2.

6. Chemical Requirements

6.1 The chemical composition shall conform to the require-
ments specified in Table 1.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloysand is the direct responsibility of Subcommittee
A01.17on Flat Stainless Steel Products.

Current edition approved Sept. 10, 1995. Published November 1995. Originally
published as A 582 – 67. Last previous edition A 582 – 95a.

2 Annual Book of ASTM Standards, Vol 01.05.
3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 01.01.

5 Available from Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096.
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6.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices and Terminology A 751.

7. Hardness Requirement
7.1 At least one hardness test shall be made midway

between surface and center on each lot to determine that the
material conforms to Table 3.

8. Certification
8.1 Upon request of the purchaser in the contract or order,

the manufacturer’s certification that the material was manufac-
tured and tested in accordance with this specification, together
with a certified report of the test results, shall be furnished at
the time of the shipment.

9. Keywords
9.1 austenitic stainless steel; ferritic stainless steel; free-

machining stainless steel; martensitic stainless steel; stainless
steel bars

TABLE 1 Chemical Requirements

UNS
Desig-
nationA

Type

Chemical Composition, %

CarbonB Manga-
neseB

Phos-
phorus,B

SulfurB
Silicon,

max
Chromium Nickel

Molyb-
denum

Selenium
Other

Elements

Austenitic

S20300 XM-1 0.08 5.00–6.50 0.04 0.18–0.35 1.00 16.00–18.00 5.00–6.50 . . . . . . Cu 1.75–2.25
S30300 303 0.15 2.00 0.20 0.15 min 1.00 17.00–19.00 8.00–10.00 . . . . . . . . .
S30310 XM-5 0.15 2.50–4.50 0.20 0.25 min 1.00 17.00–19.00 7.00–10.00 . . . . . . . . .
S30323 303Se 0.15 2.00 0.20 0.06 1.00 17.00–19.00 8.00–10.00 . . . 0.15 min . . .
S30345 XM-2 0.15 2.00 0.05 0.11–0.16 1.00 17.00–19.00 8.00–10.00 0.40–0.60 . . . Al 0.60–1.00

Martensitic

S41600 416 0.15 1.25 0.06 0.15 min 1.00 12.00–14.00 . . . . . . . . . . . .
S41610 XM-6 0.15 1.50–2.50 0.06 0.15 min 1.00 12.00–14.00 . . . . . . . . . . . .
S41623 416Se 0.15 1.25 0.06 0.06 1.00 12.00–14.00 . . . . . . 0.15 min . . .
S42020 420F 0.30–0.40 1.25 0.06 0.15 min 1.00 12.00–14.00 0.50C . . . . . . Cu 0.60 maxC

S42023 420FSe 0.20–0.40 1.25 0.06 0.06 1.00 12.00–14.00 0.50C . . . 0.15 min Cu 0.60 maxC

S44020 440F 0.95–1.20 1.25 0.06 0.15 min 1.00 16.00–18.00 0.50C . . . . . . Cu 0.60 maxC

S44023 440FSe 0.95–1.20 1.25 0.06 0.06 1.00 16.00–18.00 0.50C . . . 0.15 min Cu 0.60 maxC

Ferritic

S18200 XM-34 0.08 2.50 0.04 0.15 min 1.00 17.50–19.50 . . . 1.50–2.50 . . . . . .
S18235 . . . 0.025 0.50 0.030 0.15–0.35 1.00 17.50–18.50 1.00 2.00–2.50 . . . Ti 0.30–1.00

N 0.025 max
C+N 0.035 max

S41603 . . . 0.08 1.25 0.06 0.15 min 1.00 12.00-14.00 . . . . . . . . . . . .
S43020 430F 0.12 1.25 0.06 0.15 min 1.00 16.00–18.00 . . . . . . . . . . . .
S43023 430FSe 0.12 1.25 0.06 0.06 1.00 16.00–18.00 . . . . . . 0.15 min . . .

A Designation established in accordance with Practice E 527 and SAE J 1086, Recommended Practice for Numbering Metals and Alloys (UNS).
B Maximum unless otherwise noted.
C At manufacturer’s option, reported only when intentionally added.

TABLE 2 Condition

Type Condition A
(Annealed)

Condition T
(Intermediate

Temper)

Condition H
(Hard Temper)

XM-1 A . . .
303 A . . . . . .
XM-5 A . . . . . .
303Se A . . . . . .
XM-2 A . . . . . .
416 A T H
XM-6 A T H
416Se A T H
420F A . . . . . .
420FSe A . . . . . .
440F A . . . . . .
440FSe A . . . . . .
XM-34 A . . . . . .
S18235 A . . . . . .
S41603 A . . . . . .
430F A . . . . . .
430FSe A . . . . . . TABLE 3 Mechanical Test Requirements

Types Condition HardnessA (HB)

All (except 440F, 440FSe and S18235) A 262 max
416, 416Se, 420FSe, and XM-6 T 248 to 302
416, 416Se, and XM-6 H 293 to 352
440 F and 440FSe A 285 max
S18235 A 207 max

A Sizes below approximately 1 in. [25 mm] cross section may be tensile tested
and converted to hardness.

A 582/A 582M – 95b (2000) e1

2



APPENDIX

(Nonmandatory Information)

X1. CROSS REFERENCE

X1.1 This table is intended to assist the user when
Specification A 582/A 582M is referenced in a government
procurement. It shows the types of steels in Specification

A 582/A 582M replacing the steels formerly specified in QQ-
S-764B.

TABLE X1.1 Cross Reference

UNS DesignationA QQ-S-764B
Specification A 582,

Type

S20300 203EZ XM-1
S30300 303 303
S30310 303 Plus X XM-5
S30323 303Se 303Se
S30345 303Ma XM-2

S41600 416 416
S41610 416 Plus X XM-6
S41623 416Se 416Se
S42020 420F 420F
S42023 420FSe 420FSe
S43020 430F 430F
S43023 430FSe 430FSe

A Designation established in accordance with Practice E 527 and SAE J 1086, Recommended Practice for Numbering Metals and Alloys (UNS).

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: A 606 – 04

Standard Specification for
Steel, Sheet and Strip, High-Strength, Low-Alloy, Hot-Rolled
and Cold-Rolled, with Improved Atmospheric Corrosion
Resistance 1

This standard is issued under the fixed designation A 606; 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 high-strength, low-alloy, hot-
and cold-rolled sheet and strip in cut lengths or coils, intended
for use in structural and miscellaneous purposes, where savings
in weight or added durability are important. These steels have
enhanced atmospheric corrosion resistance and are supplied in
two types: Type 2 contains 0.20 % minimum copper based on
cast or heat analysis (0.18 % minimum Cu for product check).
Type 4 contains additional alloying elements and provides a
level of corrosion resistance substantially better than that of
carbon steels with or without copper addition (Note 1). When
properly exposed to the atmosphere, Type 4 steel can be used
bare (unpainted) for many applications.

NOTE 1—For methods of establishing the atmospheric corrosion resis-
tance of low-alloy steels, see Guide G 101.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:2

A 109/A 109M Specification for Steel, Strip, Carbon (0.25
Maximum Percent), Cold-Rolled

A 568/A 568M Specification for Steel, Sheet, Carbon, and
High-Strength, Low-Alloy, Hot-Rolled and Cold-Rolled,
General Requirements for

A 749/A 749M Specification for Steel, Strip, Carbon and
High-Strength, Low-Alloy, Hot-Rolled, General Require-
ments for

G 101 Guide for Estimating the Atmospheric Corrosion
Resistance of Low-Alloy Steels

3. General Requirements for Delivery —

3.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification A 568/A 568M and the dimensional tolerance
tables of Specification A 109/A 109M, unless otherwise pro-
vided herein.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information, as required, to describe adequately
the desired material:

4.1.1 ASTM specification number and date of issue, and
type,

4.1.2 Name of material (high-strength low-alloy hot-rolled
sheet or strip or high-strength low-alloy cold-rolled sheet or
strip),

4.1.3 Condition (specify oiled or dry, as required),
4.1.4 Edges (must be specified for hot-rolled sheet or strip)

(see 8.1),
4.1.5 Finish—Cold-rolled only (indicate exposed (E) or

unexposed (U). Matte (dull) finish will be supplied unless
otherwise specified), and

4.1.6 Dimensions (thickness, width, and whether cut lengths
or coils).

4.1.6.1 As agreed upon between the purchaser and the
producer, material ordered to this specification will be supplied
to meet the appropriate standard or restricted thickness toler-
ance table shown in Specification A 568/A 568M.

NOTE 2—Not all producers are capable of meeting all of the limitations
of the thickness tolerance tables in Specification A 568/A 568M. The
purchaser should contact the producer regarding possible limitations prior
to placing an order.

4.1.7 Coil size (must include inside diameter, outside diam-
eter, and maximum weight),

4.1.8 Application (show part identification and description),

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1970. Last previous edition approved in 2001 as A 606 – 01.

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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4.1.9 Special requirements (if required), and
4.1.10 Cast or heat (formerly ladle) analysis and mechanical

properties report (if required) (see 10.1).

NOTE 3—A typical ordering description is as follows: “ASTM
A 606–XX, Type 4 high-strength low-alloy hot-rolled sheet, dry, mill edge
0.106 by 48 by 96 in. for truck frame side members.”

5. Materials and Manufacture

5.1 Condition—The material shall be furnished hot-rolled
or cold-rolled as specified on the purchase order.

5.2 Heat Treatment—Unless otherwise specified, hot-rolled
shall be furnished as rolled. When hot-rolled annealed or
hot-rolled normalized material is required, it shall be specified
on the purchase order.

6. Chemical Composition

6.1 The maximum limits of carbon, manganese, and sulfur
shall be as prescribed in Table 1, unless otherwise agreed upon
between the manufacturer and the purchaser.

6.2 The manufacturer shall use such alloying elements,
combined with the carbon, manganese, and sulfur within the
limits prescribed in Table 1 to satisfy the mechanical properties
prescribed in Table 2 or Table 3. Such elements shall be
included and reported in the specified heat or cast analysis. As
indicated in 1.1, these steels have enhanced atmospheric
corrosion resistance and are supplied in two types: Type 2 and
Type 4. When requested, the producer shall supply acceptable
evidence of corrosion resistance to the purchaser. For Type 2
steel, confirmation of the minimum copper content requirement
of 1.1 shall be sufficient evidence of corrosion resistance. For
Type 4 steel, the basis for this evidence can be a corrosion-
resistance index calculated from the chemical composition of
the steel in accordance with Guide G 101. To comply with
Specification A 606, Type 4 steel shall have a minimum
corrosion-resistance index of 6.0, based upon Guide G 101—
Predictive Method Based on the Data of Larabee and Coburn
(see Note 4.)

NOTE 4—The user is cautioned that the Guide G 101 predictive
equation (Predictive Method Based on the Data of Larabee and Coburn)
for calculation of an atmospheric corrosion index has been verified only
for the composition limits stated in that guide.

6.3 When the steel is used in welded applications, welding
procedure shall be suitable for the steel chemistry as described
in 6.2 and the intended service.

7. Mechanical Property Requirements

7.1 Tension Tests:

7.1.1 Requirements—Material as represented by the test
specimen shall conform to the tensile requirements specified in
Table 2 (hot-rolled material) or in Table 3 (cold-rolled mate-
rial).

7.1.2 Number of Tests—Two tensile tests shall be made
from each heat or from each lot of 50 tons (45 Mg). When the
amount of finished material from a heat or lot is less than 50
tons, one test shall be made. When material rolled from one
heat differs 0.050 in. (1.27 mm) or more in thickness, one
tensile test shall be made from the thickest and thinnest
material regardless of the weight represented.

7.1.3 Location and Orientation:
7.1.3.1 Tensile test specimens shall be taken at a point

immediately adjacent to the material to be qualified.
7.1.3.2 Tensile test samples shall be taken from the full

thickness of the sheet as rolled.
7.1.3.3 Tensile test specimens shall be taken from a location

approximately halfway between the center of the sheet and the
edge of the material as rolled.

7.1.3.4 Tensile test specimens shall be taken with the axis of
the test specimen parallel to the rolling direction (longitudinal
test).

7.1.4 Test Method—Yield strength shall be determined by
either the 0.2 % offset method or by the 0.5 % extension under
load method unless otherwise specified.

7.2 Bending Properties—The minimum forming radius (ra-
dii) that steel covered by this specification can be expected to
sustain is listed in the Appendix X1 and is discussed in more
detail in Specifications A 568/A 568M and A 749/A 749M.
Where tighter bend radii are required, where curved or offset
bends are involved, or where stretching or drawing are also a
consideration, the producers should be consulted.

8. Workmanship, Finish, and Appearance

8.1 Edges:
8.1.1 Hot-Rolled—In the as-rolled condition the material

has mill edges. Pickled or blast-cleaned material has cut edges.
When required, as-rolled material may be specified to have cut
edges. If mill edge material is required it must be specified.

8.1.2 Cold-Rolled—Cold-rolled material shall have cut
edges only.

8.2 Oiling:

TABLE 1 Chemical Requirements

Composition, max, %

Cast or Heat
(Formerly Ladle)

Analysis

Product Check,
or Verification

Analysis

CarbonA 0.22 0.26
Manganese 1.25 1.30
Sulfur 0.04 0.06

A For compositions with a maximum carbon content of 0.15 % on heat or cast
analysis, the maximum limit for manganese on heat or cast analysis may be
increased to 1.40 % (with product analysis limits of 0.19 % carbon and 1.45 %
manganese).

TABLE 2 Tensile Requirements A for Hot-Rolled Material

As-Rolled
Annealed or
Normalized

Tensile strength, min ksi (MPa) 70 (480) 65 (450)
Yield strength, min, ksi (MPa) 50 (340) 45 (310)
Elongation in 2 in. or 50 mm, 22 22

min, %
A For coil products, testing by the producer is limited to the end of the coil.

Mechanical properties throughout the coil shall comply with the minimum values
specified.

TABLE 3 Tensile Requirements for Cold-Rolled Material

Cut Lengths and Coils

Tensile strength, min, ksi (MPa) 65 (450)
Yield strength, min, ksi (MPa) 45 (310)
Elongation in 2 in. or 50 mm, min, % 22A

A 0.0448 in. (1.14 mm) and under in thickness—20 %.
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8.2.1 Hot-Rolled—Unless otherwise specified, hot-rolled
as-rolled material shall be furnished dry, and hot-rolled pickled
or blast-cleaned material shall be furnished oiled. When
required, pickled or blast-cleaned material may be specified to
be furnished dry, and as-rolled material may be specified to be
furnished oiled.

8.2.2 Cold-Rolled—Unless otherwise specified, cold-rolled
material shall be oiled. When required, cold-rolled material
may be specified to be furnished dry, but is not recommended
due to the increased possibility of rusting.

8.3 Surface Finish:
8.3.1 Hot-Rolled—Unless otherwise specified, hot-rolled

material shall have an as-rolled, not pickled surface finish.
When required, material may be specified to be pickled or
blast-cleaned.

8.3.2 Cold-Rolled—Unless otherwise specified, cold-rolled
material shall have a matte (dull) finish.

9. Retests

9.1 If the results on an original tensile specimen are within
2 ksi (14 MPa) of the required tensile strength, within 1 ksi (7

MPa) of the required yield strength, or within 2 % of the
required elongation, a retest shall be permitted for which one
random specimen from the heat or test lot shall be used. If the
results on this retest specimen meet the specified requirements,
the heat or test lot will be accepted.

10. Certification

10.1 When requested, the manufacturer shall furnish copies
of a test report showing the results of the heat or cast analysis
and mechanical property tests made to determine compliance
with this specification. The report shall include the purchase
order number, the ASTM designation number, and the heat or
lot number correlating the test results with the material
represented.

11. Keywords

11.1 alloy steel sheet; alloy steel strip; cold rolled steel
sheet; cold rolled steel strip; high strength low alloy steel; hot
rolled steel sheet; hot rolled steel strip; steel sheet; steel strip

APPENDIX

(Nonmandatory Information)

X1. BENDING PROPERTIES

TABLE X1.1 Suggested Minimum Inside Radius for Cold Bending A

NOTE 1—(t) equals a radius equivalent to the steel thickness.
NOTE 2—The suggested radii should be used as minimums for 90° bends in actual shop practice.

Grade Minimum Inside Radius for Cold Bending

Hot Rolled or Cold Rolled 21⁄2 t
A Material which does not perform satisfactorily, when fabricated in accordance with the above requirements, may be subject to rejection pending negotiation with the

steel supplier.

SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes made to this standard since the last issue,
A 606–01, that may impact the use of this standard. (Approved March 1, 2004.)

(1) Percentage sign (%) added in 1.1. (2) The 90 % caveat removed from Footnote A of 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).

A 606 – 04

3



Designation: A 635/A 635M – 04 e1

Standard Specification for
Steel, Sheet and Strip, Heavy-Thickness Coils, Hot-Rolled,
Carbon, Structural, High-Strength Low-Alloy, and High-
Strength Low-Alloy with Improved Formability, General
Requirements for 1

This standard is issued under the fixed designation A 635/A 635M; 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 4.1 was editorially corrected in April 2004.

1. Scope*

1.1 This specification covers the general requirements for
hot-rolled, heavy-thickness sheet and strip in coils.

1.2 It applies to Specification A 1018/A 1018.
1.3 This material is available only in coils described as

follows:
Size Limits, Coils Only

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

Strip over 8 to 12, incl
[over 200 through 300]

0.230 to1.000, incl
[from 6.0 through 25]

Sheet over 12 to 48, incl
[over 300 through 1200]

0.230 to 1.000, incl
[from 6.0 through 25]

Sheet over 48
[over 1200]

0.180 to 1.000, incl
[from 4.5 though 25]

1.4 In case of any conflict in requirements, the requirements
of the individual material specification shall prevail over those
of this general specification.

1.5 Annex A1 lists permissible variations in dimensions and
mass (see Note 1) in SI [metric] units. The values listed are not
exact conversions of the values listed in the inch-pound tables,
but instead are rounded or rationalized values. Conformance to
Annex A1 is mandatory when the “M” specification is used.

NOTE 1—The term weight is used when inch-pound units are the
standard. However, under SI, the preferred term ismass.

1.6 The values stated in either inch-pound units or SI units
are to be regarded 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 must be used inde-
pendently of the other. Combining values from the two systems
may result in nonconformance with this specification.

1.7 This specification and the applicable material specifica-
tions are expressed in both inch-pound units and SI units.

However, unless the order specifies the applicable “M” speci-
fication designation (SI units), the material shall be furnished
to inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products

A 1018/A 1018M Specification for Steel, Sheet and Strip,
Heavy-Thickness Coils, Hot-Rolled, Carbon, Commercial,
Drawing, Structural, High-Strength Low-Alloy, and High-
Strength Low-Alloy with Improved Formability

E 11 Specification for Wire Cloth and Sieves for Testing
Purposes

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

E 59 Practice for Sampling Steel and Iron for Determination
of Chemical Composition3

2.2 Federal Standards:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)4

Fed. Std. No. 183 Continuous Identification Marking of Iron
and Steel Products4

2.3 Military Standards:
MIL-STD-129 Marking for Shipment and Storage4

MIL-STD-163 Steel Mill Products, Preparation for Ship-
ment and Storage4

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1970. Last previous edition approved in 2002 as A 635 – 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.

3 Withdrawn.
4 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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3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 Steel Types:
3.1.2 carbon steel—the designation for steel when no mini-

mum content is specified or required for aluminum, chromium,
cobalt, columbium, molybdenum, nickel, titanium, tungsten,
vanadium, zirconium, or any element added to obtain a desired
alloying effect; when the specified minimum for copper does
not exceed 0.40 %; or when the maximum content specified for
any of the following elements does not exceed the percentages
noted: manganese 1.65, silicon 0.60, or copper 0.60.

3.1.2.1 Discussion—In all carbon steels small quantities of
certain residual elements unavoidably retained from raw ma-
terials are sometimes found which are not specified or required,
such as copper, nickel, molybdenum, chromium, etc. These
elements are considered as incidental and are not normally
determined or reported.

3.1.3 high-strength, low-alloy steel—a specific group of
steels in which higher strength, and in some cases additional
resistance to atmospheric corrosion or improved formability,
are obtained by moderate amounts of one or more alloying
elements.

3.2 Product Types:
3.3 hot-rolled sheet and strip—manufactured by hot rolling

slabs in a continuous mill to the required thickness; however,
the product classification of sheet and strip is based on a
combination of thickness and width (see Specification A 1018/
A 1018M.)

4. Index of Tables, Dimensions, and Allowances

4.1 See the following table.
Index of Tables for Dimensions, Tolerances, and Allowances
Dimensions Table No.

Inch-Pound
Units†

SI Units

Camber
Sheet 6 A1.5
Strip 11 A1.10

Crown
Strip 9 A1.8

Thickness
Sheet 2, 3 A1.1, A1.2
Strip 7, 8 A1.6, A1.7

Width
Sheet 4, 5 A1.3, A1.4
Strip 10 A1.9

† Table numbers in this column were corrected editorially.

5. Materials and Manufacture

5.1 Melting Practice—Hot-rolled heavy thickness sheet and
strip coils are normally produced from rimmed, capped, or
semi-killed steel. If either coarse or fine-grain practice is
specified, special soundness steel will be furnished.

5.2 Steel may be produced as ingot-cast or strand-cast.
When different grades of strand-cast steel are sequentially cast,
identification and separation of the transition material is
required.

5.3 The steel shall be in the hot-rolled condition.

6. Chemical Composition

6.1 Cast or Heat (Formerly Ladle) Analysis—An analysis
of each heat or cast shall be made by the manufacturer to

determine the conformance with the appropriate requirement.
The analysis shall be from a test sample preferably taken
during the pouring of the heat or cast.

6.1.1 Where the material is used for fabrication by welding,
care must be exercised in selection of chemical composition or
mechanical properties to assure compatibility with the welding
process and its effect on altering the properties.

6.2 Product, Check, or Verification Analysis:
6.2.1 Non-killed steels such as capped or rimmed steels are

not technologically suited to product analysis due to the
nonuniform character of their chemical composition, and
therefore, the tolerances in Table 1 do not apply. Product
analysis is appropriate on these types of steel only when
misapplication is apparent, or for copper when copper steel is
specified.

6.2.2 For steels other than non-killed (capped or rimmed),
product analysis may be made by the purchaser. The chemical
analysis shall not vary from the limits specified by more than
the amounts in Table 1. The several determinations of any
element in a cast shall not vary both above and below the
specified range.

6.2.3 Sampling for Product Analysis:
6.2.3.1 To indicate adequately the representative composi-

tion of a cast by product analysis, it is general practice to select
samples to represent the steel, as fairly as possible, from a
minimum number of pieces as follows: three pieces for lots up
to 15 tons included, and six pieces for lots over 15 tons (see
Practice E 59).

6.2.3.2 When the steel is subject to tension test require-
ments, samples for product analysis may be taken either by
drilling entirely through the used tension test specimens
themselves, or as covered in 6.2.3.3.

6.2.3.3 When the steel is not subject to tension test require-
ments, the samples for analysis must be taken by milling or
drilling entirely through the sheet in a sufficient number of
places so that the samples are representative of the entire sheet
or strip. The sampling may be facilitated by folding the sheet
both ways, so that several samples may be taken at one drilling.
Steel subjected to certain heating operations by the purchaser
may not give chemical analysis results that properly represent
its original composition. Therefore, users must analyze chips
taken from the steel in the condition in which it is received
from the steel manufacturer.

TABLE 1 Tolerances for Product Analysis

Element
Limit, or Maximum of
Specified Element, %

Tolerance

Under
Mini-
mum
Limit

Over
Maxi-
mum
Limit

Carbon to 0.15, incl 0.02 0.03
over 0.15 to 0.25, incl 0.03 0.04

Manganese to 0.60, incl 0.03 0.03
over 0.60 to 1.15, incl 0.04 0.04
over 1.15 to 1.65, incl 0.05 0.05

Phosphorus . . . 0.01
Sulfur . . . 0.01
Silicon to 0.30, incl 0.02 0.03

over 0.30 to 0.60, incl 0.05 0.05
Copper 0.02 . . .

A 635/A 635M – 04e1
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6.3 Specimen Preparation—Drillings or chips must be
taken without the application of water, oil, or other lubricant,
and must be free of scale, grease, dirt, or other foreign
substances. They must not be overheated during cutting to the
extent of causing decarburization. Chips must be well mixed
and those too coarse to pass a No. 10 sieve or too fine to remain
on a No. 30 sieve are not suitable for proper analysis. Sieve
size numbers are in accordance with Specification E 11.

6.4 Test Methods—In case a referee analysis is required and
agreed upon to resolve a dispute concerning the results of a
chemical analysis, the procedure for performing the referee
analysis must be in accordance with the latest issue of Test
Methods, Practices, and Terminology A 751, unless otherwise
agreed upon between the manufacturer and the purchaser.

7. Mechanical Properties

7.1 The mechanical property requirements, number of
specimens, and test locations and specimen orientation shall be
in accordance with the applicable product specification.

7.2 Unless otherwise specified in the applicable product
specification, test specimens must be prepared in accordance
with Test Methods and Definitions A 370.

7.3 Mechanical tests shall be conducted in accordance with
Test Methods and Definitions A 370.

7.4 To determine conformance with the product specifica-
tion, a calculated value shall be rounded to the nearest 1 ksi
tensile strength and yield point or yield strength, and to the
nearest unit in the right hand place of figures used in expressing
the limiting value for other values in accordance with the
rounding off method given in Practice E 29.

8. Dimensions and Tolerances

8.1 The permissible tolerances for dimensions shall not
exceed the applicable limits specified in Tables 2-6 for hot-
rolled and hot-rolled, pickled-sheet coils and Tables 7-11 for
hot-rolled and hot-rolled, pickled-strip coils (Annex A1, Tables
A1.1-A1.10).

9. Workmanship, Finish, and Appearance

9.1 The steel shall have a workmanlike appearance and shall
not have defects of a nature or degree that will be detrimental
to the stamping or fabrication of finished parts.

9.2 Coils are subject to some abnormal imperfections that
render a portion of the coil unusable since the inspection of
coils does not afford opportunity to remove portions containing
imperfections.

9.3 Surface Finish:
9.3.1 Unless otherwise specified, the material shall be fur-

nished without removing the hot-rolled oxide or scale.
9.3.2 When required, it is permissible to specify the material

to be pickled or blast-cleaned.
9.4 Oiling:
9.4.1 Unless otherwise specified, hot-rolled, as-rolled mate-

rial shall be furnished not oiled, and hot-rolled, pickled, or
blast-cleaned material shall be furnished oiled.

9.4.2 When required, it is permissible to specify as-rolled
material be furnished oiled, or that pickled or blast-cleaned
material be furnished not oiled.

9.5 Edges:
9.5.1 As-rolled material has mill edges. Pickled or blast-

cleaned material has cut edges; if mill-edge material is re-
quired, it must be specified.

9.5.2 When required, it is permissible to specify as-rolled
material to have cut edges.

10. Inspection

10.1 When the purchaser’s order stipulates that inspection
and chemical tests (except product analyses) for acceptance of
the steel be made prior to shipment from the mill, the
manufacturer shall afford the purchaser’s inspector all reason-
able facilities to determine that the steel is being furnished in
accordance with this specification. Steel sheet and strip prod-
ucts subject to the purchaser’s inspection and sampling are
customarily inspected and sampled in conjunction with the
manufacturer’s inspection and sampling operations.

TABLE 2 Standard Thickness Tolerances for Heavy-Thickness Hot-Rolled Sheet (Carbon and High-Strength Low-Alloy Steel)— 3⁄8-in.
(Cut Edge) and 3⁄4-in. (Mill Edge) Minimum Edge Distance (Coils Only)

NOTE 1—Thickness is measured at any point across the width not less than3⁄8 in. from a cut edge and not less than3⁄4 in. from a mill edge. This table
does not apply to the uncropped ends of mill edge coils.

NOTE 2—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over
and under.

NOTE 3—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80
mm]. The tip of the spindle shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

Specified Width, in.

Thickness Tolerances Over, in., No Tolerance Under

Specified Minimum Thickness, in.

0.180 to
0.229, incl

0.230 to
0.313, incl

Over 0.313 to
0.375, incl

Over 0.375 to
0.500, incl

Over 0.500 to
0.625, incl

Over 0.625 to
1.000, incl

Over 12 to 20, incl A 0.020 0.024 0.028 0.030 0.032
Over 20 to 40, incl A 0.022 0.024 0.028 0.030 0.032
Over 40 to 48, incl A 0.024 0.026 0.028 0.030 0.032
Over 48 to 60, incl 0.020 0.024 0.028 0.030 0.032 0.034
Over 60 to 72, incl 0.022 0.026 0.030 0.032 0.036 0.038
Over 72 0.024 0.030 0.032 0.036 0.038 0.040

A Product not available in this size range.
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11. Rejection and Rehearing

11.1 Material that is reported to be defective subsequent to
the acceptance at the purchaser’s works shall be set aside,
adequately protected, and correctly identified. The manufac-
turer shall be notified as soon as possible so that an investiga-
tion may be initiated.

11.2 Samples that are representative of the rejected material
shall be made available to the manufacturer. In the event that
the manufacturer is dissatisfied with the rejection, he may
request a rehearing.

12. Test Reports and Certification

12.1 When test reports are required by the purchase order or
the material specification, the supplier shall report the results of
all tests required by the material specification and the order.

12.2 When certification is required by the purchase order,
the supplier shall furnish a certification that the material has
been manufactured and tested in accordance with the require-
ments of this material specification.

12.3 A signature is not required on test reports or certifica-
tions. However, the document shall clearly identify the orga-
nization submitting the document. Notwithstanding the ab-
sence of a signature, the organization submitting the document
is responsible for the content of the document.

12.4 When test reports are required, copies of the original
material manufacturer’s test report shall be included with any
subsequent test report.

12.5 A Material Test Report, Certificate of Inspection, or
similar document printed from or used in electronic form from
an electronic data interchange (EDI) transmission shall be
regarded as having the same validity as a counterpart printed in

TABLE 3 Restricted Thickness Tolerances for Heavy-Thickness Hot-Rolled Sheet (Carbon and High-Strength Low-Alloy Steel)— 5⁄8-in.
(Cut Edge) and 1-in. (Mill Edge) Minimum Edge Distance (Coils Only)

NOTE 1—Thickness is measured at any point across the width not less than5⁄8 in. from a cut edge and not less than 1 in. from a mill edge. This table
does not apply to the uncropped ends of mill edge coils.

NOTE 2—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over
and under.

NOTE 3—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80
mm]. The tip of the spindle shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

NOTE 4—This table was constructed by multiplying the values in the standard table by 0.75 and rounding to 3 decimal places using standard ASTM
practice.

Specified Width, in.

Thickness Tolerances Over, in., No Tolerance Under

Specified Minimum Thickness, in.

0.180 to
0.229, incl

0.230 to
0.313, incl

Over 0.313 to
0.375, incl

Over 0.375 to
0.500, incl

Over 0.500 to
0.625, incl

Over 0.625 to
1.000, incl

Over 12 to 20, incl A 0.015 0.018 0.021 0.022 0.024
Over 20 to 40, incl A 0.016 0.018 0.021 0.022 0.024
Over 40 to 48, incl A 0.018 0.020 0.021 0.022 0.024
Over 48 to 60, incl 0.015 0.018 0.021 0.022 0.024 0.026
Over 60 to 72, incl 0.016 0.020 0.022 0.024 0.027 0.028
Over 72 0.018 0.022 0.024 0.027 0.028 0.030

A Product is not available in this size range.

TABLE 4 Width Tolerances for Heavy-Thickness Mill Edge Sheet
(Coils Only)

NOTE 1—This table does not apply to the uncropped end of mill-edge
coils.

Specified Width, in.
Tolerance Over Specified Width,

in. (No Tolerance Under)

Over 12 to 14, incl 7⁄16

Over 14 to 17, incl 1⁄2
Over 17 to 19, incl 9⁄16

Over 19 to 21, incl 5⁄8
Over 21 to 24, incl 11⁄16

Over 24 to 26, incl 13⁄16

Over 26 to 28, incl 15⁄16

Over 28 to 35, incl 11⁄8
Over 35 to 50, incl 11⁄4
Over 50 to 60, incl 11⁄2
Over 60 to 65, incl 1#
Over 65 to 70, incl 13⁄4
Over 70 to 80, incl 17⁄8
Over 80 2

TABLE 5 Width Tolerances for Heavy-Thickness Cut-Edge Sheet
(Coils Only)

NOTE 1—Heavy-thickness edge cutting results in a bevelled edge. The
width shall be measured on the wide surface of the cut-edge coil.
Depending upon the angle of the bevelled edge cut, the width of the
narrow surface of the cut-edge coil may be less than the minimum ordered
width. The manufacturer must be consulted regarding the capability to
control bevel angle.

Specified Width, in.
Tolerance Over Specified
Width, in. (No Tolerance

Under)

Over 12 to 30, incl !
Over 30 to 48, incl 3⁄16

Over 48 to 60, incl 1⁄4
Over 60 to 80, incl 5⁄16

Over 80 3⁄8

TABLE 6 Camber Tolerances for Heavy-Thickness Sheet
(Coils Only)

NOTE 1—Camber is the deviation of a side edge from a straight line.
Such a deviation is measured by placing a straightedge on the concave
side and measuring the greatest distance between the sheet edge and the
straightedge.

Camber should not exceed 1 in. in any 20 ft of length.

A 635/A 635M – 04e1

4



the certifier’s facility. The content of the EDI transmitted
document must meet the requirements of the invoked ASTM
standard(s) and conform to any existing EDI agreement be-
tween the purchaser and the supplier. Notwithstanding the
absence of a signature, the organization submitting the EDI
transmission is responsible for the content of the report.

NOTE 2—The industry definition as invoked here is as follows: EDI is
the computer to computer exchange of business information in an agreed
upon standard format such as ANSI ASC X12.

13. Product Marking

13.1 As a minimum requirement, the material shall be
identified by having the manufacturer’s name, ASTM designa-

tion, grade, weight, purchaser’s order number, and material
identification legibly marked on a tag attached to each coil or
shipping unit.

13.2 When specified in the contract or order, and for direct
procurement by or direct shipment to the government, marking
for shipment, in addition to requirements specified in the
contract or order, shall be in accordance with MIL-STD-129
for military agencies and in accordance with Fed. Std. No. 123
for civil agencies.

13.3 For government procurement by the Defense Supply
Agency, strip material shall be continuously marked for iden-
tification in accordance with Fed. Std. No. 183.

13.4 Bar coding is acceptable as a supplementary identifi-
cation method. Bar coding should be consistent with the
Automotive Industry Action Group (AIAG) standard prepared
by the primary metals subcommittee of the AIAG bar code
project team.

14. Packaging and Package Marking

14.1 Unless otherwise specified, the sheet and strip shall be
packaged and loaded in accordance with Practices A 700.

14.2 When specified in the contract or order, and for direct
procurement by or direct shipment to the government, when
Level A is specified, preservations, packaging, and packing
shall be in accordance with the Level A requirements of
MIL-STD-163.

14.3 When coils are ordered, it is customary to specify a
minimum or range of inside diameter, maximum outside
diameter, and a maximum coil weight, if required. The ability
of manufacturers to meet the maximum coil weights depends

TABLE 7 Standard Thickness Tolerances for Heavy-Thickness
Hot-Rolled Strip Ordered to Minimum Thickness

(Carbon and High-Strength Low-Alloy Steel)— 3⁄8 in. Minimum
Edge Distance (Coils Only)

NOTE 1—Thickness measurements are taken3⁄8 in. from edge of strip.
These tolerances do not include crown, and, therefore, the tolerances
given in Table 9 are in addition to this table.

NOTE 2—The specified thickness range captions also apply when sheet
is specified to a nominal thickness, and the tolerances are divided equally,
over and under.

NOTE 3—Micrometers used for measurement of thickness shall be
constructed with anvils and spindles having minimum diameters of 0.188
in. [4.80 mm]. The tip of the spindle shall be flat, and the tip of the anvil
shall be flat or rounded with a minimum radius of curvature of 0.10 in.
[2.55 mm]. Micrometers with pointed tips are not suitable for thickness
measurements.

Specified
Width,

in.

Thickness Tolerances, in., No Tolerance Under
Specified Minimum Thickness, in.

0.230 to
0.313,

incl

Over 0.313
to 0.375,

incl

Over 0.375
to 0.500,

incl

Over 0.500
to 0.625,

incl

Over 0.0625
to 1.000,

incl
Over 8 to 12,

incl
0.516 0.018 0.020 0.022 0.024

TABLE 8 Restricted Thickness Tolerances for Heavy-Thickness
Hot-Rolled Strip Ordered to Minimum Thickness

(Carbon and High-Strength Low-Alloy Steel)— 5⁄8-in. Minimum
Edge Distance (Coils Only)

NOTE 1—Thickness measurements are taken5⁄8 in. from edge of strip.
These tolerances do not include crown, and, therefore, the tolerances
given in Table 9 are in addition to this table.

NOTE 2—The specified thickness range captions also apply when sheet
is specified to a nominal thickness, and the tolerances are divided equally,
over and under.

NOTE 3—Micrometers used for measurement of thickness shall be
constructed with anvils and spindles having minimum diameters of 0.188
in. [4.80 mm]. The tip of the spindle shall be flat, and the tip of the anvil
shall be flat or rounded with a minimum radius of curvature of 0.10 in.
[2.55 mm]. Micrometers with pointed tips are not suitable for thickness
measurements.

NOTE 4—This table was constructed by multiplying the values in the
standard table by 0.75 and rounding to 3 decimal places using standard
ASTM practice.

Specified
Width,

in.

Thickness Tolerances, in., No Tolerance Under
Specified Minimum Thickness, in.

0.230 to
0.313,

incl

Over 0.313
to 0.375,

incl

Over 0.375
to 0.500,

incl

Over 0.500
to 0.625,

incl

Over
0.0625 to
1.000, incl

Over 8 to
12, incl

0.012 0.014 0.015 0.016 0.018

TABLE 9 Crown Tolerances for Heavy-Thickness Strip
(Coils Only)

NOTE 1—Strip may be thicker at the center than at a point3⁄8 in. from
the edge by the amount given in this table.

Specified Widths, in.
Crown Tolerances for Specified
Thickness and Width Given, in.

0.2300 to 0.750, incl
Over 8 to 12, incl 0.002

TABLE 10 Width Tolerances for Heavy-Thickness Strip
(Coils Only)

Specified Width, in.

Tolerances for Specified Width for Thickness
Given, Over and Under, in.

Mill Edge
and Square

Edge All
Thicknesses

Slit or Cut
Edge

Over 8 to 12 3⁄16
A

A The manufacturer must be consulted.

TABLE 11 Camber Tolerances for Heavy-Thickness Strip
(Coils Only)

NOTE 1—Camber is the deviation of a side edge from a straight line.
Such a deviation is obtained by placing an 8-ft straightedge on the concave
side and measuring the greatest distance between the strip edge and the
straightedge.

For strip over 8 in. to 12 in., incl 1⁄4 in. in any 8 ft
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upon individual mill equipment. When required, minimum coil
weights are subject to negotiation.

15. Keywords

15.1 carbon commercial; drawing; heavy thickness coils;
high-strength low-alloy; high-strength low-alloy with im-
proved formability; sheet steel; strip steel

ANNEX

(Mandatory Information)

A1. PERMISSIBLE VARIATIONS IN DIMENSIONS AND MASS IN SI UNITS

A1.1 Listed in Tables A1.1-A1.10 are permissible varia-
tions in dimensions and mass expressed in the International

System of Units (SI) terminology.

TABLE A1.1 Standard Thickness Tolerances [Metric] for Heavy-Thickness Hot-Rolled Sheet Ordered to Minimum Thickness (Carbon
and High-Strength Low-Alloy Steel)—10-mm (Cut Edge) and 20-mm (Mill Edge) Minimum Edge Distance (Coils Only)

NOTE 1—Thickness is measured at any point across the width not less than 10 mm from a cut edge and not less than 20 mm from a mill edge. This
table does not apply to the uncropped ends of mill edge coils.

NOTE 2—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over
and under.

NOTE 3—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80
mm]. The tip of the spindle shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

Specified Width, mm

Thickness Tolerances, mm, No Tolerance Under

Specified Minimum Thickness, mm

From 4.5 to 6.0,
incl

Over 6.0 to 8.0,
incl

Over 8.0 to 10.0,
incl

Over 10.0 to 12.5,
incl

Over 12.5 to 16.0,
incl

Over 16.0 to 25.0,
incl

Over 300 to 600, incl A 0.56 0.60 0.64 0.70 0.76
Over 600 to 1200, incl A 0.60 0.64 0.70 0.76 0.80
Over 1200 to 1500, incl 0.50 0.60 0.70 0.76 0.80 0.84
Over 1500 to 1800, incl 0.56 0.64 0.76 0.80 0.90 0.96
Over 1800 0.60 0.72 0.80 0.90 0.96 1.00

A Product not available in this size range.
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TABLE A1.2 Restricted Thickness Tolerances [Metric] for Heavy-Thickness Hot-Rolled Sheet Ordered to Minimum Thickness (Carbon
and High-Strength Low-Alloy Steel)—15-mm (Cut Edge) and 25-mm (Mill Edge) Minimum Edge Distance (Coils Only)

NOTE 1—Thickness is measured at any point across the width not less than 15 mm from a cut edge and not less than 25 mm from a mill edge. This
table does not apply to the uncropped ends of mill edge coils.

NOTE 2—The specified thickness range captions also apply when sheet is specified to a nominal thickness, and the tolerances are divided equally, over
and under.

NOTE 3—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80
mm]. The tip of the spindle shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

NOTE 4—This table was constructed by multiplying the values in the standard table by 0.75 and rounding to 2 decimal places using standard ASTM
practice.

Specified Width, mm

Thickness Tolerances, mm, No Tolerance Under

Specified Minimum Thickness, mm

From 4.5 to 6.0,
incl

Over 6.0 to 8.0,
incl

Over 8.0 to 10.0,
incl

Over 10.0 to 12.5,
incl

Over 12.5 to 16.0,
incl

Over 16.0 to 25.0,
incl

Over 300 to 600, incl A 0.42 0.45 0.48 0.52 0.57
Over 600 to 1200, incl A 0.45 0.48 0.52 0.57 0.60
Over 1200 to 1500, incl 0.38 0.45 0.52 0.57 0.60 0.63
Over 1500 to 1800, incl 0.42 0.48 0.57 0.60 0.68 0.72
Over 1800 0.45 0.54 0.60 0.68 0.72 0.75

A Product not available in this size range.

TABLE A1.3 Width Tolerances for Heavy-Thickness Mill-Edge
Sheet Steel (Coils Only)

NOTE 1—This table does not apply to the uncropped end of mill-edge
coils.

Specified Width, mm Width Tolerance,
Plus Only, mmOver Through

300 600 16
600 1200 28

1200 1500 38
1500 1800 45
1800 . . . 50

TABLE A1.4 Width Tolerances for Heavy-Thickness Cut-Edge
Sheet Steel (Coils Only)

Specified Width, mm Width Tolerance, Plus
Only, mmOver Through

300 600 3
600 1200 5

1200 1500 6
1500 1800 8
1800 . . . 10

TABLE A1.5 Camber Tolerances for Heavy-Thickness Sheet
Steel (Coils Only)

NOTE 1—Camber is the deviation of a side edge from a straight line.
Such a deviation is measured by placing a straightedge on the concave
side and measuring the greatest distance between the sheet edge and the
straightedge.

Camber should not exceed 25 mm in any 6000 mm of length
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TABLE A1.6 Standard Thickness Tolerances [Metric] for Heavy-Thickness Hot-Rolled Strip Ordered to Minimum Thickness (Carbon
and High-Strength Low-Alloy Steel)—10-mm Minimum Edge Distance (Coils Only)

NOTE 1—Thickness measurements for this table are taken 10 mm from the edge of the strip. These tolerances do not include crown, and, therefore,
the tolerances given in Table A1.8 are in addition to those in this table.

NOTE 2—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80
mm]. The tip of the spindle shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

Specified Width, mm

Thickness Tolerances, mm, No Tolerance Under
Specified Nominal Thickness, mm

From 6.0 to
8.0, incl

Over 8.0 to
12.5, incl

Over 12.5
to 16.0,
incl

Over 16.0 to
25.0, incl

Over 200 to 300, incl 0.40 0.50 0.55 0.60

TABLE A1.7 Restricted Thickness Tolerances [Metric] for Heavy-Thickness Hot-Rolled Strip Ordered to Minimum Thickness (Carbon
and High-Strength Low-Alloy Steel)—15-mm Minimum Edge Distance (Coils Only)

NOTE 1—Thickness measurements for this table are taken 15 mm for the edge of the strip. These tolerances do not include crown, and, therefore, the
tolerance given in Table A1.8 are in addition to those in this table.

NOTE 2—Micrometers used for measurement of thickness shall be constructed with anvils and spindles having minimum diameters of 0.188 in. [4.80
mm]. The tip of the spindle shall be flat, and the tip of the anvil shall be flat or rounded with a minimum radius of curvature of 0.10 in. [2.55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

NOTE 3—This table was constructed by multiplying the values in the standard table by 0.75 and rounding to 2 decimal places using standard ASTM
practice.

Specified Width, mm

Thickness Tolerances, mm, No Tolerance Under
Specified Minimum Thickness, mm

From 6.0 to
8.0, incl

Over 8.0 to
12.5, incl

Over 12.5 to
16.0, incl

Over 16.0 to
25.0, incl

Over 200 to 300, incl 0.30 0.38 0.41 0.45

TABLE A1.8 Crown Tolerances for Heavy-Thickness Strip Steel
(Coils Only)

NOTE 1—Strip may be thicker at the center than at a point 10.0 mm
from the edge by the amount given in the table.

Specified Widths, mm
Crown Tolerances for

Specified Thickness and
Width Given, mm

Over Through Over 6.0 to 19, incl

200 300 0.05

TABLE A1.9 Width Tolerances for Heavy-Thickness Strip
(Coils Only)

Specified Widths, mm
Tolerances for Specified Width for Thickness

Given, Plus and Minus, mm

Over Through Mill Edge and Square
Edge, All Thicknesses

Slit or Cut
Edge

200 300 5 A

A The manufacturer must be consulted.
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SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes made to this standard since the last issue,
A 635/A 635M-02, that may impact the use of this standard. (Approved March 1, 2004.)

(1) Revised title.
(2) Revised Section 1.1.
(3) Added new Section 1.2.
(4) Added new Section 1.3.
(5) Deleted references to Specifications A 6/A 6M and
A 568/A 568M in the Referenced Documents section.
(6) Added Specifications A 1018/A 1018M, A 370, E 11,
E 29, and E 59 to the Referenced Documents section.
(7) Replaced Section 3.1.1.

(8) Deleted Ordering Information section.
(9) Added new Sections 6.1.1, 6.2.3, and 6.3.
(10) Deleted Sections 7.1 through 7.4.
(11) Revised Sections 9.1 through 9.5.
(12) Added new table, Tolerances for Product Analysis.
(13) Added new Section 15, Keywords.
(14) Deleted Tables 1 and 2 on Chemical Composition.
(15) Renumbered remaining inch-pound tolerance 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).

TABLE A1.10 Camber Tolerances for Heavy-Thickness Strip
(Coils Only)

NOTE 1—Camber is the deviation of a side edge from a straight line.
Such a deviation is obtained by placing a 2000-mm straightedge on the
concave side and measuring the greatest distance between the strip edge
and the straightedge.

For strip over 200 mm to 300 mm, incl 5 mm in any 2000 mm
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Designation: A 638/A 638M – 00

Standard Specification for
Precipitation Hardening Iron Base Superalloy Bars,
Forgings, and Forging Stock for High-Temperature Service 1

This standard is issued under the fixed designation A 638/A 638M; 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 specification2 covers hot-finished or cold-finished
precipitation hardening iron base superalloy bars, forgings, and
forging stock for high-temperature service. The mechanical
properties of these alloys are developed by suitable solution
treating and precipitation hardening treatments.

1.2 Two grades of iron base alloy are covered. Selection will
depend upon design, service conditions, mechanical properties,
and elevated temperature characteristics.

1.3 The values stated in either inch-pound units or SI
(metric) units are to be regarded separately as standards; within
the text and tables, the SI units are shown in [brackets]. The
values stated in each system are not exact equivalents; there-
fore, each system must be used independent of the other.
Combining values from the two systems may result in noncon-
formance with the specification.

1.4 Unless the order specifies an “M” designation, the
material shall be furnished to inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:
A 484/A484M Specification for General Requirements for

Stainless Steel Bars, Billets and Forgings3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products4

E 30 Test Methods for Chemical Analysis of Steel, Cast
Iron, Open-Hearth Iron, and Wrought Iron5

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight or number of pieces),
3.1.2 Name of material (precipitation hardening iron base

superalloy),
3.1.3 Form (bars, forgings, and forging stock),
3.1.4 Dimensions (in the case of rough or finished forgings

the order shall be accompanied by a print or drawing or
otherwise adequately described as to the shape and dimension),

3.1.5 Grade designation (Table 1),
3.1.6 Condition (Section 5),
3.1.7 Finish (Section 3),
3.1.8 Mechanical requirements (Section 8),
3.1.9 ASTM designation, and
3.1.10 Special requirements.

4. General Requirements

4.1 In addition to the requirements of this specification, all
requirements of the current edition of Specification A 484/
A 484M shall apply. Failure to comply with the general
requirements of Specification A 484/A 484M constitutes non-
conformance with this specification.

5. Condition

5.1 The product forms covered in this specification may be
furnished in one of the following conditions:

5.1.1 Hot-finished,
5.1.2 Solution treated (Grade 660 only—Type 1 or Type 2

solution treatment as specified),
5.1.3 Solution and precipitation treated (Grade 660 only—

Type 1 or Type 2 solution treatment as specified), or
5.1.4 Other as specified.

6. Heat Treatment

6.1 Samples cut from bars, forgings, or a sample forged
from the forging stock shall conform to the mechanical
properties of Table 1 and Table 2 when heat treated as
prescribed in Table 3.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved March 10, 2000. Published May 2000. Originally
published as A 638 – 70. Last previous edition A 638/A 638M – 95.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SA-638 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 01.03.
5 Annual Book of ASTM Standards, Vol 03.05.

1
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6.2 When a sample cut from the forging stock and heat
treated as prescribed in Table 2 conforms to the properties in
Table 3 and Table 4, it shall be accepted as equivalent to a
forged coupon.

7. Chemical Composition

7.1 The steel shall conform to the requirements for chemical
composition specified in Table 4.

7.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751, except that for
remelt material, product analysis tolerances may be used to
determine conformance to this specification.

7.3 For referee purposes, Test Methods E 30 shall be used.
7.4 Methods and practices relating to chemical analysis

required by this specification shall be in accordance with Test
Methods, Practices, and Definitions A 751, except that for

TABLE 1 Mechanical Property Requirements

Grade 660 Grade 662 (bars) Grade 662 (forgings)A

Heat treatmentB solution + precipitation
harden

solution + precipitation
harden

solution + precipitation
harden

Tensile strength, min:
psi 130 000 130 000 125 000
[MPa] [895] [895] [860]

Yield strength (0.2 % offset), min:
psi 85 000 85 000 80 000
[MPa] [585] [585] [550]

Elongation in 4D min, % 15 15 15
Reduction of area min, % 18 18 18
Brinell hardness 248 min 248 min 248 min

A The elongation of tensile specimens machined tangentially from near the center of large disk forgings over 50 in.2[320 cm 2] in cross section may be as low as 10 %.
The reduction of area may be as low as 12 %.

B Refer to Table 2 of heat treatment.

TABLE 2 Stress-Rupture Requirements

Grade Heat TreatmentA Test Temperature Stress Minimum
HoursB

Minimum
Elongation, %

°F [°C] psi [MPa]

660 solution + precipitation harden 1200 [650] 65 000 [450] 23 3
662 solution + precipitation harden 1200 [650] 60 000 [415] 15 3

A Refer to Table 2 for details of heat treatment.
B Test specimens meeting minimum requirements may be overloaded to produce rupture in a reasonable and practical time period.

TABLE 3 Heat Treatment

Grade Solution Treatment Precipitation Hardening
TreatmentA

660 Type 1
1650 6 25°F [900 6 15°C], 1300 to 1400°F [705 to

hold 2 hr, oil or water 760°C], hold 16 h, air cool or
quench furnace cool

660 Type 2
1800 6 25°F [980 6 15°C], 1300 to 1400°F [705 to

hold 1 h, oil or water 760°C], hold 16 h, air cool or
quench furnace cool

662 1750 to 1900°F [955 to 1250 to 1400°F [675 to
1040°C] hold 1 h, min, oil or 760°C], hold 5 h, min, slow
water quench cooling in 5 h, min to 1200

6 15°F [650 6 10°C], hold
20 h, min, air cool or furnace
cool

A Times refer to the minimum time material is required to be at temperature.

TABLE 4 Chemical Requirements

Grade 660 (UNS S 66286)A Grade 662 (UNS S 66220)A

Ladle Analysis
Range, %

Check Analysis Over
or Under

Ladle Analysis
Range, %

Check Analysis Over
or Under

Carbon 0.08 max 0.01 over 0.08 max 0.01 over
Manganese 2.00 max 0.04 over 1.50 max 0.04
Silicon 1.00 max 0.05 over 1.00 max 0.05
Phosphorus 0.040 max 0.005 over 0.040 max 0.005 over
Sulfur 0.030 max 0.005 over 0.030 max 0.005 over
Chromium 13.50–16.00 0.20 12.00–15.00 0.15
Nickel 24.00–27.00 0.20 24.00–28.00 0.20
Molybdenum 1.00–1.50 0.05 2.50–3.50 0.10
Titanium 1.90–2.35 0.05 1.55–2.00 0.05
Copper ... ... 0.50 max 0.03 over
Aluminum 0.35 max 0.05 over 0.35 max 0.05 over
Vanadium 0.10–0.50 0.03 ... ...
Boron 0.0010–0.010 0.0004 under 0.0010–0.010 0.0004 under

0.001 over 0.001 over
A New designation established in accordance with Practice E 527 and SAE J 1086.
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remelt material, product analysis tolerances may be used to
determine conformance to this specification.

8. Mechanical Properties

8.1 The material shall conform to the mechanical property
requirements specified in Table 1 after heat treatment as
described in Table 3.

8.2 The material shall meet the requirements as to stress-
rupture properties specified in Table 2 at the test temperature
indicated after heat treatment as described in Table 3.

8.3 When specified in the ordering information (3.1.8),
material may be ordered without stress-rupture testing. Mate-
rial not stress-rupture tested shall be permanently stamped NR
(See Section 10).

9. Metallurgical Properties

9.1 When specified, the grain size shall be 1 or finer.

10. Product Marking
10.1 Unless otherwise specified on the purchase order, each

bundle shall be properly tagged with metal tags showing the
purchase order number, heat number, name of alloy (or grade),
“NR” when material has not been stress-rupture tested,
specification number, and size.

10.1.1 Bars 1 in. [25 mm] and over in diameter, or 1 in. [25
mm] and over in thickness between parallel sides, shall be
stamped with the heat number,and if not stress-rupture tested,
with the letters “NR” within approximately 2 in. [50 mm] of
one end. Smaller sizes shall be boxed or bundled and identified
with metal tags as described in 10.1.

10.1.2 Forgings shall be identified as agreed upon between
the seller and the purchaser.

11. Keywords
11.1 precipitation hardening superalloy steel; superalloy

steel bars; superalloy steel billets; superalloy steel forgings;
temperature service applications—high

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).

A 638/A 638M – 00

3



Designation: A 659/A 659M – 97 (Reapproved 2001)

Standard Specification for
Commercial Steel (CS), Sheet and Strip, Carbon (0.16
Maximum to 0.25 Maximum Percent), Hot-Rolled 1

This standard is issued under the fixed designation A 659/A 659M; 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 hot-rolled carbon steel (CS)
sheet and strip, in coils and cut lengths, in which the maximum
of the specified carbon range is over 0.15 and not over 0.25 %
and the maximum of the specified manganese range is not over
0.90 %. This material is ordered to chemical composition.

1.2 This specification is not applicable to the steels covered
by Specification A 635/A 635M.

1.3 The values stated in either acceptable SI (metric) units
or in other units shall be regarded separately as standard. The
values stated in each system may not be exact equivalents;
therefore, each system must be used independently of the other,
without combining values in any way.

2. Referenced Documents

2.1 ASTM Standards:
A 568/A 568M Specification for Steel, Sheet, Carbon and

High-Strength, Low-Alloy, Hot-Rolled and Cold-Rolled,
General Requirements for2

A 635/A 635M Specification for Steel, Sheet and Strip,
Heavy-Thickness Coils, Carbon, Hot-Rolled2

A 749/A 749M Specification for Steel, Strip, Carbon and
High-Strength, Low-Alloy, Hot-Rolled, General Require-
ments for2

E 527 Practice for Numbering Metals and Alloys3

2.2 Society of Automotive Engineers Standard:4

J 1086 Numbering Metals and Alloys

3. Ordering Information

3.1 It is the purchaser’s responsibility to specify in the
purchase order all ordering information necessary to purchase

the needed material. Examples of such information include but
are not limited to the following:

3.1.1 ASTM specification number and year of issue,
3.1.2 Name of material (hot-rolled commercial steel (CS)

sheet, or hot-rolled commercial steel (CS) strip),
3.1.3 Grade designation or chemical composition, or both,
3.1.4 Copper-bearing steel (if required),
3.1.5 Condition (as-rolled, pickled, or blast cleaned) (see

4.1),
3.1.5.1 Material to this specification is furnished in the

hot-rolled condition. Pickled (or blast cleaned) must be speci-
fied if required,

3.1.6 Oiling (see 7.2),
3.1.7 Edges (see 7.1),
3.1.8 Dimensions (thickness, width, and whether cut lengths

or coils),
3.1.8.1 As agreed upon between the purchaser and the

producer, material ordered to this specification will be supplied
to meet the appropriate standard or restricted thickness toler-
ance table shown in Specification A 568/A 568M.

NOTE 1—Not all producers are capable of meeting all of the limitations
of the thickness tolerance tables in Specification A 568/A 568M. The
purchaser should contact the producer regarding possible limitations prior
to placing an order.

3.1.9 Coil size (must include inside diameter, outside diam-
eter, and maximum mass),

3.1.10 Quantity,
3.1.11 Application (show part identification and descrip-

tion),
3.1.12 Special requirements (if required), and
3.1.13 Cast or heat analysis report (request, if required).

NOTE 2—A typical ordering description is as follows:
“ASTM A659-XX [or A659M-XX], Hot-Rolled Commercial Steel (CS)
Sheet, Grade 1017, Pickled and Oiled, Cut Edge, 0.075 by 36 in. [or 1.85
by 900 mm], by coil, ID 24 in., OD 48 in., max weight 11 250 lb max [or
ID 600 mm, OD 1200 mm, max, weight 7500 kg, max], 100 000 lb [or 45
000 kg] for Part No. 6509, Shelf Leg, Cast or heat analysis report
required.”

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved March 10, 1997. Published November 1997. Originally
published as A 659 – 72. Last previous edition A 659/A 659M – 96.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.01.
4 Available from Society of Automotive Engineers, 400 Commonwealth Dr.,

Warrendale, PA 15096.

1
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4. Materials and Manufacture

4.1 Condition—Unless otherwise specified, the material is
furnished in the as-rolled condition (not annealed or pickled).

5. Chemical Composition

5.1 The Cast or Heat Analysisof the steel shall conform to
the chemical requirements shown in Table 1, or chemical
compositions can be specified from carbon 0.16 maximum to
0.25 % maximum, inclusive, and manganese 0.90 % maxi-
mum, inclusive, which conform to the ranges and limits in
Appendix X1 of Specifications A 568/A 568M and A 749/A
749M.

5.1.1 Unspecified elements may be present. Limits on ele-
ments shall be as stated in Table 2.

5.1.1.1 Each of the elements listed in Table 2 shall be
included in the report of the heat analysis. When the amount of
copper, nickel, chromium, or molybdenum is less than 0.02 %,
the analysis may be reported as “<0.02 %.” When the amount
of vanadium or columbium is less than 0.008 %, the analysis
may be reported as “<0.008 %.”

5.2 Where material is used for fabrication by welding, care
must be exercised in selection of the chemical composition to
assure compatibility with the welding process and its effect on
altering the properties of the steel.

6. Bending Properties

6.1 The minimum forming radius (radii) that steel covered
by this specification can be expected to sustain is listed in the
appendix and is discussed in more detail in Specifications
A 568/A 568M, and A 749/A 749M. When tighter bend radii

are required, or curved or offset bends are involved, or when
stretching or drawing are also a consideration, the producers
shall be consulted.

7. Workmanship, Finish, and Appearance

7.1 Edge:
7.1.1 Sheet can be supplied with mill edge or cut edge.
7.1.2 Strip can be supplied with mill edge or slit (cut) edge.
7.2 Oiling—Hot-rolled, non-pickled material is commonly

furnished not oiled, while hot-rolled pickled (or blast cleaned)
material is commonly furnished oiled. When required, pickled
(or blast cleaned) material may be specified to be furnished not
oiled, and non-pickled material may be specified to be fur-
nished oiled.

8. General Requirements for Delivery

8.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification A 568/A 568M for sheet, and Specification
A 749/A 749M for strip, unless otherwise provided herein.

9. Certification and Reports

9.1 When requested, the producer shall furnish copies of a
report showing test results of the cast or heat analysis. The
report shall include the purchase order number, the ASTM
designation number, and the cast or heat number representing
the material.

10. Keywords

10.1 carbon steel sheet; carbon steel strip; hot rolled steel
sheet; hot rolled steel strip; steel sheet; steel strip

TABLE 1 Typical Grade Designations and Chemical Compositions A

UNS DesignationB Grade Designation Carbon, % Manganese, % Phosphorus, max, % Sulfur, max, %

G10150 1015 0.12–0.18 0.30–0.60 0.030 0.035
G10160 1016 0.12–0.18 0.60–0.90 0.030 0.035
G10170 1017 0.14–0.20 0.30–0.60 0.030 0.035
G10180 1018 0.14–0.20 0.60–0.90 0.030 0.035
G10200 1020 0.17–0.23 0.30–0.60 0.030 0.035
G10210 1021 0.17–0.23 0.60–0.90 0.030 0.035
G10230 1023 0.19–0.25 0.30–0.60 0.030 0.035

A Copper, when specified, shall have a minimum content of 0.20 % by cast or heat analysis.
B Designation established in accordance with Practice E 527 and SAE J 1086.
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APPENDIX

(Nonmandatory Information)

X1. BENDING PROPERTIES

X1.1 Table X1.1 shows suggested minimum inside radii for
cold bending.

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 Limits on Unspecified Elements (see 5.1.1)

Copper, max %A Heat analysis
Product analysis

0.20
0.23

Nickel, max %A Heat analysis
Product analysis

0.20
0.23

Chromium, max %A Heat analysis
Product analysis

0.15
0.19

Molybdenum, max %A Heat analysis
Product analysis

0.06
0.07

Vanadium, max % Heat analysis
Product analysis

0.008
0.018

Columbium, max % Heat analysis
Product analysis

0.008
0.018

A The sum of copper, nickel, chromium, and molybdenum shall not exceed
0.50 % on heat analysis. When one or more of these elements are specified, the
sum does not apply; in which case, only the individual limits on the remaining
unspecified elements will apply.

TABLE X1.1 Suggested Minimum Inside Radii for Cold Bending A

NOTE 1—(t) equals a radius equivalent to the steel thickness.
NOTE 2—The suggested radii should be used as minimums for 90°

bends in actual shop practice.

Maximum of Specified
Manganese Range, %

Minimum Inside Radius for Cold
Bending

To 0.60 incl. 2 t
Over 0.60 to 0.90 incl. 21⁄2 t

A Material that does not perform satisfactorily, when fabricated in accordance
with the above requirements, may be subject to rejection pending negotiation with
the steel supplier.

A 659/A 659M – 97 (2001)
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Designation: A 666 – 03

Standard Specification for
Annealed or Cold-Worked Austenitic Stainless Steel Sheet,
Strip, Plate, and Flat Bar 1

This standard is issued under the fixed designation A 666; 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 austenitic stainless steels in the
annealed and normally required cold-worked conditions for
various structural, architectural, pressure vessel, magnetic,
cryogenic, and heat-resisting applications. (This revision of
Specification A 666 replaces prior Specifications A 412 and
A 177.)

1.2 The application of this specification, or the use of
material covered by this specification does not automatically
allow usage in pressure vessel applications. Only annealed
conditions of grades specifically approved by the ASME code
are permitted for pressure vessel use.

1.3 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:2

A 240/A 240M Specification for Chromium and
Chromium-Nickel Stainless Steel Plate, Sheet, and Strip
for Pressure Vessels and for General Applications

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 480/A 480M Specification for General Requirements for
Flat-Rolled Stainless and Heat-Resisting Steel Plate,
Sheet, and Strip

A 484/A 484M Specification for General Requirements for
Stainless Steel Bars, Billets, and Forgings

3. Material Test Report and Certification

3.1 In addition to the requirements of Specification A 480/
A 480M, the cold-worked condition (annealed,1⁄4 H, 1⁄2 H, and
so forth) shall be noted.

4. Chemical Composition

4.1 The steel shall conform to the requirements as to
chemical composition specified in Table 1, and shall conform
to applicable requirements specified in the current edition of
Specification A 480/A 480M.

5. Mechanical Properties

5.1 The material shall conform to the mechanical properties
specified in Table 2 and Table 3, or Table 2 and Table 4.

6. General Requirements

6.1 The following requirements for orders for material
furnished under this specification shall conform to the appli-
cable requirements of the current edition of Specification
A 480/A 480M or A 484/A 484M:

6.1.1 Definitions,
6.1.2 General requirements for delivery,
6.1.3 Ordering information,
6.1.4 Process,
6.1.5 Special tests,
6.1.6 Heat treatment,
6.1.7 Dimensions and permissible variations,
6.1.8 Workmanship, finish and appearance,
6.1.9 Number of tests/test methods,
6.1.10 Specimen preparation,
6.1.11 Retreatment,
6.1.12 Inspection,
6.1.13 Rejection and rehearing,
6.1.14 Material test report,
6.1.15 Certification, and
6.1.16 Packaging, marking, and loading.

7. Sampling

7.1 Tension and bend-test specimens of sheet, strip, and
plate products shall be selected from finished material and shall
be selected in the transverse direction, except in the case of
strip under 9 in. (229 mm) in width, in which case tension test
specimens shall be selected in the longitudinal direction.

7.2 Flat bar tension and bend-test specimens shall be se-
lected from the finished material and shall be in the longitudi-
nal direction.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat-Rolled and Wrought Stainless Steel.

Current edition approved Oct. 1, 2003. Published October 2003. Originally
approved in 1972. Last previous edition approved in 2000 as A 666 – 00.

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.
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7.3 Corrosion samples, if required, shall be taken from
material after final annealing and descaling and prior to cold
working.

8. Number of Tests

8.1 For cold-worked product produced in coil form, one
tension test shall be made from each end of each coil. One bend
test shall be made from one end of each coil.

8.2 For cold-worked flat bar and plate products, two tension
test and one bend test shall be made on each size of flat bar and
each thickness of plate from each heat in a lot annealed in a
single charge or under the same conditions in a continuous
furnace.

8.3 Annealed material produced to Table 2 requirements
shall be tested in accordance with Specification A 480/
A 480M.

9. Test Methods

9.1 Tension Test:
9.1.1 The yield strength shall be determined by the offset

method as described in Test Methods and Definitions A 370.
An alternative method of determining field strength may be
used based on the following total extension under load:

Yield Strength, min. psi Total Extension under Load in 2 in.
Gage Length, incl.

45 000 0.0071
75 000 0.0098

110 000 0.0125

135 000 0.0144
140 000 0.0148

9.1.2 The requirement of this specification for yield strength
will be considered as having been fulfilled if the extension
under load for the specified yield strength does not exceed the
specified values. The values obtained in this manner should
not, however, be taken as the actual yield strength for 0.2 %. In
case of dispute, the offset method of determining yield strength
shall be used.

9.2 Bend Test:
9.2.1 Bend-test specimens shall withstand cold bending

without cracking when subjected to either the free-bend
method or the controlled-bend (V-block) method at the condi-
tion specified by Table 3 or Table 4, respectively. Specimens
shall be bent around a diameter equal to the product of the bend
factor times the specified thickness of the test specimen. The
choice of test method for materials in conditions other than
annealed shall be at the option of the seller.

9.2.2 Free-bend test specimens shall be bent cold, either by
pressure or by blows. However, in the case of dispute, tests
shall be made by pressure.

9.2.3 Controlled-bend (V-block) test specimens shall be
bent cold by means of V-blocks or a mating punch and die
having an included angle of 45° and with proper curvature of
surface at the bend areas to impart the desired shape and
diameter of bend to the specimen.

TABLE 1 Chemical Composition Requirements A

Type UNS
Designation

Composition, %B

Carbon Manganese Phosphorus Sulfur Silicon Chromium Nickel Other
Elements

201 S20100 0.15 5.5–7.5 0.060 0.030 0.75 16.0–18.0 3.5–5.5 N 0.25
201L S20103 0.03 5.5–7.5 0.045 0.030 0.75 16.0–18.0 3.5–5.5 N 0.25
201LN S20153 0.03 6.4–7.5 0.045 0.015 0.75 16.0–17.5 4.0–5.0 N 0.10–0.25

Cu 1.00
202 S20200 0.15 7.5–10.0 0.060 0.030 0.75 17.0–19.0 4.0–6.0 N 0.25
. . . S20400 0.030 7.0–9.0 0.040 0.030 1.00 15.0–17.0 1.50–3.00 N 0.15–0.30
205 S20500 0.12–0.25 14.0–15.0 0.060 0.030 0.75 16.5–18.0 1.00–1.75 N 0.32–0.40
301 S30100 0.15 2.00 0.045 0.030 1.00 16.0–18.0 6.0–8.0 N 0.10
301L S30103 0.03 2.00 0.045 0.030 1.00 16.0–18.0 6.0–8.0 N 0.20
301LN S30153 0.03 2.00 0.045 0.030 1.00 16.0–18.0 6.0–8.0 N 0.07–0.20
302 S30200 0.15 2.00 0.045 0.030 0.75 17.0–19.0 8.0–10.0
304 S30400 0.08 2.00 0.045 0.030 0.75 18.0–20.0 8.0–10.5 N 0.10
304L S30403 0.030 2.00 0.045 0.030 0.75 18.0–20.0 8.0–12.0 N 0.10
304N S30451 0.08 2.00 0.045 0.030 0.75 18.0–20.0 8.0–10.5 N 0.10–0.16
304LN S30453 0.030 2.00 0.045 0.030 0.75 18.0–20.0 8.0–12.0 N 0.10–0.16
316 S31600 0.08 2.00 0.045 0.030 0.75 16.0–18.0 10.0–14.0 Mo 2.00–3.00
316L S31603 0.030 2.00 0.045 0.030 0.75 16.0–18.0 10.0–14.0 Mo 2.00–3.00
316N S31651 0.08 2.00 0.045 0.030 0.75 16.0–18.0 10.0–14.0 Mo 2.00–3.00

N 0.10–0.16
XM–11
XM–14

S21904
S21460

0.04
0.12

8.0–10.0
14.0–16.0

0.060
0.060

0.030
0.030

0.75
0.75

19.0–21.5
17.0–19.0

5.5–7.5
5.0–6.0

N 0.15–0.40
N 0.35–0.50

A Types XM–10 and XM–19, which appeared in Specification A 412, do not appear as XM–10 is no longer produced and XM–19 is covered in Specification A 240/A
240M.

B Maximum unless otherwise indicated.

A 666 – 03
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TABLE 2 Tensile Property Requirements A

Annealed

Type
UNS

Designation

Tensile Strength, min Yield Strength, min Elongation in
2 in. or 50 mm,

min, %

Hardness, max

psi MPa psi MPa Brinell Rockwell B

201–1B S20100 75 000 515 38 000 260 40 217 95
Class 1

201–2 S20100 95 000 655 45 000 310 40 241 100
Class 2

201L S20103 95 000 655 38 000 260 40 217 95
201LN S20153 95 000 655 45 000 310 45 241 100
202 S20200 90 000 620 38 000 260 40 241 . . .
. . . S20400 95 000 655 48 000 330 35 241 100
205 S20500 115 000 790 65 000 450 40 241 100
301 S30100 75 000 515 30 000 205 40 217 95
301L S30103 80 000 550 32 000 220 45 241 100
301LN S30153 80 000 550 35 000 240 45 241 100
302 S30200 75 000 515 30 000 205 40 201 92
304 S30400 75 000 515 30 000 205 40 201 92
304L S30403 70 000 485 25 000 170 40 201 92
304N S30451 80 000 550 35 000 240 30 217 95
304LN S30453 75 000 515 30 000 205 40 217 95
316 S31600 75 000 515 30 000 205 40 217 95
316L S31603 70 000 485 25 000 170 40 217 95
316N S31651 80 000 550 35 000 240 35 217 95
XM–11 S21904

Sheet,
Strip

100 000 690 60 000 415 40 . . . . . .

Plate 90 000 620 50 000 345 45 . . . . . .
XM–14 S21460 105 000 725 55 000 380 40 . . . . . .

1⁄16 HardC

Type
UNS

Designation

Tensile Strength, min Yield Strength, min Elongation in 2 in. or 50 mm, min, %

psi MPa psi MPa <0.015 in. $0.015 to
#0.030 in.

>0.030 in.

201 S20100 PSSD 95 000 655 45 000 310 40 40 40
FBE 75 000 515 40 000 275 . . . . . . 40

201L S20103 100 000 690 50 000 345 40 40 40
201LN S20153 100 000 690 50 000 345 40 40 40
205 S20500 115 000 790 65 000 450 40 40 40
301 S30100 90 000 620 45 000 310 40 40 40
301L S30103 100 000 690 50 000 345 40 40 40
301LN S30153 100 000 690 50 000 345 40 40 40
302 S30200 PSS 85 000 585 45 000 310 40 40 40

FB 90 000 620 45 000 310 . . . . . . 40
304 S30400 PSS 80 000 550 45 000 310 35 35 35

FB 90 000 620 45 000 310 . . . . . . 40
304L S30403 80 000 550 45 000 310 40 40 40
304N S30451 90 000 620 45 000 310 40 40 40
304LN S30453 90 000 620 45 000 310 40 40 40
316 S31600 PSS 85 000 585 45 000 310 35 35 35

FB 90 000 620 45 000 310 . . . . . . 40
316L S31603 85 000 585 45 000 310 35 35 35
316N S31651 90 000 620 45 000 310 35 35 35

1⁄8 HardC

Type UNS
Designation

Tensile Strength, min Yield Strength, min Elongation in 2 in. or 50 mm, min, %

psi MPa psi MPa <0.015 in. $0.015 to
#0.030 in.

>0.030 in.

201 S20100 100 000 690 55 000 380 45 45 45
201L S20103 105 000 725 55 000 380 35 35 35
201LN S20153 110 000 760 60 000 415 35 35 35
205 S20500 115 000 790 65 000 450 40 40 40
301 S30100 100 000 690 55 000 380 40 40 40
301L S30103 110 000 760 60 000 415 35 35 35
301LN S30153 110 000 760 60 000 415 35 35 35
302 S30200 100 000 690 55 000 380 35 35 35
304 S30400 100 000 690 55 000 380 35 35 35
304L S30403 100 000 690 55 000 380 30 30 30
304N S30451 100 000 690 55 000 380 37 37 37
304LN S30453 100 000 690 55 000 380 33 33 33
316 S31600 100 000 690 55 000 380 30 30 30
316L S31603 100 000 690 55 000 380 25 25 25

A 666 – 03
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TABLE 2 Continued

316N S31651 100 000 690 55 000 380 32 32 32

1⁄4 Hard

Type
UNS

Designation

Tensile Strength, min Yield Strength, min Elongation in 2 in. or 50 mm, min, %

psi MPa psi MPa <0.015 in. $0.015 to
#0.030 in.

>0.030 in.

201 S20100 125 000 860 75 000 515 25 25 25
201L S20103 120 000 825 75 000 515 25 25 25
201LN S20153 120 000 825 75 000 515 25 25 25
202 S20200 125 000 860 75 000 515 12 12 . . .
. . . S20400 140 000 965 100 000 960 20 20 20
205 S20500 125 000 860 75 000 515 45 45 45
301 S30100 125 000 860 75 000 515 25 25 25
301L S30103 120 000 825 75 000 515 25 25 25
301LN S30153 120 000 825 75 000 515 25 25 25
302 S30200 125 000 860 75 000 515 10 10 12
304 S30400 125 000 860 75 000 515 10 10 12
304L S30403 125 000 860 75 000 515 8 8 10
304N S30451 125 000 860 75 000 515 12 12 12
304LN S30453 125 000 860 75 000 515 10 10 12
316 S31600 125 000 860 75 000 515 10 10 10
316L S31603 125 000 860 75 000 515 8 8 8
316N S31651 125 000 860 75 000 515 12 12 12
XM-11 S21904 130 000 895 115 000 795 15 15 . . .

1⁄2 Hard

Type
UNS

Designation

Tensile Strength, min Yield Strength, min Elongation in 2 in. or 50 mm, min, %

psi MPa psi Mpa <0.015 in. $0.015 to
#0.030 in.

>0.030 in.

201 S20100 150 000 1035 110 000 760 15 18 18
201L S20103 135 000 930 100 000 690 22 22 20
201LN S20153 135 000 930 100 000 690 22 22 20
205 S20500 150 000 1035 110 000 760 15 18 18
301 S30100 150 000 1035 110 000 760 15 18 18
301L S30103 135 000 930 100 000 690 20 20 20
301LN S30153 135 000 930 100 000 690 20 20 20
302 S30200 150 000 1035 110 000 760 9 10 10
304 S30400 150 000 1035 110 000 760 6 7 7
304L S30403 150 000 1035 110 000 760 5 6 6
304N S30451 150 000 1035 110 000 760 6 8 8
304LN S30453 150 000 1035 110 000 760 6 7 7
316 S31600 150 000 1035 110 000 760 6 7 7
316L S31603 150 000 1035 110 000 760 5 6 6
316N S31651 150 000 1035 110 000 760 6 8 8

3⁄4 Hard

Type
UNS

Designation

Tensile Strength, min Yield Strength, min Elongation in 2 in. or 50 mm, min, %

psi MPa psi MPa <0.015 in. $0.015 to
#0.030 in.

>0.030 in.

201 S20100 175 000 1205 135 000 930 10 12 12
205 S20500 175 000 1205 135 000 930 15 15 15
301 S30100 175 000 1205 135 000 930 10 12 12
302 S30200 175 000 1205 135 000 930 5 6 6

Full Hard

Type
UNS

Designation

Tensile Strength, min Yield Strength, min Elongation in 2 in. or 50 mm, min, %

psi MPa psi MPa <0.015 in. $0.015 to
#0.030 in.

>0.030 in.

201 S20100 185 000 1275 140 000 965 8 9 9
205 S20500 185 000 1275 140 000 965 10 10 10
301 S30100 185 000 1275 140 000 965 8 9 9
302 S30200 185 000 1275 140 000 965 3 4 4

A This specification defines minimum properties only and does not imply a range. Depending on the work hardening characteristics of the particular grade, either the
yield or the tensile strength can be the controlling factor in meeting the properties. The noncontrolling factor normally will exceed considerably the specified minimum.

B Type 201 is generally produced with a chemical composition balanced for rich side (Type 201-1) or lean side (Type 201-2) austenite stability depending on the
properties required for specific applications.

C Annealed material that naturally meets mechanical properties may be applied.
D PSS means plate, strip, sheet.
E FB means flat bar.
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TABLE 3 Free Bend Requirements

Annealed and 1⁄16 and 1⁄8 Hard

Type UNS Designation
Thickness #0.050 in. Thickness >0.050 to #0.1874 in.

Included Bend Angle,° Bend Factor Included Bend Angle,° Bend Factor

201 S20100 180 1 180 1
201L S20103 180 1 180 1
201LN S20153 180 1 180 1
202 S20200 180 1 180 1
. . . S20400 180 1 180 1
205 S20500 180 1 180 1
301 S30100 180 1 180 1
301L S30103 180 1 180 1
301LN S30133 180 1 180 1
302 S30200 180 1 180 1
304 S30400 180 1 180 1
304L S30403 180 1 180 2
304N S30451 180 1 180 1
304LN S30453 180 1 180 2
316 S31600 180 1 180 2
316L S31603 180 1 180 2
316N S31651 180 1 180 1
XM-11 S21904 180 1 180 1
XM-14 S21460 180 1 180 2

1⁄4 Hard

Type UNS Designation Thickness #0.050 in. Thickness >0.050 to #0.1874 in.

Included Bend Angle,° Bend Factor Included Bend Angle,° Bend Factor

201 S20100 180 1 90 2
201L S20103 180 1.5 135 1.5
201LN S20153 180 1.5 135 1.5
202 S20200 180 2 90 2
. . . S20400 180 1 90 2
205 S20500 180 1 90 2
301 S30100 180 1 90 2
301L S30103 180 1.5 90 1.5
301LN S30153 180 1.5 90 1.5
302 S30200 180 1 90 2
304 S30400 180 1 90 2
304L S30403 180 2 90 3
304N S30451 180 1 90 2
304LN S30453 180 2 90 3
316 S31600 180 2 90 2
316L S31603 180 2 90 3
316N S31651 180 1 90 2
XM-11 S21904 90 2 90 2

1⁄2 Hard

Type UNS Designation Thickness #0.050 in. Thickness >0.050 to #0.1874 in.

Included Bend Angle,° Bend Factor Included Bend Angle,° Bend Factor

201 S20100 180 2 90 2
201L S20103 180 2 135 2
201LN S20153 180 2 135 2
205 S20500 180 2 90 2
301 S30100 180 2 90 2
301L S30103 180 2 90 2
301LN S30153 180 2 90 2
302 S30200 180 2 90 2
304 S30400 180 2 90 2
304L S30403 180 3 90 3
304N S30451 180 2 90 2
304LN S30453 180 3 90 3
316 S31600 180 3 90 3
316L S31603 180 3 90 3
316N S31651 180 2 90 2

A 666 – 03

5



TABLE 3 Continued
3⁄4 Hard

Type UNS Designation Thickness #0.050 in. Thickness >0.050 to #0.1874 in.

Included Bend Angle,° Bend Factor Included Bend Angle,° Bend Factor

201 S20100 180 3 90 3
205 S20500 180 3 90 3
301 S30100 180 3 90 3
302 S30200 180 4 90 5

Full Hard

Type UNS Designation Thickness #0.050 in. Thickness >0.050 to #0.1874 in.

Included Bend Angle,° Bend Factor Included Bend Angle,° Bend Factor

201 S20100 180 4 90 5
205 S20500 180 4 90 5
301 S30100 180 4 90 5
302 S30200 180 6 90 8

TABLE 4 V-Block Bend Requirements

Annealed and 1⁄8 Hard

Type UNS Designation
Thickness #0.050 in. Thickness >0.050 to #0.1874 in.

Included Bend Angle,° Bend Factor Included Bend Angle,° Bend Factor

201 S20100 135 2 135 3
201L S20103 135 2 135 3
201LN S20153 135 2 135 3
202 S20200 135 4 135 4
205 S20500 135 2 135 3
301 S30100 135 2 135 3
301L S30103 135 2 135 3
301LN S30153 135 2 135 3
302 S30200 135 2 135 3
304 S30400 135 2 135 3
304L S30403 135 5 135 6
304N S30451 135 3 135 4
304LN S30453 135 4 135 5
316 S31600 135 5 135 6
316L S31603 135 6 135 7
316N S31651 135 5 135 6

1⁄4 Hard

Type UNS Designation Thickness #0.050 in. Thickness >0.050 to #0.1874 in.

Included Bend Angle,° Bend Factor Included Bend Angle,° Bend Factor

201 S20100 135 2 135 3
201L S20103 135 2 135 3
201LN S20153 135 2 135 3
205 S20500 135 2 135 3
301 S30100 135 2 135 3
301L S30103 135 2 135 3
301LN S30153 135 2 135 3
302 S30200 135 2 135 3
304 S30400 135 2 135 3
304L S30403 135 5 135 6
304N S30451 135 3 135 4
304LN S30453 135 4 135 5
316 S31600 135 5 135 6
316L S31603 135 6 135 7
316N S31651 135 5 135 6
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TABLE 4 Continued
1⁄2 Hard

Type UNS Designation Thickness #0.050 in. Thickness >0.050 to #0.1874 in.

Included Bend Angle,° Bend Factor Included Bend Angle,° Bend Factor

201 S20100 135 4 135 4
201L S20103 135 4 135 4
201LN S20153 135 4 135 4
205 S20500 135 4 135 4
301 S30100 135 4 135 4
301L S30103 135 4 135 4
301LN S30153 135 4 135 4
302 S30200 135 4 135 4
304 S30400 135 4 135 4
304L S30403 135 7 135 8
304N S30451 135 5 135 6
304LN S30453 135 6 135 7
316 S31600 135 7 135 8
316L S31603 135 8 135 9
316N S31651 135 7 135 8

3⁄4 Hard

Type UNS Designation Thickness #0.050 in. Thickness >0.050 to #0.1874 in.

Included Bend Angle,° Bend Factor Included Bend Angle,° Bend Factor

201 S20100 135 6 135 7
205 S20500 135 6 135 7
301 S30100 135 6 135 7
302 S30200 135 8 135 9

Full Hard

Type UNS Designation Thickness #0.050 in. Thickness >0.050 to #0.1874 in.

Included Bend Angle,° Bend Factor Included Bend Angle,° Bend Factor

201 S20100 135 6 135 8
205 S20500 135 6 135 8
301 S30100 135 6 135 8
302 S30200 135 8 135 10

10. Keywords
10.1 austenitic stainless steel; cold-worked stainless steel;

stainless steel flat bar; stainless steel plate; stainless steel sheet;
stainless steel strip

SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue, A 666–00,
that may impact the use of this standard. (Approved Oct. 1, 2003.)

(1) Revised tensile strength of S20100 and hardness of S20500
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).
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Designation: A 679/A 679M – 00

Standard Specification for
Steel Wire, High Tensile Strength, Cold Drawn 1

This standard is issued under the fixed designation A 679/A 679M; 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 round, uncoated, high tensile
strength, cold-drawn steel spring wire, having properties and
quality suitable for the manufacture of mechanical springs and
wire forms subject to high static stresses or infrequent dynamic
load, or both.

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 are not exact equivalents; therefore, each system
must be used independently of the other.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 510 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel2

A 510M Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel [Metric]2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

A 941 Terminology Relating to Steel, Stainless Steel, Re-
lated Alloys, and Ferroalloys4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

2.2 ANSI Standard:
B32.4 Preferred Metric Sizes for Round, Square, Rectangle,

and Hexagon Metal Products6

2.3 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)7

2.4 Military Standard:
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage7

2.5 AIAG Standard:
AIAGB-5 02.00 Primary Metals Identification Tag Applica-

tion Standard8

3. Terminology

3.1 Definitions—For definitions of terms used in this speci-
fication, refer to Terminology A 941.

4. Ordering Information

4.1 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for material under this
specification. Such requirements may include, but are not
limited to, the following:

4.1.1 Quantity (mass),
4.1.2 Name of material (steel wire, high tensile strength,

hard drawn),
4.1.3 Dimensions (Table 1 and Section 9),
4.1.4 Packaging (Section 15),
4.1.5 Heat analysis report, if requested (6.2),
4.1.6 Certification or test report, or both, if specified (Sec-

tion 14), and
4.1.7 ASTM designation and year of issue.

NOTE 1—A typical ordering description is as follows: 20 Mg high
tensile strength, hard-drawn steel mechanical spring wire, 5.00-mm
diameter, 500-kg coils to ASTM A 679/A 679M dated ____ , or for
inch-pound units, 40,000-lb high tensile strength, hard-drawn steel me-
chanical spring wire, 0.192-in. diameter, in 1000-lb coils to ASTM
A 679/A 679M dated ____ .

5. Materials and Manufacture

5.1 The steel may be made by any commercially accepted
steel making process. The steel may be either ingot cast or
continuous strand cast. The rod to be used in the manufacture
of wire furnished to this specification shall be in accordance
with Specification A 510 or A 510M.

5.2 The finished wire shall be free from detrimental pipe
and undue segregation.

5.3 The wire shall be cold drawn to produce the desired
mechanical properties.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved April 10, 2000. Published June 2000. Originally
published as A 679 – 73. Last previous edition A 679/A 679M – 93.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 01.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Available from American National Standards Institute, 11 West 42nd Street,

13th Floor, New York, NY 10036.
7 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

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

8 Available from the Automotive Industry Action Group, 26200 Lahser, Suite
200, Southfield, MI 48034.
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5.4 The wire finish shall be suitable for forming or coiling.
It is not intended that this material be furnished with a metallic
coating.

6. Chemical Composition

6.1 The steel shall conform to the requirements for chemical
composition prescribed in Table 2.

6.2 Heat Analysis— Each heat of steel shall be analyzed by
the manufacturer to determine the percentage of elements
prescribed in Table 2. This analysis shall be made from a test
specimen preferably taken during the pouring of the heat.
When requested, in the purchase order, the heat analysis shall
be reported to the purchaser.

6.3 Product Analysis— An analysis may be made by the
purchaser from finished wire representing each heat of steel.
The chemical composition thus determined, as to elements
required or restricted, shall conform to the product analysis
requirements specified in Table 10 of Specification A 510M or
A 510.

6.4 For referee purposes, Test Methods, Practices, and
Terminology for Chemical Analysis of Steel Products, A 751
shall be used.

7. Mechanical Properties

7.1 Tension Test:

7.1.1 Requirements— The material as represented by ten-
sion test specimens shall conform to the requirements pre-
scribed in Table 1.

7.1.2 Number of Tests— One test specimen shall be taken
for each 10 coils or fraction thereof, in a lot. Each heat in a
given lot shall be tested.

7.1.3 Test Method— The tension test shall be made in
accordance with Test Methods and Definitions A 370.

7.2 Wrap Test:
7.2.1 Requirements— The material as represented by the

wrap test specimens shall conform to the requirements speci-
fied in Table 3.

7.2.2 Number of Tests— One test specimen shall be taken
for each 10 coils, or fraction thereof, in a lot. Each heat in a
given lot shall be tested.

7.2.3 Location of Test— Test specimens shall be taken from
either end of the coil.

7.2.4 Test Method— The wrap test shall be made in accor-
dance with Test Methods and Definitions A 370.

8. Metallurgical Requirements

8.1 Microstructure—The wire shall be cold drawn with a
fine pearlite structure.

8.2 Surface Conditions—The wire surface shall not exhibit
imperfections that exceed 3.5 % of the wire diameter or 0.25
mm (0.010 in.) in depth, whichever is smaller.

9. Dimensions and Permissible Variations

9.1 The permissible variations in the diameter of the wire
shall be as specified in Table 4.

10. Workmanship, Finish, and Appearance

10.1 Workmanship— The wire shall not be kinked or
improperly cast. To test for cast, one convolution of wire shall
be cut from the coil and placed on a flat surface. The wire shall
not spring up excessively nor show a wavy condition.

10.1.1 Each coil shall be one continuous length of wire,
properly coiled and firmly tied. Welds made prior to cold
drawing are permitted.

10.2 Appearance—The surface shall be smooth and free of
rust with no imperfections such as pits or die marks that tend
to impair the use of the wire for springs. Any other surface
requirements shall be negotiated at the time of entry of the
order.

TABLE 1 Tensile Requirements

SI Units Inch-Pound Units

Diameter,
mmA,B

Tensile Strength, MPa
Diameter, in.

Tensile Strength, ksi

min max min max

0.50 2400 2650 0.020 350 387
0.55 2380 2620 0.023 343 380
0.60 2350 2600 0.026 337 373
0.65 2320 2580 0.029 331 366
0.70 2300 2550 0.032 327 361
0.80 2250 2500 0.035 322 356
0.90 2200 2450 0.041 314 347
1.00 2150 2400 0.048 306 339
1.10 2120 2380 0.054 300 331
1.20 2100 2350 0.062 293 324
1.40 2050 2300 0.072 287 317
1.60 2000 2250 0.080 282 312
1.80 1980 2220 0.092 275 304
2.00 1950 2200 0.106 268 296
2.20 1900 2150 0.120 263 290
2.50 1850 2100 0.135 258 285
2.80 1820 2050 0.148 253 279
3.00 1800 2000 0.162 249 275
3.50 1750 1950 0.177 245 270
4.00 1700 1900 0.1927 241 267
4.50 1680 1880 0.207 238 264
5.00 1650 1850

A Tensile strength values for intermediate diameters shall be interpolated.
B Preferred sizes. For a complete list, refer to ANSI B32.4

TABLE 2 Chemical Requirements

Element Composition, %

Carbon 0.65–1.00A

Manganese 0.20–1.30B

Phosphorus, max 0.040
Sulfur, max 0.050
Silicon 0.15–0.35

A Carbon in any one lot shall not vary more than 0.13 %.
B Manganese in any one lot shall not vary more than 0.30 %.

TABLE 3 Wrap Test Requirements A

SI Units

Diameter, mm Mandrel Size

Over 0.50 to 3.00, incl
Over 3.00 to 5.00, incl

23
43

Inch-Pound Units

Diameter, in. Mandrel Size

0.020 to 0.162, incl
Over 0.162 to 0.207, incl

23
43

A The symbol “X” represents the diameter of the wire tested.
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11. Retests

11.1 If any test specimen exhibits obvious imperfections or
shows the presence of a weld, it may be discarded and another
specimen substituted.

12. Inspection

12.1 Unless otherwise specified in the contract or purchase
order, the manufacturer is responsible for the performance of
all inspection and test requirements specified in this specifica-
tion. 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 prescribed
requirements.

13. Rejection and Rehearing

13.1 Unless otherwise specified, any rejection based on tests
made in accordance with these specifications shall be reported
to the manufacturer as soon as possible so that an investigation
may be initiated.

13.2 The material shall be adequately protected and cor-
rectly identified in order that the manufacturer is able to make
a proper investigation.

14. Certification

14.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

14.2 The certification shall include the specification num-
ber, year of issue, and revision letter, if any.

15. Packaging, Marking, and Loading for Shipment

15.1 The coil mass, dimensions, and the method of packag-
ing shall be agreed upon between the manufacturer and
purchaser.

15.2 A tag shall be securely attached to each coil of wire
with identifying information as agreed upon by the purchaser
and manufacturer.

15.3 Unless otherwise specified in the purchaser’s order,
packaging, marking, and loading for shipments shall be in
accordance with those procedures recommended by Practices
A 700.

15.4 For Government Procurement—Packaging, packing,
and marking of material for military procurement shall be in
accordance with the requirements of MIL-STD-163, Level A,
Level C, or commercial as specified in the contract or purchase
order. Marking for shipment of material for civil agencies shall
be in accordance with Fed. Std. No. 123.

15.5 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG Standard 02.00. The bar code may be applied to a
substantially affixed tag.

16. Keywords

16.1 hard drawn; high tensile; wire

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 Permissible Variations in Wire Diameter A

SI Units

Diameter, mm
Permissible
Variations,

6mm

Permissible
Out-of-Round,

6mm

To 0.70, incl 0.02 0.02
0.70 to 2.00, incl 0.03 0.03
Over 2.00 0.05 0.05

Inch-Pound Units

Diameter, in.
Permissible
Variations,

6in.

Permissible
Out-of-Round,

6in.

0.020 to 0.028, incl 0.0008 0.0008
Over 0.028 to 0.075, incl 0.001 0.001
Over 0.075 to 0.207, incl 0.002 0.002

A For purposes of determining conformance with this specification, all specified
limits are absolute as defined in Practice E 29.
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Designation: A 682/A 682M – 02 An American National Standard

Standard Specification for
Steel, Strip, High-Carbon, Cold-Rolled, General
Requirements For 1

This standard is issued under the fixed designation A 682/A 682M; 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 general requirements for
cold-rolled carbon spring steel strip in coils or cut lengths.
Strip is classified as product that is 0.3000 in. (7.6 mm) or less
in thickness and over1⁄2 to 2315⁄16 in. (12.5 to 600 mm) in
width, inclusive. Strip tolerance products may be available in
widths wider than 2315⁄16 in. (600 mm) by agreement between
purchaser and supplier; however, such products are technically
classified as cold-rolled sheet.

1.2 The maximum of the specified carbon range is over
0.25 % to 1.35 %, inclusive.

1.3 The above shall apply to the cold-rolled carbon spring
steel strip furnished under each of the following specifications
issued by ASTM:

Title of Specification
ASTM

Designation
Steel, Strip, High Carbon,
Cold Rolled

A 684/A 684M

1.4 The tolerances in this specification are different than
those in Specification A 568/A 568M and Specification A 109/
A 109M.

1.5 For the purpose of determining conformance with this
specification, values shall be rounded to the nearest unit in the
right hand place of figures used in expressing the limiting
values in accordance with the rounding method of Practice
E 29.

1.6 The metric portions of the tables herein list permissible
variations in dimensions and mass (see Note 1) in SI (metric)
units. The values listed are not exact conversions of the values
listed in the inch-pound tables but instead are rounded or
rationalized values. Conformance to SI tolerances is mandatory
when the “M” specification is used.

NOTE 1—The term weight is used when inch-pound units are the
standard. However, under SI the preferred term inmass.

1.7 The values stated in either inch-pound units or SI units
are to be regarded 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 must be used inde-
pendently of the other. Combining values from the two systems
will result in nonconformance with the specification.

1.8 This specification is expressed in both inch-pound units
and SI units. However, unless the order specifies the applicable
“M” specification designation (SI units), the material shall be
furnished to inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:
A 109/ A 109M Specification for Steel, Strip, Carbon (0.25

Maximum Percent), Cold-Rolled2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products2

A 568/ A 568M Specification for Steel, Sheet, Carbon, and
High-Strength, Low-Alloy, Hot-Rolled and Cold-Rolled,
General Requirements for2

A 680/A 680M Specification for Steel—High-Carbon,
Strip, Cold-Rolled Hard, Untempered Quality3

A 684/A 684M Specification for Steel, Strip, High-Carbon,
Cold-Rolled2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment4

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

A 941 Terminology Relating to Steel, Stainless Steel, Re-
lated Alloys, and Ferroalloys5

E 3 Methods of Preparation of Metallographic Specimens6

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications7

E 112 Test Methods for Determining Average Grain Size6

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys, and is the direct responsibility of Subcommittee
A01.19 on Sheet Steel and Steel Sheets.

Current edition approved March 10, 2002. Published April 2002. Originally
published as A 682 – 73. Last previous edition A 682 – 00.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Discontinued; see 1985Annual Book of ASTM Standards,Vol 01.03.
4 Annual Book of ASTM Standards, Vol 01.05.
5 Annual Book of ASTM Standards,Vol 01.01.
6 Annual Book of ASTM Standards, Vol 03.01.
7 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 527 Practice for Numbering Metals and Alloys (UNS)5

2.2 Federal Standards:
Fed. Std. No. 123 Marking for Shipments (Civil Agencies)8

Fed. Std. No. 183 Continuous Identification Marking of
Iron and Steel Products8

2.3 Military Standards:
MIL-STD-129 Marking for Shipping and Storage8

MIL-STD-163 Steel Mill Products Preparation for Ship-
ment and Storage8

2.4 SAE Standard:
J 1086 Recommended Practice for Numbering Metals and

Alloys (UNS)9

3. Terminology

3.1 Definitions:
3.1.1 burr—metal displaced beyond the plane of the surface

by slitting or shearing.
3.1.2 decarburization—refer to Terminology A 941.
3.1.3 lot—the quantity of material of the same type, size,

and finish produced at one time from the same cast or heat, and
heat treated in the same heat-treatment cycle.

4. General Requirements for Delivery

4.1 The requirements of the purchase order, the individual
material specification, and this general specification shall
govern in the sequence stated.

4.2 Products covered by this specification are produced to
decimal thickness only, and decimal thickness tolerances apply.

5. Materials and Manufacture

5.1 Melting Practice—The steel shall be made by either the
open-hearth, basic-oxygen, or electric-furnace process. It is
normally produced as a fully killed steel. Elements such as
aluminum may be added in sufficient amounts to control the
austenitic grain size.

5.2 Cold Working Procedure:
5.2.1 Prior to cold rolling, the hot-rolled strip shall be

descaled by chemical or mechanical means.
5.2.2 The strip shall be cold rolled by reducing to thickness

at room temperature (that is, below the recrystallization tem-
perature).

6. Chemical Composition

6.1 Limits:
6.1.1 When carbon steel strip is specified to chemical

composition, the compositions are commonly prepared using
the ranges and limits shown in Table 1. The elements compris-
ing the desired chemical composition are specified in one of
three ways:

6.1.1.1 By a maximum limit,
6.1.1.2 By a minimum limit, or
6.1.1.3 By minimum and maximum limits, termed the

“range.” By common usage, the range is the arithmetical
difference between the two limits (for example, 0.60 to 0.71 is
0.11 range).

6.1.2 Steel grade numbers indicating chemical composition
commonly produced to this specification are shown in Table 2
and may be used. Table 3 shows requirements for additional
elements.

6.1.3 Additional elements may be present. Limits on such
elements are by agreement between purchaser and supplier.

6.1.3.1 Any additional elements specified shall be included
in the report of heat analysis.

6.2 Heat (Formerly Ladle) Analysis:
6.2.1 An analysis of each heat of steel shall be made by the

manufacturer to determine the percentage of elements specified
or restricted by the applicable specification.

6.2.2 When requested, heat analysis for elements listed or
required shall be reported to the purchaser or to his represen-
tative. Each of the elements listed in Tables 2 and 3 and
additional elements agreed upon by the purchaser and the
supplier shall be included in the report of heat analysis. When
the amount of copper, nickel, chromium, or molybdenum is
less than 0.02 %, the analysis may be reported as < 0.02 %.
When the amount of vanadium, columbium, or titanium is less
than 0.008 %, the analysis may be reported as < 0.008 %. the
reported heat analysis shall conform to the chemical composi-
tion requirements of the appropriate grade in Table 2, if used,
the additional elements in Table 3, and the limits of any other
elements agreed upon by the purchaser and supplier.

6.3 Product Analysis (Formerly Check Analysis)—Product
analysis is the chemical analysis of the semi-finished product
form. The strip may be subjected to product analysis by the
purchaser either for the purpose of verifying that the chemical
composition is within specified limits for each element, includ-
ing applicable tolerance for product analysis, or to determine
variations in compositions within a cast or heat. The results of
analyses taken from different pieces within a heat may differ
from each other and from the cast analysis. The chemical

8 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS

9 Available from Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096.

TABLE 1 Heat (Formerly Ladle) Analysis Limits and Ranges

Element
Standard Chemical Limits and

Ranges, Limit or Max of
Specified Range

Range, %

CarbonA over 0.25 to 0.30, incl 0.06
over 0.30 to 0.40, incl 0.07
over 0.40 to 0.60, incl 0.08
over 0.60 to 0.80, incl 0.11
over 0.80 to 1.35, incl 0.14

Manganese to 0.50, incl
over 0.50 to 1.15, incl
over 1.15 to 1.65, incl

0.20
0.30
0.35

Phosphorous to 0.08, incl
over 0.08 to 0.15, incl

0.03
0.05

Sulfur to 0.08, incl 0.03
over 0.08 to 0.15, incl 0.05
over 0.15 to 0.23, incl 0.07
over 0.23 to 0.33, incl 0.10

Silicon to 0.20, incl
over 0.20 to 0.30, incl
over 0.30 to 0.60, incl

0.10
0.15
0.30

A The carbon ranges shown in the column headed “Range” apply when the
specified maximum limit for manganese does not exceed 1.00 %. When the
maximum manganese limit exceeds 1.00 %, add 0.01 to the carbon ranges shown
above.
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composition thus determined shall not vary from the limits
specified by more than the amounts shown in Table 4, but the
several determinations of any element in any cast may not vary
both above and below the specified range.

6.4 Methods of Analysis—Test Methods, Practices, and
Terminology A 751 shall be used for referee purposes.

7. Metallurgical Structure

7.1 Grain Size:

7.1.1 Unless otherwise specified, the steel strip shall be
manfactured to a fine grain (austenitic and ferritic) practice.

7.2 Decarburization:
7.2.1 When specified, the steel strip shall have a maximum

permissible depth of complete plus partial decarburization of
0.001 in. or 1.5 % of the thickness of the strip, whichever is
greater, except that strip less than 0.011 in. thick shall show no
complete decarburization.

8. Mechanical Requirements

8.1 The mechanical property requirements, number of
specimens, and test locations and specimen orientation shall be
in accordance with the applicable product specification.

8.2 Unless otherwise specified in the applicable product
specification, test specimens must be prepared in accordance
with Test Methods and Definitions A 370.

8.3 Mechanical tests shall be conducted in accordance with
Test Methods and Definitions A 370.

9. Dimensions, Mass, and Permissible Variations

9.1 The thickness, width, camber, and length tolerances
shall conform to the requirements specified in Tables 5-10.

9.2 Flatness—It is not practical to formulate flatness toler-
ances for cold-rolled carbon spring steel strip to represent the
range of widths and thicknesses in coils and cut lengths.

10. Finish and Edges

10.1 Surface—The surface requirements shall be as speci-
fied in the product specifications.

10.2 Edges—Cold-rolled carbon spring steel strip shall be
supplied with one of the following edges as specified:

10.2.1 No. 1—A prepared edge of a specified contour
(round or square) that is produced when a very accurate width
is required or when an edge condition suitable for electroplat-
ing is required, or both.

10.2.2 No. 2—A natural mill edge carried through the cold
rolling from the hot-rolled strip without additional processing
of the edge.

10.2.3 No. 3—An approximately square edge produced by
slitting on which the burr is not eliminated. This is produced
when the edge condition is not a critical requirement for the

TABLE 2 Heat (Formerly Ladle) Analysis Chemical Composition, %

UNS DesignationA Steel
Grade

Carbon Manganese
Phosphorus,

max
Sulfur,
max

SiliconB

G10300 1030 0.28 to 0.34 0.60 to 0.90 0.035 0.040 0.15 to 0.30
G10350 1035 0.32 to 0.38 0.60 to 0.90 0.035 0.040 0.15 to 0.30
G10400 1040 0.37 to 0.44 0.60 to 0.90 0.035 0.040 0.15 to 0.30
G10450 1045 0.43 to 0.50 0.60 to 0.90 0.035 0.040 0.15 to 0.30
G10500 1050 0.48 to 0.55 0.60 to 0.90 0.035 0.040 0.15 to 0.30
G10550 1055 0.50 to 0.60 0.60 to 0.90 0.035 0.040 0.15 to 0.30
G10600 1060 0.55 to 0.65 0.60 to 0.90 0.035 0.040 0.15 to 0.30
G10640 1064 0.60 to 0.70 0.50 to 0.80 0.035 0.040 0.15 to 0.30
G10650 1065 0.60 to 0.70 0.60 to 0.90 0.035 0.040 0.15 to 0.30
G10700 1070 0.65 to 0.75 0.60 to 0.90 0.035 0.040 0.15 to 0.30
G10740 1074 0.70 to 0.80 0.50 to 0.80 0.035 0.040 0.15 to 0.30
G10800 1080 0.75 to 0.88 0.60 to 0.90 0.035 0.040 0.15 to 0.30
G10850 1085 0.80 to 0.93 0.70 to 1.00 0.035 0.040 0.15 to 0.30
G10860 1086 0.80 to 0.93 0.30 to 0.50 0.035 0.040 0.15 to 0.30
G10950 1095 0.90 to 1.03 0.30 to 0.50 0.035 0.040 0.15 to 0.30
A New designation established in accordance with Practice E 527 and SAE J1086.
B When agreed by purchaser and supplier, other silicon ranges are permissible.

TABLE 3 Additional Chemical Composition Requirements—Heat
Analysis

Element Composition—Weight %

AluminumA . . .
Copper, maxB 0.30
Nickel, maxB 0.30
Chromium, maxB,C 0.25
Molybdenum, maxB 0.10
VanadiumA . . .
ColumbiumA . . .
TitaniumA . . .

A Where an ellipsis (. . .) appears in this table, there is no specified limit, but the
analysis shall be reported.

B The sum of copper, nickel, chromium, and molybdenum shall not exceed
0.80 % on heat analysis. When one or more of these elements is specified, the
sum does not apply, in which case only the individual limits on the remaining
elements will apply.

C When the chromium is specified or added for antigraphitization, the maximum
shall be 1.40 wt. %

TABLE 4 Permissible Variations from Specified Cast or Heat
(Formerly Ladle) Analysis Ranges and Limits

Element
Limit or Max of
Specification, %

Variations Over Max Limit or Under
Min Limit

Under Min Limit Over Max Limit

Carbon over 0.25 to 0.40, incl
over 0.40 to 0.80, incl
over 0.80

0.03
0.03
0.03

0.04
0.05
0.06

Manganese to 0.60, incl
over 0.60 to 1.15, incl
over 1.15 to 1.65, incl

0.03
0.04
0.05

0.03
0.04
0.05

Phosphorus . . . . . . 0.01
Sulfur . . . . . . 0.01
Silicon to 0.30, incl

over 0.30 to 0.60
0.02
0.05

0.03
0.05
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finished part. Normal coiling or piling does not provide a
definite positioning of the slitting burr.

10.2.4 No. 4—An approximately rounded edge. This edge is
produced when the width tolerance and edge condition are not
as exacting as for No. 1 edges.

10.2.5 No. 5—An approximately square edge produced
from slit edge material on which the burr is eliminated.

10.2.6 No. 6—An approximately square edge. This edge is
produced when the width tolerance and edge condition are not
as exacting as for No. 1 edges.

10.2.7 Skived Edges—Custom-shaped edges produced by
mechanical edge shaving with special tooling.

11. Workmanship

11.1 The steel shall have a workmanlike appearance and
shall not have defects of a nature or degree for the grade and
quality ordered that will be detrimental to the fabrication of the
finished part.

11.2 Coils may contain some abnormalities that render a
portion of the coil unusable since the inspection of coils does
not afford the same opportunity to remove portions containing
imperfections as is the case with cut lengths.

12. Number of Tests and Retests

12.1 The difficulties in obtaining truly representative
samples of strip without destroying the usefulness of the coil
account for the generally accepted practice of allowing retests
for mechanical properties and surface examination. Two addi-
tional samples are secured from each end of the coil from
which the original sample was taken. A portion of the coil may
be discarded prior to cutting the samples for retest. If any of the
retests fail to comply with the requirements, the coil shall be
rejected.

13. Rework and Retreatment

13.1 Lots rejected for failure to meet the specified require-
ments may be resubmitted for test provided the manufacturer
has reworked the lots as necessary to correct the deficiency or
has removed the nonconforming material.

14. Inspection

14.1 The manufacturer shall afford the purchaser’s inspector
all reasonable facilities necessary to satisfy him that the
material is being produced and furnished in accordance with

TABLE 5 Thickness Tolerances of Cold-Rolled Carbon Steel
Strip A,B,C

Inch-Pound Units (in.)

Thickness Tolerances (Plus or Minus, in.)

Nominal
Gage
(in.)

Over 1⁄2
to less than

12 wide
12 to less

than 18 18 to 2315⁄16

0.251-0.300 0.0030 0.0035 0.0040
0.160-0.250 0.0025 0.0032 0.0036

0.125-0.1599 0.0022 0.0028 0.0032
0.070-0.1249 0.0018 0.0022 0.0028
0.040-0.0699 0.0014 0.0018 0.0024
0.030-0.0399 0.0012 0.0015 0.0020
0.020-0.0299 0.0010 0.0013 0.0015
0.015-0.0199 0.0008 0.0010 0.0012
0.010-0.0149 0.0005 0.0008 0.0010

<0.010 0.0003 0.0006 0.0008

SI Units (mm)

Thickness Tolerances (Plus or Minus, mm)

Nominal
Gage
(mm)

Over 12.7 to
less than

300
300 to less

than 450 450 to 600

6.40-7.50 0.080 0.090 0.100
4.00-6.39 0.065 0.080 0.090
3.20-3.99 0.055 0.070 0.080
1.80-3.19 0.045 0.055 0.070
1.00-1.79 0.035 0.045 0.060
0.75-0.99 0.030 0.030 0.050
0.50-0.74 0.025 0.035 0.040
0.38-0.49 0.020 0.025 0.030
0.25-0.37 0.013 0.020 0.025

<0.25 0.007 0.015 0.020
A Measured 3⁄8 in. or more in from edge; and on narrower than 1 in., at any place

between edges.
B Measured 10 mm or more in from edge; and on narrower than 25 mm, at any

place between edges.
C Number 3 edge strip with thickness tolerance guaranteed at less than 3⁄8 in.

(10 mm) from the slit edge, is available by agreement between consumer and strip
manufacturer.

TABLE 6 Width Tolerances for Edge Numbers 1, 4, 5, and 6 of
Cold-Rolled Carbon-Steel Strip

Inch-Pound Units

Edge
Number

Specified Width, in.A
Specified Thickness,

in.B
Width

Tolerance,
Plus and

Minus, in.COver Through min max

1 1⁄2 3⁄4 . . . 0.0938 0.005
1 3⁄4 5 . . . 0.125 0.005

4 1⁄2 1 0.025 0.1875 0.015
4 1 2 0.025 0.2499 0.025
4 2 4 0.035 0.2499 0.047
4 4 6 0.047 0.2499 0.047

5 1⁄2 3⁄4 . . . 0.0938 0.005
5 3⁄4 5 . . . 0.125 0.005
5 5 9 0.008 0.125 0.010
5 9 20 0.015 0.105 0.010
5 20 2315⁄16 0.023 0.080 0.015

6 1⁄2 1 0.025 0.1875 0.015
6 1 2 0.025 0.2499 0.025
6 2 4 0.035 0.2499 0.047
6 4 6 0.047 0.2499 0.047

SI Units

Edge No.
Specified Width, mmA Specified Thickness,

mmB

Width
Tolerance,
Plus and

Minus, mmCOver Through min max

1 12.5 200 . . . 3.0 0.13
4 . . . 25 0.6 5.0 0.38
4 25 50 0.6 6.0 0.65
4 50 150 1.0 6.0 1.20
5 . . . 100 . . . 3.0 0.13
5 100 500 0.4 3.0 0.25
5 500 600 0.6 2.0 0.38
6 . . . 25 0.6 5.0 0.38
6 25 50 0.6 6.0 0.65
6 50 150 1.0 6.0 1.20

A Specified width must be within ranges stated for specified edge number.
B Specified thickness must be within ranges stated for specified width.
C When edge, width and thickness are not defined by this table, tolerances are

by agreement between producer and supplier.

A 682/A 682M

4



this specification. Mill inspection by the purchaser shall not
interfere unnecessarily with the manufacturer’s operations.
Unless otherwise agreed to, all tests and inspections, except
product analysis, shall be made at the place of production.

15. Rejection and Rehearing

15.1 Unless otherwise specified, any rejection based on tests
made in accordance with this specification shall be reported to
the purchaser within a reasonable time.

15.2 Material that shows injurious defects subsequent to its
acceptance at the purchaser’s works shall be rejected and the
manufacturer shall be notified. The material must be ad-
equately protected and correctly identified in order that the
manufacturer may make a proper investigation. In case of
dissatisfaction with the results of the test, the manufacturer
may make claims for a rehearing.

16. Certification and Reports

16.1 When test reports are required by the purchaser, the
supplier shall report the results of all tests required by this
specification and any additional tests required by the material
specification and/or the purchase order.

16.2 When certification is required by the purchase order,
the supplier shall furnish a certification that the material has
been manufactured and tested in accordance with the require-
ments of this specification and the applicable material specifi-
cation.

16.3 A signature is not required on test reports. However,
the document shall clearly identify the organization submitting
the document. Notwithstanding the absence of a signature, the
organization submitting the document is responsible for the
content of the document.

16.4 When test reports are required, it is acceptable for the
supplier to report test data from the original manufacturer,
provided such data is not rendered invalid by the stripmaking
process.

16.5 A Material Test Report, Certificate of Inspection, or
similar document printed from or used in electronic form from
an electronic data interchange (EDI) transmission shall be
regarded as having the same validity as a counterpart printed in
the certifier’s facility. The content of the EDI transmitted
document must meet the requirements of the invoked ASTM
standard(s) and conform to any existing EDI agreement be-
tween the purchaser and the supplier. Notwithstanding the
absence of a signature, the organization submitting the EDI
transmission is responsible for the context of the report.

NOTE 2—The industry definition as invoked here is: EDI is the
computer to computer exchange of business information in an agreed upon
standard format such as ANSI ASC X12.

17. Marking

17.1 Unless otherwise specified, the material shall be iden-
tified by having the manufacturer’s name or mark, ASTM
designation, weight, purchase order number, and material
identification legibly stenciled on top of each lift or shown on
a tag attached to each coil or shipping unit.

17.2 When specified in the contract or order, and for direct
procurement by or direct shipment to the Government, marking
for shipment, in addition to requirements specified in the
contract or order, shall be in accordance with MIL-STD-129
for military agencies and in accordance with Fed. Std. No. 123
for civil agencies.

17.3 For U.S. Government procurement by the Defense
Supply Agency, strip material shall be continuously marked for
identification in accordance with Fed. Std. No. 183.

17.4 Bar coding is acceptable as a supplementary identifi-
cation method. Bar coding should be consistent with the
Automotive Industry Action Group (AIAG) standard prepared
by the primary metals subcommittee of the AIAG bar code
project team.

18. Packaging

18.1 Unless otherwise specified, the strip shall be packaged
and loaded in accordance with Practices A 700.

18.2 When Level A is specified in the contract or order and
for direct procurement by or direct shipment to the U.S.
Government, preservation, packaging, and packing shall be in
accordance with the Level A requirements of MIL-STD-163.

18.3 When coils are ordered it is customary to specify a
minimum or range of inside diameter and maximum outside
diameter and a maximum coil weight, if required. The ability
of manufacturers to meet the maximum coil weights depends
upon individual mill equipment. When required, minimum coil
weights are subject to negotiation.

TABLE 7 Width Tolerances for Edge Number 2 of Cold-Rolled
Carbon-Steel Strip

Inch Pound Units

Specified Width, in. Width Tolerance, Plus and

Over Through Minus, in.

1⁄2 2 1⁄32

2 5 3⁄64

5 10 5⁄64

10 15 3⁄32

15 20 1⁄8
20 2315⁄16 5⁄32

SI Units

Specified Width, mm Width Tolerance, mm

Over Through
Plus and

Minus

12.5 50 0.8
50 100 1.2

100 200 1.6
200 400 2.5
400 500 3.0
500 600 4.0
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TABLE 8 Width Tolerances for Edge Number 3 (Slit), Cold-Rolled Carbon Spring Steel Strip

Inch-Pound Units
Specified Thickness

in.
Width Tolerance, Plus and Minus, in.

For Specified Width, in.A

Over Through
Over 1⁄2
Through

6

Over 6
Through

9

Over 9
Through

12

Over 12
Through

20

Over 20
Through
23 15⁄16

. . . 0.016 0.005 0.005 0.010 0.016 0.020
0.016 0.068 0.005 0.005 0.010 0.016 0.020
0.068 0.099 0.008 0.010 0.010 0.016 0.020
0.099 0.160 0.010 0.016 0.016 0.020 0.020
0.160 0.300 0.016 0.020 0.020 0.031 0.031

SI Units
Specified Thickness

mm
Width Tolerance, Plus and Minus, mm

For Specified Width, mmA

Over Through Through
100

Over 100
Through

200

Over 200
Through

300

Over 300
Through

450

Over 450
Through

600
. . . 1.5 0.13 0.13 0.25 0.40 0.50
1.5 2.5 0.20 0.25 0.25 0.40 0.50
2.5 4.5 0.25 0.40 0.40 0.50 0.50
4.5 7.5 0.40 0.50 0.50 0.80 0.80

A Width is measured from the shear surface of the slit edge and not from the break.
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TABLE 9 Camber Tolerances of Cold-Rolled Carbon Steel Strip

Inch-Pound Units

NOTE 1—Camber is the greatest deviation of a side edge from a straight
line, the measurement being taken on the concave side with a straight edge.

NOTE 2—Camber tolerances as shown in the table are for any 8 ft. of
length. For strip length under 8 ft. camber tolerance shall be subject to
negotiation.

NOTE 3—When the camber tolerances shown in Table 8 are not suitable for
a particular purpose, cold-rolled strip is sometimes machine straightened.

W = width of strip, in.
C = camber in.

Specified Width, in. Camber Tolerance,
in.Over Through

1⁄2 11⁄2 1⁄2
11⁄2 2315⁄16 1⁄4

SI Units

NOTE 1—Camber is the greatest deviation of a side edge from a straight
line, the measurement being taken on the concave side with a straight edge.

NOTE 2—Camber tolerances as shown in the table are for any 2000 mm
length. For strip length under 2000 mm, camber tolerance shall be subject to
negotiation.

NOTE 3—When the camber tolerances shown in Table 8 are not suitable for
a particular purpose, cold-rolled strip is sometimes machine straightened.

W = Width of strip, mm
C = Camber, mm

Over
Width, mm Standard Camber

Tolerance, mm
Through

. . . 50 10
50 600 5

TABLE 10 Length Tolerances of Cold-Rolled Carbon Steel Strip

Inch-Pound Units
Specified Width;

in.
Length Tolerance, Plus Only, in. for

Specified Length, in.

Over Through
From 24

Through 60
Over 60

Through 120
Over 120

Through 240
1⁄2 12 1⁄4 1⁄2 3⁄4
12 23 15⁄16 1⁄2 3⁄4 1

SI Units
Specified Width,

mm
Length Tolerance, Plus Only, mm for

Specified Length, mm

Over Through
From 600

Through 1500
Over 1500

Through 3000
Over
3000

. . . 300 10 15 25
300 600 15 20 25
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SUMMARY OF CHANGES

This section contains the principal changes that have been incorporated since the last issue.

1. Revision to 6.1.2.
2. Revision to 6.2.2.

3. Revision to 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).
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Designation: A 684/A 684M – 86 (Reapproved 2002)

Standard Specification for
Steel, Strip, High-Carbon, Cold-Rolled 1

This standard is issued under the fixed designation A 684/A 684M; 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 cold-rolled, high-carbon strip.
It is furnished in the following types as specified:

1.1.1 Soft spheroidized annealed high-carbon steel is in-
tended for applications requiring maximum cold forming. It is
normally produced to give the lowest maximum Rockwell
hardness for each grade.

1.1.2 Soft annealed high-carbon steel is intended for appli-
cations requiring moderate cold forming. It is produced to a
maximum Rockwell hardness.

1.1.3 Intermediate hardness high-carbon steel is intended
for applications where cold forming is slight or a stiff, springy
product is needed, or both. It is produced to specified Rockwell
hardness ranges, the maximum being higher than obtained for
the annealed type.

1.1.4 Full hard high-carbon steel is intended for flat appli-
cations. It is produced to minimum Rockwell hardness require-
ments, which vary with grade, microstructure and gage. Full
hard can be produced with either a pearlitic or spheroidized
microstructure or a mixture of both. The minimum hardness
should be established between the consumer and the producer.

1.2 This specification is applicable for orders in either
inch-pound units (as A 684) or SI units (A 684M).

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 682 Specification for Steel, Strip, High-Carbon, Cold-
Rolled, Spring Quality, General Requirements for2

A 682M Specification for Steel, Strip, High-Carbon, Cold-
Rolled, Spring Quality, General Requirements for [Met-
ric]2

E 3 Methods of Preparation of Metallographic Specimens3

3. Terminology

3.1 Number 1 or matte (dull) finish—finish without luster,
produced by rolling on rolls roughened by mechanical or
chemical means. This finish is especially suitable for lacquer or
paint adhesion, and is beneficial in aiding drawing operations
by reducing the contact friction between the die and the strip.

3.2 Number 2 (regular bright) finish—finish produced by
rolling on rolls having a moderately smooth finish. It is less
suitable that No. 1 (matte) finish for cold forming and may be
applicable for certain types of plating.

3.3 spheroidizing—the heating and cooling of the strip in
controlled conditions (annealing) to produce a spheroidal or
globular form of carbide microconstituent.

3.4 stretcher strains—elongated markings that appear on
the surface of the strip when dead soft (fully annealed) material
is deformed beyond its yield point (see 5.2).

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 ASTM designation and date of issue,
4.1.2 Name, type, and steel grade number,
4.1.3 Hardness (if intermediate or restricted hardness is

specified),
4.1.4 Decarburization (if required),
4.1.5 Application,
4.1.6 Dimensions,
4.1.7 Coil size requirements,
4.1.8 Edge (indicate No. 1 round, square, etc.),
4.1.9 Finish (indicate and specify),
4.1.10 Conditions (specify whether material is oiled or dry),
4.1.11 Package (bare coils, skid, etc.),
4.1.12 Cast or heat (formerly ladle) analysis report (if

required), and
4.1.13 Special requirements (if required).

NOTE 1—A typical ordering description is as follows: ASTM A 684
dated ———Cold Rolled, High-Carbon Soft, Strip, Spheroidized 1064,

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved November 10, 2002. Published January 2003. Origi-
nally approved in 1973. Last previous edition approved in 1998 as A 684 – 86
(1998).

2 Annual Book of ASTM Standards, Vol 01.03. 3 Annual Book of ASTM Standards, Vol 03.01.

1
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0.042 in. by 6 in. by coil (16 in. ID by 40 in. OD max), No. 5 Edge, No.
2 Finish, Oiled, Bare Skid or
“ASTM A 684 dated ———Cold Rolled, High-Carbon, Soft, Strip,
Spheroidized 1064, 0.6 mm by 200 mm by coil (400 mm ID by 7500 mm
OD max), No. 3 Edge, No. 2 Finish, Oiled, Bare Skid.”

5. Manufacture

5.1 Condition:
5.1.1 The strip shall be furnished cold rolled spheroidized

annealed, soft annealed, intermediate hardness, or full hard, as
specified.

5.1.2 Intermediate hardness may be obtained by either
rolling the strip after final annealing or by varying the
annealing treatment, or both.

5.2 Pinch Pass—Spheroidized annealed and annealed ma-
terial may be pinch rolled after the final anneal to improve
flatness, uniformly oil, modify surface, and minimize stretcher
strains if required by the purchaser.

6. Chemical Requirements

6.1 Cast or Heat Analysis—The heat or cast analysis shall
conform to that specified in Specification A 682 or A 682M for
the steel grade ordered; or to such other limits as may be
specified using the standard ranges in Specification A 682 or
A 682M.

7. Metallurgical Structure

7.1 Pearlite is the normal structure of cold rolled high-
carbon strip unless it has had an intermediate anneal.

7.2 Annealed is mostly a spheroidized structure, but may
contain some vestiges of pearlite.

7.3 Spheroidize annealed is essentially free of pearlite.
7.4 At least one specimen shall be taken from each lot (see

Specification A 682 or A 682M) for microexamination.
7.4.1 The specimens shall be prepared for microscopical

examination in accordance with Methods E 3.

8. Mechanical Requirements

8.1 Hardness:
8.1.1 Spheroidized Annealed and Annealed Types—When

furnished spheroidized annealed or annealed, the hardness of
the strip shall not exceed the maximum values specified in Fig.
1 and Fig. 2 for the applicable carbon range and type.

8.1.2 Intermediate Hardness Type—When furnished as in-
termediate hardness, the hardness of the strip shall conform to
the range specified on the purchase order. The maximum
hardness limit and the corresponding minimum shall be speci-
fied by the purchaser. If the maximum temper is under
Rockwell B 100 (15T93 or 30T82), that scale should be used
exclusively. If the minimum temper is over Rockwell C 20
(15N69.5 or 30N41.5), that scale should be used exclusively.
For accuracy in testing, the hardness scales should not overlap.
On either hardness scale, a range of ten points arithmetic
difference is required. Refer to Table 1 for appropriate scale
testing requirements.

8.1.3 Full hard is specified to a minimum hardness value.
Refer to Table 1 for appropriate scale testing requirements.

FIG. 1 Approximate Relationship Between Carbon Designations and the Maximum Hardness Limit of Soft Type Annealed Cold Rolled
High Carbon Steel Strip
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8.1.4 At least one specimen shall be taken from each lot (see
Specification A 682 or A 682M).

8.1.5 The sample shall be tested in accordance with Test
Methods and Definitions A 370.

8.2 Bend Test:
8.2.1 The steel strip produced as spheroidized, or the

annealed type shall meet the cold bend requirement in Table 2.
Any visible cracking on the tension side of the bend portion
shall be cause for rejection.

8.2.2 At least one specimen shall be taken from each lot (see
Specification A 682 or A 682M).

8.2.3 The specimen shall be the full thickness and shall be
taken transverse to the rolling direction as described in Test
Methods and Definitions A 370. The edges of the bend test
specimens shall be rounded and free of burrs; filing or
machining is permissible.

9. Finish and Edges

9.1 Surface—The strip shall be furnished with a No. 2
Regular Bright or No. 1 Matte (Dull) finish, as specified.

9.2 Oiling—The strip shall be furnished oiled or dry, as
specified.

9.3 Edges—The strip shall be furnished with a No. 1 round
or Square, No. 2 Mill, No. 3 Square Slit, No. 4 Approximately
Round, No. 5 Approximately Square Burr Free, or No. 6
Approximately Square Edge, as specified.

FIG. 2 Approximate Relationship Between Carbon Designations and the Maximum Hardness Limit of Spheroidized Annealed Cold
Rolled High Carbon Steel Strip

TABLE 1 Rockwell Hardness Testing Ranges for Cold-Rolled
High-Carbon Steel Strip

Rockwell “B” and “T” Scales Rockwell “C” and “N” Scales

Thickness Scale Thickness Scale

Over 0.030 in.
[over 0.8 mm]

B Over 0.040 in.
[over 1.0 mm]

C

0.020 to 0.030 in.
[0.5 to 0.8 mm]

30T 0.025 to 0.040 in.
[0.6 to 1.0 mm]

30N

Under 0.020 in.
[under 0.5 mm]

15T Under 0.025 in.
[under 0.6 mm]

15N

TABLE 2 Cold Bending Requirements A,B for Spheroidized,
Annealed, and Soft-Annealed Cold-Rolled Carbon Steel Strip

Type Degree of
Bend

Inside
Radius to
Thickness

Relation of Bend
Test Specimen to
Rolling Direction

Annealed
Spheroidized

180°
180°

3t
2t

transverseC

transverseC

A Up to 0.100 in. [2.5 mm], incl, thickness maximum. When bend radius for
thickness is over 0.100 in. [2.5 mm] the producer should be consulted. These ratios
apply to bending performance of the test specimen.

B These bend tests apply to the bending performance of test specimens only.
Where material is to be bent in fabricating operations a more liberal bend radius
may be required and should be based on prior experience or consultation with the
steel producer, or both.

C If finished strip width prohibits taking a transverse bend test specimen, a
longitudinal specimen may be substituted, except the bend radius shall be reduced
by 1t.
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10. General Requirements
10.1 Material furnished under this specification shall con-

form to the applicable requirements for the current edition of
either Specification A 682 or A 682M.

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: A 693 – 03

Standard Specification for
Precipitation-Hardening Stainless and Heat-Resisting Steel
Plate, Sheet, and Strip 1

This standard is issued under the fixed designation A 693; 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 precipitation-hardening stain-
less steel plate, sheet, and strip. The mechanical properties of
these steels are developed by suitable low-temperature heat
treatments generally referred to as precipitation hardening.

1.2 These steels are used for parts requiring corrosion
resistance and high strength at room temperature or at tem-
peratures up to 600°F (315°C). Some of these steels are
particularly suitable for moderate to severe drawing and
forming in the solution-treated condition. Others are capable of
mild forming only. They are suitable for machining in the
solution-annealed condition, after which they may be hardened
to the mechanical properties specified in this standard without
danger of cracking or distortion.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:
A 480/A 480M Specification for General Requirements for

Flat-Rolled Stainless and Heat-Resisting Steel Plate,
Sheet, and Strip3

E 527 Practice for Numbering Metals and Alloys (UNS)4

2.2 SAE Standard:
SAE J 1086 Recommended Practice for Numbering Metals

and Alloys (UNS)5

3. General Requirements

3.1 The following requirements for orders for material
furnished under this specification shall conform to the appli-

cable requirements of the current edition of Specification
A 480/A 480M or as specified in the following:

3.1.1 Ordering Information:
3.1.1.1 In addition to the requirements of A 480/A 480M,

the heat treatment (see 6) shall be specified on the purchase
order if other than the solution-annealed condition is being
ordered.

4. Materials and Manufacture

4.1 The steel shall be melted by one of the following
processes:

4.1.1 Electric furnace (with separate degassing and refining
optional),

4.1.2 Vacuum furnace, and
4.1.3 One of the former followed by:
4.1.3.1 Consumable remelting in vacuum, inert gas, or

electroslag, or
4.1.3.2 Electron beam refining.
4.1.4 Other commercial melting methods as agreed upon

between purchaser and seller are acceptable.

5. Chemical Composition

5.1 The steel shall conform to the requirements as to
chemical composition specified in Table 1, and shall conform
to applicable requirements specified in the current edition of
Specification A 480/A 480M.

6. Heat Treatment of Product

6.1 Material shall be furnished in the solution-annealed
condition as noted in Table 2 and Table 3 unless otherwise
specified by the purchaser on the purchase order.

7. Mechanical Properties

7.1 The material, as represented by mechanical test speci-
mens, shall conform to the mechanical property requirements
specified in Table 4 and shall be capable of developing the
properties in Table 5 when heat treated as specified in 9.1.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.17 on Flat-Rolled and Wrought Stainless Steel.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1974. Last previous edition approved in 2002 as A 693 – 02e1.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SA-693 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 01.01.
5 Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096.

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.



8. Bending Requirements

8.1 Samples cut from the solution-annealed plate, sheet, or
strip shall withstand cold bending as specified in Table 6
without cracking on the outside of the bent portion.

9. Heat Treatment of Test Specimens

9.1 Samples cut from the plate, sheet, or strip shall conform
to the mechanical properties of Table 5 when precipitation
hardened as specified in Table 2 and Table 3.

TABLE 1 Chemical Requirements A

Composition, %

UNS Desig-
nationB Type Carbon

Manga-
nese

Phos-
phorus

Sulfur Silicon Chromium Nickel Aluminum
Molyb-
denum

Titanium Copper
Other

ElementsC

S 17400 630 0.07 1.00 0.040 0.030 1.00 15.0–17.5 3.0–5.0 . . . . . . . . . 3.0–5.0 D

S 17700 631 0.09 1.00 0.040 0.030 1.00 16.0–18.0 6.5–7.7 0.75–1.50 . . . . . . . . . . . .
S 15700 632 0.09 1.00 0.040 0.030 1.00 14.0–16.0 6.5–7.7 0.75–1.50 2.00–3.00 . . . . . . . . .
S 35000 633 0.07–0.11 0.50–1.25 0.040 0.030 0.50 16.0–17.0 4.0–5.0 . . . 2.5–3.2 . . . . . . E

S 35500 634 0.10–0.15 0.50–1.25 0.040 0.030 0.50 15.0–16.0 4.0–5.0 . . . 2.5–3.2 . . . . . . F

S 17600 635 0.08 1.00 0.040 0.030 1.00 16.0–17.5 6.0–7.5 0.40 . . . 0.40–1.20 . . . . . .
S 36200 XM-9 0.05 0.50 0.030 0.030 0.30 14.0–14.5 6.5–7.0 0.10 0.30 0.60–0.90 . . . . . .
S 15500 XM-12 0.07 1.00 0.040 0.030 1.00 14.0–15.5 3.5–5.5 . . . . . . . . . 2.5–4.5 D

S 13800 XM-13 0.05 0.20 0.010 0.008 0.10 12.3–13.2 7.5–8.5 0.90–1.35 2.00–2.50 . . . . . . G

S 45500 XM-16 0.05 0.50 0.040 0.030 0.50 11.0–12.5 7.5–9.5 . . . 0.50 0.80–1.40 1.50–2.50 F

S 45000 XM-25 0.05 1.00 0.030 0.030 1.00 14.0–16.0 5.0–7.0 . . . 0.50–1.00 . . . 1.25–1.75 H

S 46500 . . . 0.02 0.25 0.015 0.010 0.25 11.0–12.5 10.8–11.2 . . . 0.75–1.25 1.50–1.80 . . . G

A Limits are in percent maximum unless shown as a range or stated otherwise.
B New designation established in accordance with Practice E 527 and SAE J1086.
C The terms Columbium (Cb) and Niobium (Nb) both relate to the same element.
D Columbium plus tantalum 0.15–0.45.
E Nitrogen 0.07–0.13.
F Columbium plus tantalum 0.10–0.50.
G Nitrogen 0.01.
H Columbium 8 times carbon minimum.

TABLE 2 Heat Treatment, °F

UNS
Desig-
nation

Type Solution Treatment Precipitation Hardening TreatmentA

S17400 630 1925 6 50°F (cool as required) 900 6 15°F, 1 h, air cool.
925 6 15°F, 4 h, air cool.

1025 6 15°F, 4 h, air cool.
1075 6 15°F, 4 h, air cool.
1100 6 15°F, 4 h, air cool.
1150 6 15°F, 4 h, air cool.

(1400 6 15°F, 2 h, air cool + 1150 6 15°F, 4 h, air cool).

S17700 631 1950 6 25°F (cool as required) 1750 6 15°F, hold 10 min, cool rapidly to room temperature. Cool
within 24 h, to −100 6 10°F, hold not less than 8 h. Warm in air to
room temperature. Heat to 950 6 10°F, hold 1 h, air cool.

Alternative Treatment:

1400 6 25°F, hold 90 min, cool to 55 6 5°F within 1 h.
Hold not less than 30 min, heat to 1050 6 10°F, hold for
90 min, air cool.

S15700 632 1950 6 25°F (cool as required) Same as Type 631

S35000 633 1710 6 25°F (water quench), hold not less than 3 h at
−100°F or lower.

850 6 15°F, 3 h, air cool.
1000 6 15°F, 3 h, air cool.

S35500 634B 1900 6 25°F (quench), hold not less than 3 h at −100°F or
lower.

1750 −10°F for not less than 10 min, but not more than 1 h, water
quench. Cool to not higher than −100°F, hold for not less than 3 h.
Temper at 1000 6 25°F, holding for not less than 3 h.
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TABLE 2 Continued

UNS
Desig-
nation

Type Solution Treatment Precipitation Hardening TreatmentA

S17600 635 1900 6 25°F (air cool) 950 6 15°F, 30 min, air cool.
1000 6 15°F, 30 min, air cool.
1050 6 15°F, 30 min, air cool.

S36200 XM-9 1550 6 25°F (air cool) 900 6 10°F, 8 h, air cool.

S15500 XM-12 1900 6 25°F (cool as required) Same as Type 630

S13800 XM-13 1700 6 25°F (cool as required to below 60°F) 950 6 10°F, 4 h, air cool.
1000 6 10°F, 4 h, air cool.

S45500 XM-16 1525 6 25°F (water quench) 900 6 10°F, 4 h, air cool. or 950 6 10°F, 4 h, air cool.

S45000 XM-25 1900 6 25°F (cool rapidly) 900 6 15°F, 4 h, air cool.
1000 6 15°F, 4 h, air cool.
1150 6 15°F, 4 h, air cool.

S46500 . . . 1875 6 25°F (cool rapidly to room temperature) followed
by subzero cooling within 24 h after solution treatment;
–100 6 10°F, hold not less than 8 h;
warm in air to room temperature

900 6 10°F, 4 h, air cool
950 6 15°F, 4 h, air cool

1000 6 15°F, 4 h, air cool
1050 6 15°F, 4 h, air cool
1100 6 15°F, 4 h, air cool

A Times refer to time material is at temperature.
B Equalization and over-tempering treatment: 1425 6 50°F for not less than 3 h, cool to room temperature, heat to 1075 6 25°F for not less than 3 h.

TABLE 3 Heat Treatment, °C

UNS
Designation

Type Solution Treatment Precipitation Hardening TreatmentA

S17400 630 1050 6 25°C (cool as required) 482 6 8°C, 1 h, air cool.
496 6 8°C, 4 h, air cool.
552 6 8°C, 4 h, air cool.
579 6 8°C, 4 h, air cool.
593 6 8°C, 4 h, air cool.
621 6 8°C, 4 h, air cool.
(760 6 8°C, 2 h, air cool + 621 6 8°C, 4 h, air cool).

S17700 631 1065 6 15°C (water quench) 954 6 8°C, hold 10 min, cool rapidly to room temperature. Cool within
24 h to −73°C 6 6°C, hold not less than 8 h. Warm in air to room
temperature. Heat to 510 6 6°C, hold 1 h, air cool.

Alternative Treatment

760 6 15°C, hold 90 min, cool to 15 6 3°C within 1 h.
Hold not less than 30 min, heat to 566 6 6°C, hold for
90 min, air cool.

S15700 632 1038 6 15°C (water quench) Same as Type 631

S35000 633 930 6 15°C (water quench), hold not less than 3 h at
−75°C or lower.

455 6 8°C, 3 h, air cool.
540 6 8°C, 3 h, air cool.

S35500 634B 1038 6 15°C (quench), hold not less than 3 h at −73°C
or lower.

954 6 6°C for not less than 10 min, but not more than 1 h, water
quench. Cool to not higher than −73°C, hold for not less than 3 h.
Temper at 538 6 15°C, holding for not less than 3 h.

S17600 635 1038 6 15°C (air cool) 510 6 8°C, 30 min, air cool.
538 6 8°C, 30 min, air cool.
566 6 8°C, 30 min, air cool.

S36200 XM-9 843 6 15°C (air cool) 482 6 8°C, 8 h, air cool.

S15500 XM-12 1038 6 15°C (cool as required) Same as Type 630

S13800 XM-13 927 6 15°C (cool as required to below 60°C) 510 6 6°C, 4 h, air cool.
538 6 6°C, 4 h, air cool.

S45500 XM-16 829 6 15°C (water quench) 482 6 6°C, 4 h, air cool. or 510 6 6°C, 4 h, air cool.
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TABLE 3 Continued

UNS
Designation

Type Solution Treatment Precipitation Hardening TreatmentA

S45000 XM-25 1038 6 15°C (cool rapidly) 482 6 8°C, 4 h, air cool.
538 6 8°C, 4 h, air cool.
621 6 8°C, 4 h, air cool.

S46500 . . . 1024 6 15°C, (cool rapidly to room temperature)
followed by subzero cooling within 24 h after solution
treatment; –73 6 6°C; hold not less than 8 h;
warm in air to room temperature

482 6 6°C, 4 h, air cool
510 6 8°C, 4 h, air cool
538 6 8°C, 4 h, air cool
566 6 8°C, 4 h, air cool
593 6 8°C, 4 h, air cool

A Times refer to time material is at temperature.
B Equalization and over-tempering treatment: 774 6 25°C for not less than 3 h, cool to room temperature, heat to 579 6 15°C for not less than 3 h.

TABLE 4 Mechanical Test Requirements in Solution-Treated Condition

Type
Tensile Strength, max Yield Strength, max Elongation in

2 in. or 50 mm,
min, %

Hardness, max

ksi MPa ksi MPa Rockwell Brinell

630 0.015 to 4.0 in. (0.38 to 102 mm) . . . . . . . . . . . . . . . C38 363
631 0.010 in. (0.25 mm) and under

Over 0.010 to 4.0 in. (0.25 to 102 mm)
150
150

1035
1035

65
55

450
380

. . .
20

. . .
B92

. . .

. . .
632 0.0015 to 4.0 in. (0.038 to 102 mm) 150 1035 65 450 25 B100 . . .
633 0.001 to 0.0015 in. (0.03 to 0.038 mm), excl 200 1380 90 620 8 C30 . . .

0.0015 to 0.002 in. (0.03 to 0.05 mm), excl 200 1380 88 605 8 C30 . . .
0.002 to 0.005 in. (0.05 to 0.13 mm), excl 200 1380 86 595 8 C30 . . .
0.005 to 0.010 in. (0.13 to 0.25 mm), excl 200 1380 85 585 8 C30 . . .
Over 0.010 in. (0.254 mm) 200 1380 85 585 12 C30 . . .

634A Plate . . . . . . . . . . . . . . . C40 . . .
635 0.030 in. (0.76 mm) and under

Over 0.030 to 0.060 in. (0.76 to 1.52 mm)
Over 0.060 in. (1.52 mm)

120
120
120

825
825
825

75
75
75

515
515
515

3
4
5

C32
C32
C32

. . .

. . .

. . .
XM-9 Over 0.010 in. (0.25 mm) 150 1035 125 860 4 C28 . . .
XM-12 0.0015 to 4.00 in. (0.038 to 101.6 mm) . . . . . . . . . . . . . . . C38 363
XM-13 0.0015 to 4.00 in. (0.038 to 101.6 mm) . . . . . . . . . . . . . . . C38 363
XM-16 0.010 in. (0.25 mm) and greater 175 1205 160 1105 3 C36 331
XM-25B 0.010 in. (0.25 mm) and greater 165 1205 150 1035 4 C33 311
S46500 0.140 in. (3.56 mm) and under 160 1105 150 1035 4 C33 . . .

A Solution-treated, equalized, and over-tempered plate only.
B XM-25 also furnished to the following minimum properties: 130 895 90 620 4 C25 255

TABLE 5 Mechanical Test Requirements After Precipitation Hardening Treatment

Grade

Hardening or
Precipitation
Treatment or
both, °F(°C)

Thickness, in. (mm)

Tensile Strength,
min

Yield Strength,
min

Elonga-
tion in 2

in. or
50 mm,

min,
%A

Reduc-
tion of
Area,
min,
%A

Hardness, min
Impact Charpy

V, minB

ksi MPa ksi MPa
Rockwell,
min/max

Brinell,
min/max

ft·lbf J

630 and 900 (482) Under 0.1875 (4.762) 190 1310 170 1170 5 . . . C40/C48 . . . . . . . . .
XM-12 0.1875 to 0.625 (4.762 to 15.88) 190 1310 170 1170 8 25 C40/C48 388/477 . . . . . .

0.626 to 4.0 (15.90 to 102) 190 1310 170 1170 10 30 C40/C48 388/477 . . . . . .

925 (496) Under 0.1875 (4.762) 170 1170 155 1070 5 . . . C38/C46 . . . . . . . . .
0.1875 to 0.625 (4.762 to 15.88) 170 1170 155 1070 8 25 C38/C47 375/477 . . . . . .
0.626 to 4.0 (15.90 to 102) 170 1170 155 1070 10 30 C38/C47 375/477 . . . . . .

1025 (552) Under 0.1875 (4.762) 155 1070 145 1000 5 . . . C35/C43 . . . . . . . . .
0.1875 to 0.625 (4.762 to 15.88) 155 1070 145 1000 8 30 C33/C42 321/415 10 14
0.626 to 4.0 (15.90 to 102) 155 1070 145 1000 12 35 C33/C42 321/415 15 20

1075 (579) Under 0.1875 (4.762) 145 1000 125 860 5 . . . C31/C40 . . . . . . . . .
0.1875 to 0.625 (4.762 to 15.88) 145 1000 125 860 9 30 C29/C38 293/375 15 20
0.626 to 4.0 (15.88 to 102) 145 1000 125 860 13 35 C29/C38 293/375 20 27
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TABLE 5 Continued

Grade

Hardening or
Precipitation
Treatment or
both, °F(°C)

Thickness, in. (mm)

Tensile Strength,
min

Yield Strength,
min

Elonga-
tion in 2

in. or
50 mm,

min,
%A

Reduc-
tion of
Area,
min,
%A

Hardness, min
Impact Charpy

V, minB

ksi MPa ksi MPa
Rockwell,
min/max

Brinell,
min/max

ft·lbf J

1100 (593) Under 0.1875 (4.762) 140 965 115 790 5 . . . C31/C40 . . . . . . . . .
0.1875 to 0.625 (4.762 to 15.88) 140 965 115 790 10 30 C29/C38 293/375 15 20
0.626 to 4.0 (15.88 to 102) 140 965 115 790 14 35 C29/C38 293/375 20 27

1150 (621) Under 0.1875 (4.762) 135 930 105 725 8 . . . C28/C38 . . . . . . . . .
0.1875 to 0.625 (4.762 to 15.88) 135 930 105 725 10 35 C26/C36 269/352 25 34
0.626 to 4.0 (15.88 to 102) 135 930 105 725 16 40 C26/C36 269/352 30 41

1400 + 1150 Under 0.1875 (4.762) 115 790 75 515 9 . . . C26/C36 255/331 . . . . . .
(760 + 621) 0.1875 to 0.625 (4.762 to 15.88) 115 790 75 515 11 40 C24/C34 248/321 55 75

0.626 to 4.0 (15.88 to 102) 115 790 75 515 18 45 C24/C34 248/321 55 75

631 1400 (760) + 0.0015 to 0.0049 (0.038 to 0.124) 180 1240 150 1035 3 . . . C38 . . . . . . . . .
plus 55 (15) + 0.0050 to 0.0099 (0.127 to 0.251) 180 1240 150 1035 4 . . . C38 . . . . . . . . .

1050 (566) 0.010 to 0.0199 (0.25 to 0.505) 180 1240 150 1035 5 . . . C38 . . . . . . . . .
0.020 to 0.1874 (0.51 to 4.760) 180 1240 150 1035 6 . . . C38 . . . . . . . . .
0.1875 to 0.625 (4.762 to 15.88) 170 1170 140 965 7 20 C38 352 . . . . . .

1750 (954) + 0.0015 to 0.0049 (0.038 to 0.124) 210 1450 190 1310 1 . . . C44 . . . . . . . . .
minus 100 (73) 0.0050 to 0.0099 (0.127 to 0.251) 210 1450 190 1310 2 . . . C44 . . . . . . . . .

+ 950 (510) 0.010 to 0.0199 (0.25 to 0.505) 210 1450 190 1310 3 . . . C44 . . . . . . . . .
0.020 to 0.1874 (0.51 to 4.760) 210 1450 190 1310 4 . . . C44 . . . . . . . . .
0.1875 to 0.625 (4.762 to 15.88) 200 1380 180 1240 6 20 C43 401 . . . . . .

Cold rolled at mill 0.0015 to 0.050 (0.038 to 1.27) 200 1380 175 1205 1 . . . C41 . . . . . . . . .

Cold rolled at mill
+ 900 (482)

0.0015 to 0.050 (0.038 to 1.27) 240 1655 230 1580 1 . . . C46 . . . . . . . . .

632 1400 (760) + 0.0015 to 0.0049 (0.038 to 0.124) 190 1310 170 1170 2 . . . C40 . . . . . . . . .
plus 55 (15) + 0.0050 to 0.0099 (0.127 to 0.251) 190 1310 170 1170 3 . . . C40 . . . . . . . . .

1050 (566) 0.010 to 0.0199 (0.25 to 0.505) 190 1310 170 1170 4 . . . C40 . . . . . . . . .
0.020 to 0.1874 (0.51 to 4.760) 190 1310 170 1170 5 . . . C40 . . . . . . . . .
0.1875 to 0.625 (4.762 to 15.88) 190 1310 170 1170 4 20 C40 375 . . . . . .

1750 (954) + 0.0015 to 0.0049 (0.038 to 0.124) 225 1550 200 1380 1 . . . C46 . . . . . . . . .
minus 100 (73) 0.0050 to 0.0099 (0.127 to 0.251) 225 1550 200 1380 2 . . . C46 . . . . . . . . .

+ 950 (510) 0.010 to 0.0199 (0.25 to 0.505) 225 1550 200 1380 3 . . . C46 . . . . . . . . .
0.020 to 0.1874 (0.51 to 4.760) 225 1550 200 1380 4 . . . C46 . . . . . . . . .
0.1875 to 0.625 (4.762 to 15.88) 225 1550 200 1380 4 20 C45 429 . . . . . .

Cold rolled at mill 0.0015 to 0.050 (0.038 to 0.13) 200 1380 175 1205 1 . . . C41 . . . . . . . . .

Cold rolled at mill
+ 900 (482)

0.0015 to 0.050 (0.038 to 0.13) 240 1655 230 1585 1 . . . C46 . . . . . . . . .

633 850 (455) 0.0005 to 0.0015 (0.022 to 0.038) 185 1275 150 1035 2 . . . C42 . . . . . . . . .
0.0015 to 0.0020 (0.038 to 0.041) 185 1275 150 1035 4 . . . C42 . . . . . . . . .
0.0020 to 0.0100 (0.041 to 0.254) 185 1275 150 1035 6 . . . C42 . . . . . . . . .
0.0100 to 0.1875 (0.254 to 4.762) 185 1275 150 1035 8 . . . C42 . . . . . . . . .

1000 (540) 0.0005 to 0.0015 (0.022 to 0.038) 165 1140 145 1000 2 . . . C36 . . . . . . . . .
0.0015 to 0.0020 (0.038 to 0.041) 165 1140 145 1000 4 . . . C36 . . . . . . . . .
0.0020 to 0.0100 (0.041 to 0.254) 165 1140 145 1000 6 . . . C36 . . . . . . . . .
0.0100 to 0.1875 (0.254 to 4.762) 165 1140 145 1000 8 . . . C36 . . . . . . . . .

634 850 (455) 190 1310 165 1140 10 . . . . . . . . . . . . . . .

1000 (540) 170 1170 150 1035 12 . . . C37 . . . . . . . . .

635 950 (510) 0.030 (0.76) and under
0.030 to 0.060 (0.76 to 1.52)

190
190

1310
1310

170
170

1170
1170

3
4

. . .

. . .
C39
C39

. . .

. . .
. . .
. . .

. . .

. . .

Over 0.060 (1.52)
Plate

190
190

1310
1310

170
170

1170
1170

5
8

. . .
25

C39
C39

. . .
363

. . .

. . .
. . .
. . .

1000 (540) 0.030 (0.76) and under 180 1240 160 1105 3 . . . C37 . . . . . . . . .
0.030 to 0.060 (0.76 to 1.52) 180 1240 160 1105 4 . . . C37 . . . . . . . . .
Over 0.060 (1.52) 180 1240 160 1105 5 . . . C37 . . . . . . . . .
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TABLE 5 Continued

Grade

Hardening or
Precipitation
Treatment or
both, °F(°C)

Thickness, in. (mm)

Tensile Strength,
min

Yield Strength,
min

Elonga-
tion in 2

in. or
50 mm,

min,
%A

Reduc-
tion of
Area,
min,
%A

Hardness, min
Impact Charpy

V, minB

ksi MPa ksi MPa
Rockwell,
min/max

Brinell,
min/max

ft·lbf J

Plate 180 1240 160 1105 8 30 C38 352 . . . . . .

1050 (565) 0.030 (0.76) and under 170 1170 150 1035 3 . . . C35 . . . . . . . . .
0.030 to 0.060 (0.76 to 1.52) 170 1170 150 1035 4 . . . C35 . . . . . . . . .
Over 0.060 (1.52) 170 1170 150 1035 5 . . . C35 . . . . . . . . .
Plate 170 1170 150 1035 8 30 C36 331 . . . . . .

XM-13 950 (510) Under 0.020 (0.51) 220 1515 205 1410 6 . . . C45 . . . . . . . . .
0.020 to 0.1874 (0.51 to 4.760) 220 1515 205 1410 8 . . . C45 . . . . . . . . .
0.1875 to 0.625 (4.760 to 15.88) 220 1515 205 1410 10 . . . C45 . . . . . . . . .
0.626 to 4.0 (15.90 to 102) 220 1515 205 1410 10 . . . C45 429 . . . . . .

1000 (538) Under 0.020 (0.51) 200 1380 190 1310 6 . . . C43 . . . . . . . . .
0.020 to 0.1874 (0.51 to 4.760) 200 1380 190 1310 8 . . . C43 . . . . . . . . .
0.1875 to 0.625 (4.760 to 15.88) 200 1380 190 1310 10 . . . C43 . . . . . . . . .
0.626 to 4.0 (15.90 to 102) 200 1380 190 1310 10 . . . C43 401 . . . . . .

XM-16 950 (510) Up to 0.020 (0.51)
Over 0.020 to 0.062 (0.51 to 1.57)
Over 0.062 (1.57)

222
222
222

1525
1525
1525

205
205
205

1410
1410
1410

. . .

3
4

. . .

. . .

. . .

C44
C44
C44

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

XM-25 900 (482) Up to 0.020 (0.51)
Over 0.020 to 0.062 (0.51 to 1.57)
Over 0.062 (1.57)

180
180
180

1240
1240
1240

170
170
170

1170
1170
1170

3
4
5

. . .

. . .

. . .

C40
C40
C40

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

1000 (538) Up to 0.020 (0.51)
Over 0.020 to 0.062 (0.51 to 1.57)
Over 0.062 (1.57)

160
160
160

1105
1105
1105

150
150
150

1035
1035
1035

5
6
7

. . .

. . .

. . .

C36
C36
C36

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

1150 (621) Up to 0.020 (0.51)
Over 0.020 to 0.062 (0.51 to 1.57)
Over 0.062 (1.57)

125
125
125

860
860
860

75
75
75

515
515
515

8
9

10

. . .

. . .

. . .

C26
C26
C26

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

XM-9 900 (482) Over 0.010 (0.25) 180 1240 160 1105 3 . . . C38 . . . . . . . . .

S46500 900 (482)
950 (510)

1000 (538)
1050 (566)
1100 (593)

0.140 (3.56) and under
0.140 (3.56) and under
0.140 (3.56) and under
0.140 (3.56) and under
0.140 (3.56) and under

245
235
220
200
180

1690
1620
1515
1380
1240

235
225
210
185
145

1620
1550
1445
1275
1000

2
3
4
5
6

. . .

. . .

. . .

. . .

. . .

C48
C47
C45
C43
C39

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

A Applicable to tests in the long transverse direction. Transverse to the direction of rolling and parallel to the product surface.
B Impact test is not required unless specified on the purchase order.

TABLE 6 Bend Test Requirements in Solution-Treated Condition

Type Size, in. (mm) Cold Bend
Degrees

Bend Test
Mandrel

630 none required
631 0.187 (4.76) and under

Over 0.187 to 0.275 (4.76 to 6.98)
180
180

1T A

3T
632 0.187 (4.76) and under

Over 0.187 to 0.275 (4.76 to 6.98)
180
180

1T
3T
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TABLE 6 Continued

Type Size, in. (mm) Cold Bend
Degrees

Bend Test
Mandrel

633 Under 0.1875 (4.762) 180 2T
634 0.187 to 0.249 (4.76 to 6.32)

Over 0.249 to 0.750 (6.32 to 19.08)
130
90

3T
3T

635 none required
XM-9 0.109 (2.77) and under 180 9T
XM-12 none required
XM-13 none required
XM-16 Under 0.1875 (4.762) 180 6T
XM-25 Under 0.1875 (4.762) 180 6T
S46500 0.140 (3.56) and under 180 6T

AT = thickness of sheet being tested.

10. Keywords
10.1 plate; precipitation hardening; sheet; stainless steel;

strip

SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue (A 693-02e1)
that may impact the use of this standard.

(1) Table 1 brought into compliance with Guide A 959 guide-
lines.
(2) Sections 3.1.1 and 3.1.2 deleted with subsequent renum-
bering.

(3) Keywords 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: A 705/A705M – 95 (Reapproved 2000)

Standard Specification for
Age-Hardening Stainless Steel Forgings 1

This standard is issued under the fixed designation A 705/A705M; 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 specification2 covers age-hardening stainless steel
forgings for general use.

1.2 The values stated in either inch-pound units or SI
(metric) units are to be regarded separately as standards; within
the text and tables, the SI units are shown in[brackets]. The
values stated in each system are not exact equivalents; there-
fore, each system must be used independent of the other.
Combining values from the two systems may result in noncon-
formance with the specification.

1.3 Unless the order specifies an “M” designation, the
material shall be furnished to inch-pound units.

NOTE 1—Bar products are covered by Specification A 564/A 564M.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products3

A 484/A484M Specification for General Requirements for
Stainless Steel Bars, Billets, and Forgings4

A 564/A564M Specification for Hot-Rolled and Cold-
Finished Age-Hardening Stainless Steel Bars and Shapes4

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products3

E 527 Practice for Numbering Metals and Alloys (UNS)5

2.2 Other Documents:
SAE J 1086 Recommended Practice for Numbering Metals

and Alloys (UNS)6

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight or number of pieces),
3.1.2 Name of material (age-hardening stainless steel forg-

ings),
3.1.3 Dimensions, including prints or sketches,
3.1.4 Type or UNS designation (Table 1),
3.1.5 Heat treated condition (Section 5),
3.1.6 Transverse properties when required (7.4),
3.1.7 ASTM designation and date of issue, and
3.1.8 Special requirements (5.3, 5.4).
3.2 If possible the intended end use of the item should be

given on the purchase order, especially when the item is
ordered for a specific end use or uses.

NOTE 2—A typical ordering description is as follows: 5 age-hardening
stainless steel forgings, Type 630, solution-annealed, ASTM Specification
A 705 dated __ . End use: pump blocks for oil well equipment.

4. General Requirements

4.1 In addition to the requirements of this specification, all
requirements of the current edition of Specification A 484/
A 484M shall apply. Failure to comply with the general
requirements of Specification A 484/A 484M, constitutes non-
conformance with this specification.

5. Materials and Manufacture

5.1 Material for forgings shall consist of billets or bars,
either forged, rolled or cast, or a section cut from an ingot. The
cuts shall be made to the required length by a suitable process.
This material may be specified to Specification A 564/A 564M.

5.2 The material shall be forged by hammering, pressing,
rolling, extruding, or upsetting to produce a wrought structure
throughout and shall be brought as nearly as possible to the
finished shape and size by hot working.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved Jan. 15, 1995. Published March 1995. Originally
published as A 705 – 74. Last previous edition A 705/A 705M – 94.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SA-705/SA-705M in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 01.05.
5 Annual Book of ASTM Standards, Vol 01.01.
6 Available from Society of Automotive Engineers, 400 Commonwealth Drive,

Warrendale, PA 15096.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



5.3 When specified on the order, sample forging may be
sectioned and etched to show flow lines and the condition in
regard to internal imperfections. When so specified, the ques-
tion of acceptable and unacceptable metal flow shall be subject
to agreement between the manufacturer and the purchaser prior
to order entry.

5.4 When specified on the order, the manufacturer shall
submit for approval of the purchaser a sketch showing the
shape of the rough forging before machining, or before heat
treating for mechanical properties.

5.5 The grain size shall be as fine as practicable and
precautions shall be taken to minimize grain growth.

5.6 Material of types other than XM-9 shall be furnished in
the solution-annealed condition, or in the equalized and over-
tempered condition, as noted in Table 2, unless otherwise
specified by the purchaser.

5.6.1 Types 630, XM-16, and XM-25 may be furnished in
the solution-annealed or age-hardened condition.

6. Chemical Composition

6.1 The steel shall conform to the chemical composition
limits specified in Table 1.

6.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

7. Mechanical Properties

7.1 The material, as represented by mechanical test speci-
mens, shall conform to the mechanical property requirements
specified in Table 2 and shall be capable of developing the
properties in Table 3 when heat treated as specified in Table 3.

7.2 The yield strength shall be determined by the offset
method as described in the current edition of Test Methods and
Definitions A 370. The limiting permanent offset shall be 0.2 %
of the gage length of the specimen.

7.3 The impact strength shall be determined at 70 to 80°F
[20 to 25°C], by Charpy V-notch specimen Type A as described
in Test Methods and Definitions A 370.

7.4 Material tensile tested and, when specified, impact
tested in the transverse direction (perpendicular to the forging
flow lines) and meeting the requirements shown in Table 3
need not be tested in the longitudinal direction.

7.5 Samples cut from forging shall conform to the mechani-
cal properties of Table 3 when heat treated as specified in Table
2 and Table 3 and tested in accordance with Test Methods and
Definitions A 370.

8. Prolongations for Tests

8.1 Subject to Section 7, the forgings shall be produced with
prolongations for testing, unless otherwise specified. The
producer may elect to submit an extra forging to represent each
test lot instead of prolongations, or the test specimens can be
taken from the forgings themselves.

9. Number of Tests

9.1 For all classes of forgings weighing from 5000 to 7000
lb [2300 to 3200 kg] each, at least one tension test shall be
made from each forging.

9.2 For all classes of forgings weighing more than 7000 lb
[3200 kg] each, one tension test shall be made from each end
of each forging. In the case of ring forgings, the tension test
specimen shall be removed from each of two locations on the
periphery, approximately 180° apart, or insofar as practicable,
from opposite ends of the forging.

9.3 For forgings weighing less than 5000 lb [2300 kg] each,
one tension test shall be made from each size classification for
each heat in each heat treating charge. Where continuous heat
treating furnaces are used, tests shall be made on 10 % of the
forgings of each size classification from each heat subjected to
the same heat treatment practice.

TABLE 1 Chemical Requirements A

Composition, %
UNS
DesignationB

Type Carbon Manganese Phospho-
rus

Sul-
fur

Sili-
con

Chromium Nickel Alumi-
num

Molyb-
denum

Tita-
nium

Copper Other
Elements

S17400 630 0.07 1.00 0.040 0.030 1.00 15.00–17.50 3.00–5.00 ... ... ... 3.00–5.00 C

S17700 631 0.09 1.00 0.040 0.030 1.00 16.00–18.00 6.50–7.75 0.75–1.50 ... ... ... ...
S15700 632 0.09 1.00 0.040 0.030 1.00 14.00–16.00 6.50–7.75 0.75–1.50 2.00–3.00 ... ... ...
S35500 634 0.10–0.15 0.50–1.25 0.040 0.030 0.50 15.00–16.00 4.00–5.00 ... 2.50–3.25 ... ... D

S17600 635 0.08 1.00 0.040 0.030 1.00 16.00–17.50 6.00–7.50 0.40 ... 0.40–1.20 ... ...
S15500 XM-12 0.07 1.00 0.040 0.030 1.00 14.00–15.50 3.50–5.50 ... ... ... 2.50–4.50 C

S13800 XM-13 0.05 0.20 0.010 0.008 0.10 12.25–13.25 7.50–8.50 0.90–1.35 2.00–2.50 ... ... E

S45500 XM-16 0.03 0.50 0.015 0.015 0.50 11.00–12.50 7.50–9.50 ... 0.50 0.90–1.40 1.50–2.50 F

S45503 ... 0.010 0.50 0.010 0.010 0.20 11.00–12.50 7.50–9.50 ... 0.50 1.00–1.35 1.50–2.50 F

S45000 XM-25 0.05 1.00 0.030 0.030 1.00 14.00–16.00 5.00–7.00 ... 0.50–1.00 ... 1.25–1.75 G

A Limits are in percent maximum unless shown as a range or stated otherwise.
B New designation established in accordance with Practice E 527 and SAEJ1086, Recommended Practice for Numbering Metals and alloys (UNS).
C Columbium plus tantalum 0.15–0.45.
D Nitrogen 0.07–0.13.
E Nitrogen 0.01.
F Columbium plus tantalum 0.10–0.50.
G Columbium 8 times carbon minimum.
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TABLE 2 Solution Heat Treatment

Type
Condi-

tion
Solution Treatment

Mechanical Test Requirements in Solution Treated ConditionA

Tensile Strength, min Yield Strength, min Elongation
in 2 in. [50
mm] or 4D,

min. %

Reduction
of Area,

minute %

HardnessB

ksi [MPa] ksi [MPa]
Rockwell C,

max
Brinell,

max

630 A 1900 6 25°F [1040 6 15°C] (cool
as required to below 90°F [32°C])

. . . . . . . . . . . . . . . . . . 38 363

631 A 1900 6 25°F [1040 6 15°C] (water
quench)

. . . . . . . . . . . . . . . . . . Rb89 229

632 A 1900 6 25°F [1040 6 15°C] (water
quench)

. . . . . . . . . . . . . . . . . . Rb100 269C

634D A 1900 6 25°F [1040 6 15°C]
quench, hold not less than 3 h at
minus 100°F or lower

. . . . . . . . . . . . . . . . . . . . . 363D

635 A 1900 6 25°F [1040 6 15°C] (air
cool)

120 [825] 75 [515] 10 45 32 302

XM-12 A 1900 6 25°F [1040 6 15°C] (cool
as required to below 90°F [32°C])

. . . . . . . . . . . . . . . . . . 38 363

XM-13 A 1700 6 25°F [925 6 15°C] (cool as
required to below 60°F [16°C])

. . . . . . . . . . . . . . . . . . 38 363

XM-16 A 1525 6 25°F [830 6 15°C] (cool
rapidly)

. . . . . . . . . . . . . . . . . . 36 331

S45503 A 1525 6 25°F [830 6 15°C] (cool
rapidly)

. . . . . . . . . . . . . . . . . . 36 331

XM-25 A 1900 6 25°F [1040 6 15°C] (cool
rapidly)

125E [860] 95 [655] 10 40 33 311

A See 6.1.
B Either Rockwell C hardness or Brinell is permissible. On sizes of 1⁄2in. (12.70 mm) and smaller, Rockwell C is preferred.
C 321 BHN for rounds cold drawn after solution treating.
D Equalization and over-tempering treatment 1425 6 50°F [775 6 30°C] for not less than 3 h, cool to room temperature, heat to 1075 6 25°F [580 6 15°C] for not less

than 3 h.
E 125 − 165 ksi [860 − 1140 MPa] for sizes up to 1⁄2 in. [13 mm].
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TABLE 3 Mechanical Test Requirements After Age Hardening Heat Treatment A

Type
Condi-

tion

Suggested Hardening or Aging
Treatment, or bothBCD Applicable

Thickness,
in. and Test
DirectionE

Tensile
Strength,

min

Yield
Strength,

minF

Elon-
gation
in 2 in.

[50 mm]
or 4D,
min. %

Reduc-
tion of
area,

min, %

HardnessG
Impact

Charpy-V,
min

Tem-
perature,
°F [°C]

Time,
h

Quench ksi [MPa] ksi [MPa]
Rock-
well C,

min

Brinell,
min

ft·lbf J

630 H900 900 [480] 1.0 air cool Up to 3 in. incl [75
mm] (L)

190 [1310] 170 [1170] 10 40 40 388 . . . . . .

Over 3 in. [75 mm]
to 8 in. incl [200

mm] (L)

35

H925 925 [495] 4.0 air cool Up to 3 min. incl
[75 mm] (L)

170 [1170] 155 [1070] 10 44 38 375 5 6.8

Over 3 in. [75 mm]
to 8 in. incl [200

mm] (L)

38

H1025 1025 [550] 4.0 air cool 155 [1070] 145 [1000] 12 45 35 331 15 20

H1075 1075 [580] 4.0 air cool 145 [1000] 125 [860] 13 45 32 311 20 27

H1100 1100 [595] 4.0 air cool Up to 8 in. incl [200
mm] (L)

140 [965] 115 [795] 14 45 31 302 25 34

H1150 1150 [620] 4.0 air cool 135 [930] 105 [725] 16 50 28 277 30 41

H1150M 1400 [760] for 2 h, air cool plus
1150 [620] for 4 h, air cool.

115 [795] 75 [520] 18 55 24 255 55 75

631 RH950 1750°F [955°C] for not less than
10 min, but not more than 1 h,
cool rapidly to room temperature.
Cool within 24 h to minus 100 6
10°F [75°C], hold not less than 8
h. Warm in air to room
temperature. Heat to 950°F
[510°C], hold 1 h, air cool.

Up to 4 in. incl.
[100 mm] (L)

185 [1280] 150 [1030] 6 10 41 388 . . . . . .

TH1050 Alternative treatment: 1400°F
[760°C] hold 90 min, cool to 55
6 5°F [15 6 3°C] within 1 h.
Hold not less than 30 min, heat
to 1050°F [565°C] hold for 90
min, air cool.

Up to 6 in. incl [150
mm] (L)

170 [1170] 140 [965] 6 25 38 352 . . . . . .

632 RH950 Up to 4 in. incl [100
mm] (L) 200 [1380] 175 [1210] 7 25 . . . 415 . . . . . .

Same as Type 631
TH1050 Up to 6 in. incl [150

mm] (L)
180 [1240] 160 [1100] 8 25 . . . 375 . . . . . .

634H H1000 1750 [955] for not less than 10
min, but not more than 1 h.
Water quench. Cool to not higher
than minus 100°F [75°C]. Hold
for not less than 3 h. Temper at
1000°F [540°C], holding for not
less than 3 h.

170 [1170] 155 [1070] 12 25 37 341 . . . . . .

635 H950 950 (510) 0.5 air cool 190 [1310] 170 [1170] 8 25 39 363 . . . . . .

H1000 1000 [540] 0.5 air cool 180 [1240] 160 [1100] 8 30 37 352 . . . . . .

H1050 1050 [565] 0.5 air cool 170 [1170] 150 [1035] 10 40 35 331 . . . . . .

XM-12 H900 900 [480] 1.0 air cool Up to 12 in. incl
[300 mm]I (L)

190 [1310] 170 [1170]
10 35

40 388 . . . . . .
Up to 12 in. incl

[300 mm]I(T) 6 15
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TABLE 3 Continued

Type
Condi-

tion

Suggested Hardening or Aging
Treatment, or bothBCD Applicable

Thickness,
in. and Test
DirectionE

Tensile
Strength,

min

Yield
Strength,

minF

Elon-
gation
in 2 in.

[50 mm]
or 4D,
min. %

Reduc-
tion of
area,

min, %

HardnessG
Impact

Charpy-V,
min

Tem-
perature,
°F [°C]

Time,
h

Quench ksi [MPa] ksi [MPa]
Rock-
well C,

min

Brinell,
min

ft·lbf J

H925 925 [495] 4.0 air cool Up to 12 in. incl
[300 mm]I (L)

170 [1170] 155 [1070]
10 38

38 375
5 6.8

Up to 12 in. incl
[300 mm]I(T)

7 20
. . . . . .

H1025 1025 [550] 4.0 air cool Up to 12 in. incl
[300 mm]I (L)

155 [1070] 145 [1000]
12 45

35 331
15 20

Up to 12 in. incl
[300 mm]I(T) 8

27 10 14

H1075 1075 [580] 4.0 air cool Up to 12 in. incl
[300 mm]I (L)

145 [1000] 125 [860]
13 45

32 311
20 27

Up to 12 in. incl
[300 mm]I(T)

9 28 15 20

H1100 1100 [595] 4.0 air cool Up to 12 in. incl
[300 mm]I (L)

140 [965] 115 [795]
14 45

31 302
25 34

Up to 12 in. incl
[300 mm]I(T)

10 29 15 20

H1150 1150 [620] 4.0 air cool Up to 12 in. incl
[300 mm]I (L)

135 [930] 105 [725]
16 50

28 277
30 41

Up to 12 in. incl
[300 mm]I(T)

11 30 20 27

H1150M 1400 [760] for 2 h, air cool plus
1150 [620] for 4 h, air cool

Up to 12 in. incl
[300 mm]I (L)

115 [795] 75 [515]
18 55

24 255
55 75

Up to 12 in. incl
[300 mm]I(T)

14 35 35 47

XM-13 H950 950 [510] 4.0 air cool Up to 12 in. incl
[300 mm]I(L)

220 [1520] 205 [1420] 10
45

45 430 . . . . . .
Up to 12 in. incl

[300 mm]I(T)
35

H1000 1000 [540] 4.0 air cool Up to 12 in. incl
[300 mm]I (L)

205 [1420] 190 [1310]
10 50

43 400 . . . . . .
Up to 12 in. incl

[300 mm]I (T)
10 40

H1025 1025 [550] 4.0 air cool Up to 12 in. incl
[300 mm] (L)

185 [1280] 175 [1210] 11
50

41 380 . . . . . .
Up to 12 in. incl

[300 mm] (T)
45

H1050 1050 [565] 4.0 air cool Up to 12 in. incl
[300 mm] (L)

175 [1210] 165 [1140] 12
50

40 372 . . . . . .
Up to 12 in. incl

[300 mm] (T)
45

H1100 1100 [595] 4.0 air cool Up to 12 in. incl
[300 mm] (L)

150 [1030] 135 [930] 14
50

34 313 . . . . . .
Up to 12 in. incl

[300 mm] (T)
50

H1150 1150 [620] 4.0 air cool Up to 12 in. incl
[300 mm] (L)

135 [930] 90 [620] 14
50

30 283 . . . . . .
Up to 12 in. incl

[300 mm] (T)
50
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TABLE 3 Continued

Type
Condi-

tion

Suggested Hardening or Aging
Treatment, or bothBCD Applicable

Thickness,
in. and Test
DirectionE

Tensile
Strength,

min

Yield
Strength,

minF

Elon-
gation
in 2 in.

[50 mm]
or 4D,
min. %

Reduc-
tion of
area,

min, %

HardnessG
Impact

Charpy-V,
min

Tem-
perature,
°F [°C]

Time,
h

Quench ksi [MPa] ksi [MPa]
Rock-
well C,

min

Brinell,
min

ft·lbf J

H1150M 1400 [760] for 2 h, air cool plus
1150 [620] for 4 h, air cool

Up to 12 in. incl
[300 mm] (L)

125 [860] 85 [585] 16
55

26 259 . . . . . .
Up to 12 in. incl

[300 mm] (T)
55

XM-16I H900 900 [480] 4.0 air cool 235 [1620] 220 [1520] 8 30 47 444 . . . . . .

H950 950 [510] 4.0 air cool
Up to 6 in. incl

[150 mm] (L)
220 [1520] 205 [1410] 10 40 44 415 . . . . . .

H1000 1000 [540] 4.0 air cool 205 [1410] 185 [1280] 10 40 40 363 . . . . . .

S45503J H900 900 [480] 4.0 air cool Up to 6 in. incl [150
mm] (L)

235 [1620] 220 [1520]
8 30

47 444 . . . . . .
Up to 6 in. incl [150

mm]K (T)
4 15

H950 950 [510] 4.0 air cool Up to 6 in. incl [150
mm] (L)

220 [1520] 205 [1410]
10 40

44 415 . . . . . .
Up to 6 in. incl [150

mm]K(T)
5 20

H1000 1000 [540] 4.0 air cool Up to 6 in. incl [150
mm] (L)

205 [1410] 185 [1280]
10 40

40 363 . . . . . .
Up to 6 in. incl [150

mm] (T)
6 25

XM-25J H900 900 [480] 4.0 air cool Up to 8 in. incl [200
mm] 10 40

39 363 . . . . . .
Up to 12 in. incl

300 mmK(L)
180 [1240] 170 [1170] 10 40

Up to 12 in. incl
[300 mm]K(T)

6 20

H950 950 [510] 4.0 air cool Up to 8 in. incl [200
mm] 10 40

37 341 . . . . . .
Up to 12 in incl

[300 mm]K(L)
170 [1170] 160 [1100] 10 40

Up to 12 in. incl
[300 mm]K(T)

7 22

XM-25J H1000 1000 [540] 4.0 air cool Up to 8 in. incl [200
mm] 12 45

36 331 . . . . . .
Up to 12 in. incl

[300 mm]K (L)
160 [1100] 150 [1030] 12 45

Up to 12 in. incl
[300 mm]K (T)

6 27

H1025 1025 [550] 4.0 air cool Up to 8 in. incl [200
mm]

150 [1030] 140 [965] 12 45 34 321 . . . . . .

H1050 1050 [565] 4.0 air cool Up to 8 in. incl [200
mm] 12 45

34 321 . . . . . .
Up to 12 in. incl

[300 mm]K (L)
145 [1000] 135 [930] 12 45

Up to 12 in. incl
[300 mm]K (T)

9 30
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TABLE 3 Continued

Type
Condi-

tion

Suggested Hardening or Aging
Treatment, or bothBCD Applicable

Thickness,
in. and Test
DirectionE

Tensile
Strength,

min

Yield
Strength,

minF

Elon-
gation
in 2 in.

[50 mm]
or 4D,
min. %

Reduc-
tion of
area,

min, %

HardnessG
Impact

Charpy-V,
min

Tem-
perature,
°F [°C]

Time,
h

Quench ksi [MPa] ksi [MPa]
Rock-
well C,

min

Brinell,
min

ft·lbf J

H1100 1100 [595] 4.0 air cool Up to 8 in. incl [200
mm] 16 50

30 285 . . . . . .
Up to 12 in. incl

[300 mm]K (L)
130 [895] 105 [725] 16 50

Up to 12 in. incl
[300 mm]K (T)

11 30

H1150 1150 [620] 4.0 air cool Up to 8 in. incl [200
mm] 15 50

26 262 . . . . . .
Up to 12 in. incl

[300 mm]K (L)
125 [860] 75 [515] 18 55

Up to 12 in. incl
[300 mm]K (T)

12 35

A See 6.1.
B Time refers to minimum time material is at temperature and may be extended to obtain required ductility properties.
C Unless otherwise noted, temperatures shown are suggested temperatures and may be varied to obtain required tensile properties.
D Intermediate temperatures must meet the ductility requirements of the next highest suggested hardening or aging temperature, or both.
Example: Type 630 at 1050°F [565°C] must have 13 % elongation and 45 % reduction, same as for age hardening at 1075°F [580°C].

E (L) - Longitudinal axis of specimen parallel to direction of grain flow during rolling or forging. (T) - Transverse axis of specimen perpendicular to direction of grain flow
during rolling or forging.

F See 6.2.
G Either Rockwell C hardness or Brinell is permissible. On sizes 1⁄2 in. (12.70 mm) and smaller, Rockwell C is preferred.
H Refer to Table 2 for details on equalize and over temper heat treatment.
I Applies to consumable electrode vacuum remelted.
J Only tensile strength applicable to sizes up to 1⁄2in. (13 mm).
K Consumable electrode remelted only.

10. Keywords
10.1 age-hardening stainless steel; precipitation hardening

stainless steel; stainless steel forgings

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: A 713 – 04

Standard Specification for
Steel Wire, High-Carbon Spring, for Heat-Treated
Components 1

This standard is issued under the fixed designation A 713; 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 round carbon spring steel wire
in coils intended for the manufacture of mechanical springs and
wire forms that are heat treated (austenitized, quenched, and
tempered) after fabrication.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 510 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment

A 941 Terminology Relating to Steel, Stainless Steel, Re-
lated Alloys, and Ferroalloys

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance With Specifications

E 30 Test Methods for Chemical Analysis of Steel, Cast
Iron, Open-Hearth Iron, and Wrought Iron3

E 112 Test Methods for Determining Average Grain Size
E 350 Test Methods for Chemical Analysis of Carbon Steel,

Low-Alloy Steel, Silicon Electrical Steel, Ingot Iron, and
Wrought Iron

E 527 Practice for Numbering Metals and Alloys (UNS)
2.2 Society of Automotive Engineers Standard:4

J 1086 Numbering Metals and Alloys

2.3 AIAG Standard:5

AIAGB-5 02.00 Primary Metals Identification Tag Applica-
tion Standard

3. Terminology

3.1 Definitions:
3.1.1 heat-treated components—mechanical springs or wire

forms that are austenitized, quenched, and tempered after
fabrication.

3.2 Refer to Terminology A 941 for a more detailed descrip-
tion of heat-treating terms.

4. Ordering Information

4.1 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for material under this
specification. Such requirements include, but are not limited to,
the following:

4.1.1 Quantity (weight),
4.1.2 Name of material (Sections 1 and 7),
4.1.3 Diameter (Table 1),
4.1.4 Packaging, marking, and loading (Section 12),
4.1.5 ASTM designation and date of issue,
4.1.6 Special requirements (Sections 8 and 9), and
4.1.7 End use.

NOTE 1—A typical ordering description is as follows: Steel Wire, High
Carbon Spring, for Heat-Treated Components, Grade 1070, to ASTM
A 713 dated ________, for Door Closer Springs, 30 000 lb, Size 0.250 in.
in 500-lb Catch Weight Coils.

5. General Requirements for Delivery

5.1 Material furnished under this specification shall con-
form to the applicable requirements of the latest edition of
Specification A 510 unless otherwise specified herein.

6. Materials and Manufacture

6.1 The steel shall be made by the open-hearth, basic-
oxygen, or electric-furnace process.

6.2 The wire, prior to fabrication, shall be thermally treated
or thermally treated and drawn.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1975. Last previous edition approved in 1998 as A 713 – 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.

3 Withdrawn.
4 Available from American Society of Mechanical Engineers (ASME), ASME

International Headquarters, Three Park Ave., New York, NY 10016-5990.

5 Available from Automotive Industry Action Group (AIAG), 26200 Lahser Rd.,
Suite 200, Southfield, MI 48034.

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 The condition or wire (metallurgical and mechanical
properties) to be used is at the discretion of the purchaser and
is generally dependent on the severity of the component part to
be formed.

7. Chemical Composition

7.1 The steel shall conform to the requirements for chemical
composition prescribed in Table 2 for the grade ordered.

7.2 A chemical composition other than those shown in Table
2 may be supplied when agreed upon by the manufacturer and
purchaser.

7.3 An analysis of each cast or heat shall be made by the
manufacturer to determine the percentage of elements specified
in Table 2. The chemical composition thus determined shall be
reported to the purchaser or his representative upon request.

7.4 A product analysis may be made by the purchaser. The
chemical composition thus determined, as to elements required
or restricted, shall conform to permissible variations for
product analysis as specified in Table 10 in Specification
A 510. For referee purposes, Test Methods E 30 or Test
Methods E 350 shall be used.

8. Metallurgical Structure

8.1 Austenitic grain size, when specified, shall be deter-
mined in accordance with the requirements of Test Methods
E 112 or some other mutually agreeable method.

9. Mechanical Properties

9.1 Tensile strength is not normally a requirement. Mini-
mum or maximum values for tensile strength may be agreed
upon between the purchaser and manufacturer and are depen-
dent on the chemical composition, thermal treatment, and
diameter of wire specified.

9.2 Wrap Test:
9.2.1 Requirements—Wire shall wind without fracture on a

cylindrical mandrel of a diameter specified in Table 3. The
wrap test is not applicable to wires over 0.312 in. (8 mm).
Since the conventional methods will not accommodate wire
sizes over 0.312 in., an alternative test procedure may be
agreed upon between the purchaser and manufacturer.

9.2.2 Number of Tests—At least one test specimen shall be
taken for each ten coils or fraction thereof in a lot.

9.2.3 Location of Test—The test specimen shall be taken
from either end of the coil.

9.2.4 Test Method—The wrap test shall be made in accor-
dance with Supplement IV of Test Methods and Definitions
A 370.

10. Dimensions and Tolerances

10.1 The diameter of the wire shall not vary from the
specified size by more than the tolerance shown in Table 1.

11. Workmanship

11.1 The surface of the wire as received shall be substan-
tially free of rust and such other surface imperfections of a
nature or degree, for the grade ordered, that will be detrimental
to the fabrication of the parts.

11.2 Wire drawn as a final operation shall not be kinked or
improperly cast. To test for a cast, a single convolution, or ring,
of wire shall be cut from the bundle and placed on a flat
surface. The wire shall lie substantially flat and not spring up.
The wire shall not show a wavy condition.

11.3 Each coil of wire shall be one continuous length.
11.4 Wire may be processed with welds made prior to wire

drawing. Weld areas need not meet the mechanical require-
ments of the specification. If unmarked welds are unacceptable
to the purchaser, special arrangements should be made with the
manufacturer at the time of purchase.

12. Inspection

12.1 The manufacturer shall afford the inspector represent-
ing the purchaser all reasonable facilities to satisfy him that the

TABLE 1 Permissible Variations in Wire Diameter

NOTE—For purposes of determining conformance with this specifica-
tion, all specified limits are considered absolute as defined in Practice
E 29.

Diameter, in. (mm) Permissible
Variations,

Plus and Mi-
nus, in. (mm)

Permissible
Out-of-Round,

in. (mm)

0.035 to 0.075 (0.89 to 1.90), incl 0.001 (0.03) 0.001 (0.03)
Over 0.075 to 0.375 (1.90 to 9.52), incl 0.002 (0.05) 0.002 (0.05)
Over 0.375 to 0.625 (9.52 to 15.88), incl 0.003 (0.08) 0.003 (0.08)

TABLE 2 Chemical Composition

NOTE— The following ranges of silicon are commonly specified for
high-carbon steels: 0.10 to 0.20 %; 0.15 to 0.30 %; 0.20 to 0.40 %; or 0.30
to 0.60 %.

UNS
DesignationA Grade

Composition, %

Carbon Manga-
nese

Phos-
phorus,

max

Sulfur,
max

G 10550 1055 0.50–0.60 0.60–0.90 0.040 0.050
G 10590 1059 0.55–0.65 0.50–0.80 0.040 0.050
G 10600 1060 0.55–0.65 0.60–0.90 0.040 0.050
G 10640 1064 0.60–0.70 0.50–0.80 0.040 0.050
G 10650 1065 0.60–0.70 0.60–0.90 0.040 0.050
G 10690 1069 0.65–0.75 0.40–0.70 0.040 0.050
G 10700 1070 0.65–0.75 0.60–0.90 0.040 0.050
G 10740 1074 0.70–0.80 0.50–0.80 0.040 0.050
G 10750 1075 0.70–0.80 0.40–0.70 0.040 0.050
G 10780 1078 0.72–0.85 0.30–0.60 0.040 0.050
G 10800 1080 0.75–0.88 0.60–0.90 0.040 0.050
G 10840 1084 0.80–0.93 0.60–0.90 0.040 0.050
G 10860 1086 0.80–0.93 0.30–0.50 0.040 0.050
G 10900 1090 0.85–0.98 0.60–0.90 0.040 0.050
G 10950 1095 0.90–1.03 0.30–0.50 0.040 0.050
G 15610 1561 0.55–0.65 0.75–1.05 0.040 0.050
G 15660 1566 0.60–0.71 0.85–1.15 0.040 0.050
G 15720 1572 0.65–0.76 1.00–1.30 0.040 0.050
ADesignation established in accordance with Practice E 527 and SAE J 1086.

TABLE 3 Wrap Test Requirements

Wire Diameter, in. (mm)

Mandrel Sizes

Grades to
1090

Grades 1090
and Over

Up to 0.162 (4) 13A 23
Over 0.162 to 0.312 (4 to 8), incl 23 33

AThe symbol 3 represents the diameter of the wire tested. For 13 mandrel, wire
may be wrapped around itself.
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material being furnished is in accordance with this specifica-
tion. All tests (except product analysis) and inspections shall be
made at the place of manufacturer prior to shipment, and shall
be so conducted as not to interfere unnecessarily with the
operation of the works.

13. Rejection and Rehearing

13.1 Unless otherwise specified, any rejection based on tests
made in accordance with this specification shall be reported to
the manufacturer within a reasonable length of time.

13.2 Failure of any of the test specimens to comply with the
requirements of this specification shall constitute grounds for
rejection of the lot represented by the specimen. The lot may be
resubmitted for inspection by testing every coil for the char-
acteristic in which the specimen failed and sorting out the
nonconforming coils.

13.3 The material must be adequately protected and cor-
rectly identified in order that the manufacturer may make a
proper investigation.

14. Certification

14.1 Upon request of the purchaser in the contract or
purchase order, a manufacturer’s certification that the material
was manufactured and tested in accordance with this specifi-

cation together with a report of the test results shall be
furnished at the time of shipment.

14.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

15. Packaging, Marking, and Loading

15.1 Packaging of the coils of wire shall be by agreement
between the manufacturer and the purchaser. This agreement
shall include coil dimensions and weights.

15.2 When specified, the packaging, marking, and loading
shall be in accordance with Practices A 700.

15.3 Marking shall be by tag securely attached to each coil
of wire and shall show the identity of the manufacturer, size of
the wire, grade, ASTM specification number, and cast or heat
number.

15.4 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG Standard 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

16. Keywords

16.1 components; heat treated; high-carbon; spring; wire

SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue,
A 713–93 (1998), that may impact the use of this standard. (Approved March 1, 2004.)

(1) Revised 2.1 and 3.2 to change reference to the correct
terminology standard.
(2) Revised Section 4 to eliminate non-mandatory language.
(3) Deleted second sentence of 7.3, since it duplicates Speci-
fication A 510.

(4) Moved previous Section 11 to Section 5 to conform to
preferred Committee A01 style and renumbered subsequent
sections.

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: A 749/A749M – 97 (Reapproved 2002)

Standard Specification for
Steel, Strip, Carbon and High-Strength, Low-Alloy, Hot-
Rolled, General Requirements for 1

This standard is issued under the fixed designation A 749/A749M; 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 general requirements for
hot-rolled steel strip in coils and cut lengths. It applies to
carbon steel and high-strength, low-alloy steel furnished as
hot-rolled.

1.2 This specification is not applicable to hot-rolled heavy-
thickness carbon sheet and strip coils (ASTM Specification
A 635/A 635M), cold-rolled carbon steel strip (ASTM Speci-
fication A 109 or A 109M), high-strength, low-alloy cold-
rolled steel (ASTM Specifications A 606 and A 607) or cold-
rolled carbon spring steel (ASTM Specification A 682 or
A 682M).

1.3 In case of any conflict in requirements, the requirements
of the individual material specification shall prevail over those
of this general specification.

1.4 For the purposes of determining conformance with this
and the appropriate product specification referenced under 2.1,
values shall be rounded to the nearest unit in the right hand
place of figures used in expressing the limiting values in
accordance with the rounding method of Practice E 29.

1.5 Annex A1 lists permissible variations in dimensions and
mass (Note 1) in SI [metric] units. The values listed are not
exact conversions of the values listed in the inch-pound tables,
but instead are rounded or rationalized values. Conformance to
Annex A1 is mandatory when the “M” specification is used.

NOTE 1—The term “weight” is used when inch-pound units are the
standard; however, under SI, the preferred term is “mass.”

1.6 The values stated in either inch-pound units or SI units
are to be regarded 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 must be used inde-
pendently of the other. Combining values from the two systems
may result in nonconformance with the specification.

1.7 This specification and the applicable material specifica-
tions are expressed in both inch-pound units and SI units.

However, unless the order specifies the applicable “M” speci-
fication designation (SI units), the material shall be furnished
to inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:
A 109 Specification for Steel, Strip, Carbon, Cold-Rolled2

A 109M Specification for Steel, Strip, Carbon, Cold-Rolled
(Metric)2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products2

A 606 Specification for Steel, Sheet and Strip, High-
Strength, Low-Alloy, Hot-Rolled and Cold-Rolled, with
Improved Atmospheric Corrosion Resistance2

A 607 Specification for Steel, Sheet and Strip, High-
Strength, Low-Alloy, Columbium or Vanadium, or Both,
Hot-Rolled and Cold-Rolled2

A 635/A635M Specification for Steel, Sheet and Strip,
Heavy-Thickness Coils, Carbon, Hot-Rolled2

A 682 Specification for Steel, Strip, High-Carbon, Cold-
Rolled, Spring Quality, General Requirements For2

A 682M Specification for Steel, Strip, High-Carbon, Cold-
Rolled, Spring Quality, General Requirements For (Met-
ric)2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

E 11 Specification for Wire-Cloth Sieves for Testing Pur-
poses4

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

E 290 Test Method for Semi-Guided Bend Test for Ductility
of Metallic Materials5

2.2 Military Standards:6

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys, and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved November 10, 2002. Published January 2003. Origi-
nally approved in 1981. Last previous edition approved in 1997 as A 749 – 97.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.01.
6 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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MIL-STD-129 Marking for Shipment and Storage
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage
2.3 Federal Standards:6

Fed. Std. No. 123 Marking for Shipments (Civil Agencies)
Fed. Std. No. 183 Continuous Identification Marking of Iron

and Steel Products

3. Terminology

3.1 Definitions of Terms Specific to This Standard:Descrip-
tions of Terms Specific to This Standard:

3.1.1 Steel Types:
3.1.2 carbon steel—the designation for steel when no mini-

mum content is specified or required for aluminum, chromium,
cobalt, columbium, molybdenum, nickel, titanium, tungsten,
vanadium, zirconium, or any element added to obtain a desired
alloying effect; when the specified minimum for copper does
not exceed 0.40 %; or when the maximum content specified for
any of the following elements does not exceed the percentages
noted; manganese 1.65, silicon 0.60, or copper 0.60.

Discussion—In all carbon steels small quantities of certain
residual elements unavoidably retained from raw materials are
sometimes found which are not specified or required, such as
copper, nickel, molybdenum, chromium, etc. These elements
are considered as incidental and are not normally determined or
reported.

3.1.3 high-strength, low-alloy steel—a specific group of
steels in which higher strength, and in some cases additional
resistance to atmospheric corrosion, are obtained by moderate
amounts of one or more alloying elements.

3.1.4 Product Types:
3.1.5 hot-rolled strip—manufactured by hot rolling billets

or slabs to the required thickness. It may be produced single
width or by rolling multiple width and slitting to the desired
width. It can be supplied in coils or cut lengths as specified.

Width, in. Thickness, in.
Over Through Over Through

... 31⁄2 0.044 0.203
31⁄2 6 0.044 0.203
6 12 0.044 0.230 excl

Width, mm Thickness, mm
Over Through Over Through

... 100 1.2 5.0
100 200 1.2 5.0
200 300 1.2 6.0, excl

Hot-rolled, high-strength, low-alloy strip is commonly avail-
able by size as follows:

Width, in. Thickness, in.
Over Through From Through

Coils & Cut
Lengths

Coils
Only

...
6

6
12

0.054
0.054

0.203
0.230

0.230 excl
0.230 excl

Width, mm Thickness, mm
Over Through Over Through

...
200

200
300

1.8
1.8

5.0
6.0, excl

4. Materials and Manufacture

4.1 Unless otherwise specified, hot-rolled material shall be
furnished hot-rolled, not annealed or pickled.

5. Chemical Composition

5.1 Limits:
5.1.1 The chemical composition shall be in accordance with

the applicable product specification. However, if other compo-
sitions are required for carbon steel, they shall be prepared in
accordance with Appendix X1.

5.1.2 Where the material is used for fabrication by welding,
care must be exercised in the selection of chemical composi-
tion or mechanical properties to ensure compatibility with the
welding process and its effect on altering the properties.

5.2 Cast or Heat (Formerly Ladle) Analysis:
5.2.1 An analysis of each cast or heat of steel shall be made

by the manufacturer to determine the percentage of elements
specified or restricted by the applicable specification.

5.2.2 When requested, cast or heat analysis for elements
listed or required shall be reported to the purchaser or to his
representative.

5.3 Product, Check, or Verification Analysis:
5.3.1 Nonkilled steels (such as capped or rimmed) are not

technologically suited to product analysis due to the nonuni-
form character of their chemical composition and therefore, the
tolerances in Table 1 do not apply. Product analysis is appro-
priate on these types of steel only when misapplication is
apparent or for copper when copper steel is specified.

5.3.2 For steels other than nonkilled (capped or rimmed),
product analysis may be made by the purchaser. The chemical
analysis shall not vary from the limits specified by more than
the amounts in Table 1. The several determinations of any
element in a cast shall not vary both above and below the
specified range.

5.4 Sampling for Product Analysis:
5.4.1 To indicate adequately the representative composition

of a cast by product analysis, it is general practice to select
samples to represent the steel, as fairly as possible, from a
minimum number of pieces as follows: 3 pieces for lots up to
15 tons inclusive, and 6 pieces for lots over 15 tons [15 Mg].

5.4.2 When the steel is subject to tension test requirements,
samples for product analysis may be taken either by drilling

TABLE 1 Tolerances for Product Analysis A

Element Limit, or Maximum of
Specified

Element, %

Tolerances

Under Minimum
Limit

Over Maximum
Limit

Carbon to 0.15, incl 0.02 0.03
over 0.15 to 0.40, incl 0.03 0.04
over 0.40 to 0.80, incl 0.03 0.05

over 0.80 0.03 0.06
Manganese to 0.60, incl 0.03 0.03

over 0.60 to 1.15, incl 0.04 0.04
over 1.15 to 1.65, incl 0.05 0.05

Phosphorus . . . 0.01
Sulfur . . . 0.01
Silicon to 0.30, incl 0.02 0.03

over 0.30 to 0.60, incl 0.05 0.05
Copper 0.02 . . .

A See 6.3.1.
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entirely through the used tension test specimens themselves or
in accordance with 5.4.3.

5.4.3 When the steel is not subject to tension test require-
ments, the samples for analysis must be taken by milling or
drilling entirely through the strip in a sufficient number of
places so that the samples are representative of the entire strip.
The sampling may be facilitated by folding the strip both ways,
so that several samples may be taken at one drilling. Steel
subjected to certain heating operations by the purchaser may
not give chemical analysis results that properly represent its
original composition. Therefore, users must analyze chips
taken from the steel in the condition in which it is received
from the steel manufacturer.

5.5 Specimen Preparation—Drillings or chips must be
taken without the application of water, oil, or other lubricant,
and must be free of scale, grease, dirt, or other foreign
substances. They must not be overheated during cutting to the
extent of causing decarburization. Chips must be well mixed,
and those too coarse to pass a No. 10 (2.00-mm) sieve or too
fine to remain on a No. 30 (600-µm) sieve are not suitable for
proper analysis. Sieve size numbers are in accordance with
Specification E 11.

5.6 Test Methods—In case a referee analysis is required and
agreed upon to resolve a dispute concerning the results of a
chemical analysis, the procedure for performing the referee
analysis must be in accordance with the latest issue of Test
Methods, Practices, and Terminology A 751, unless otherwise
agreed upon between the manufacturer and the purchaser.

6. Mechanical Properties

6.1 The mechanical property requirements, number of
specimens, test locations, and specimen orientation shall be in
accordance with the applicable product specification.

6.2 Unless otherwise specified in the applicable product
specification, test specimens must be prepared in accordance
with Test Methods and Definitions A 370.

6.3 Mechanical tests shall be conducted in accordance with
Test Methods and Definitions A 370.

6.4 Bend tests, where required, shall be conducted in
compliance with Test Methods E 290.

6.5 To determine conformance with the product specifica-
tion, a calculated value should be rounded to the nearest 1 ksi
[7 MPa] tensile strength and yield point or yield strength, and
to the nearest unit in the right hand place of figures used in
expressing the limiting value for other values in accordance
with the rounding off method given in Practice E 29.

6.6 Structural steels are commonly fabricated by cold bend-
ing. There are many interrelated factors that affect the ability of
a given steel to cold form over a given radius under shop
conditions. These factors include thickness, strength level,
degree of restraint, relationship to rolling direction, chemistry,
and microstructure. Each of the appropriate product specifica-
tions lists in the appendix the suggested minimum inside radius
for cold bending. These radii should be used as minima for 90°
bends. They presuppose “hard way” bending (bend axis
parallel to rolling direction) and reasonably good shop forming
practices. Where possible, the use of larger radii or “easy way”
bends are recommended for improved performance.

7.7 Fabricators should be aware that cracks may initiate

upon bending a sheared or burned edge. This is not considered
to be a fault of the steel but is rather a function of the induced
cold-work or heat-affected zone.

7. Dimensions, Tolerances, and Allowances

7.1 Dimensions, tolerances, and allowances applicable to
products covered by this specification are contained in Tables
2-9 [Annex A1, Tables A1.1-A1.7]. The appropriate tolerance
tables shall be identified in each individual specification.

8. Workmanship

8.1 Cut lengths shall have a workmanlike appearance and
shall not have imperfections of a nature or degree for the
product, the grade, and the quality ordered that will be
detrimental to the fabrication of the finished part.

8.2 Coils may contain some abnormal imperfections that
render a portion of the coil unusable since the inspection of
coils does not afford the producer the same opportunity to
remove portions containing imperfections as in the case with
cut lengths.

9. Finish and Condition

9.1 Hot-rolled strip has a surface with an oxide or scale
resulting from the hot-rolling operation. The oxide or scale can
be removed by pickling or blast cleaning when required for
press-work operations or welding. Hot-rolled and hot-rolled
descaled strip are not generally used for exposed parts where
surface is of prime importance. However, hot-rolled surface
might be of importance, as in the case of weathering steels for
exposed parts.

9.1.1 Hot-rolled strip can be supplied with mill edges,
square edges, or cut (slit) edges as specified.

9.1.1.1 Mill edges are the natural edges resulting from the
hot-rolling operation and are generally round and smooth
without any definite contour.

9.1.1.2 Square edges are the edges resulting from rolling
through vertical edging rolls during the hot-rolling operations.
These edges are square and smooth, with the corners slightly
rounded.

9.1.1.3 Cut (slit) edges are the normal edges that result from
the shearing, slitting, or trimming of mill edges.

9.1.2 The ends of plain hot-rolled mill-edge coils are
irregular in shape and are referred to as uncropped ends. Where
such ends are not acceptable, the purchaser’s order should so
specify. Processed coils such as pickled or blast cleaned are
supplied with square-cut ends.

9.2 Oiling:

TABLE 2 Index of Tables for Dimensions, Tolerances, and
Allowances

Dimensions Table No.
Inch-Pound Units

SI Units

Camber tolerances 8 A1.6
Crown tolerances 5 A1.3
Flatness tolerances 9 A1.7
Length tolerances 7 A1.5
Thickness tolerances 3, 4 A1.1, A 1.2
Width tolerances 6 A1.4
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9.2.1 Plain hot-rolled strip is customarily furnished not
oiled. Oiling must be specified when required

9.2.2 Hot-rolled pickled or descaled strip is customarily
furnished oiled. If the product is not to be oiled, it must be so
specified since the cleaned surface is prone to rusting.

10. General Requirements for Delivery

10.1 Products covered by this specification are produced to
inch-pound or metric decimal thickness only.

10.2 Steel may be produced as ingot-cast or strand-cast.
When different grades of strand-cast steel are sequentially cast,
identification and separation of the transition material is
required.

11. Retests

11.1 If any test specimen shows defective machining or
develops flaws, it must be discarded and another specimen
substituted.

11.2 If the percentage of elongation of any tension test
specimen is less than that specified and any part of the fracture
is more than3⁄4 in. [20 mm] from the center of the gage length
of a 2-in. [50 mm] specimen or is outside the middle half of the
gage length of an 8-in. [200 mm] specimen, as indicated by
scribe scratches marked on the specimen before testing, a retest
is allowed.

11.3 If a bend specimen fails, due to conditions of bending
more severe than required by the specification, a retest is
permitted either on a duplicate specimen or on a remaining
portion of the failed specimen.

12. Inspection

12.1 When the purchaser’s order stipulates that inspection
and test (except product analyses) for acceptance on the steel
be made prior to shipment from the mill, the manufacturer shall
afford the purchaser’s inspector all reasonable facilities to

TABLE 3 Thickness Tolerances of Hot-Rolled Strip A (Carbon and High-Strength, Low-Alloy Steel)
Ordered to Nominal Thickness

(Coils and Cut Lengths, Including Pickled)

NOTE 1—Micrometres used for measurement of thickness shall be constructed with either flat anvils having a minimum diameter of 0.188 in. or
rounded anvils having a minimum radius of curvature of 0.100 in. Micrometres with pointed anvils are not suitable for thickness measurement.

Specified Width, in. Thickness Tolerance, Over and Under, in., for Specified Nominal Thickness, in.

Over Through Through 0.057
Over 0.057 to

0.118, incl
Over 0.118 to

0.187, incl
Over 0.187 to

0.203, incl
Over 0.203 to

0.230, excl

. . . 3½ 0.003 0.004 0.005 0.006 . . .
3½ 6 0.003 0.005 0.005 0.006 . . .
6 12 0.004 0.005 0.005 0.006 0.006

A Measurements for the above table are taken " in. from the edge of a strip on 1 in. or wider; and at any place on the strip when narrower than 1 in. The given tolerances
do not include crown and therefore the tolerances for crown as shown in Table 5 are in addition to tolerances in Table 3.

TABLE 4 Thickness Tolerances of Hot-Rolled Strip A (Carbon and High-Strength, Low-Alloy Steel) Ordered to Minimum Thickness
(Coils and Cut Lengths, Including Pickling)

NOTE 1—Micrometres used for measurement of thickness shall be constructed with either flat anvils having a minimum diameter of 0.188 in. or
rounded anvils having a minimum radius of curvature of 0.100 in. Micrometres with pointed anvils are not suitable for thickness measurement.

Specified Width, in. Thickness Tolerance, Over Only, for Specified Minimum Thickness, in.

Over Through Through 0.057
Over 0.057 to

0.118, incl
Over 0.118 to

0.187, incl
Over 0.187 to

0.203, incl
Over 0.203 to

0.230, excl

. . . 31⁄2 0.006 0.008 0.010 0.012 . . .
31⁄2 6 0.006 0.010 0.010 0.012 . . .
6 12 0.008 0.010 0.010 0.012 0.012

A Measurements for the above table are taken " in. from the edge of a strip on 1 in. or wider; and at any place on the strip when narrower than 1 in. The given tolerances
do not include crown and therefore the tolerances for crown as shown in Table 5 are in addition to tolerances in Table 4Table 4.

TABLE 5 Crown Tolerances of Hot-Rolled Strip (Carbon and
High-Strength, Low-Alloy Steel)

(Coils and Cut Lengths, Including Pickled)
Strip may be thicker at the center than at a point 3⁄8 in. from the

edge by the following amounts:

Specified Width, in. Crown Tolerance, Over Only, for Specified
Minimum Thickness, in.

Over Through
Through

0.118

Over 0.118
to 0.187,

incl

Over 0.187
to 0.230,

excl

. . . 31⁄2 0.002 0.002 0.001
31⁄2 6 0.003 0.002 0.002
6 12 0.004 0.003 0.003

TABLE 6 Width Tolerances of Hot-Rolled Strip (Carbon and
High-Strength, Low-Alloy Steel)

(Coils and Cut Lengths, Including Pickled)

Specified Width,
in.

Width Tolerance, Over and
Under, in.

Over Through
Mill Edge

and Square
Edge Strip

Cut Edge

Through
0.109 in.

Over
0.109 in.
Through

0.230 excl

. . . 2 1⁄32 0.008 0.016
2 5 3⁄64 0.008 0.016
5 10 1⁄16 0.010 0.016

10 12 3⁄32 0.016 0.016
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satisfy him that the steel is being produced and furnished in
accordance with the specification. Mill inspection by the
purchaser shall not interfere unnecessarily with the manufac-
turer’s operation.

13. Rejection and Rehearing

13.1 Unless otherwise specified, any rejection shall be
reported to the manufacturer within a reasonable time after
receipt of material by the purchaser.

13.2 Material that is reported to be defective subsequent to
the acceptance at the purchaser’s works shall be set aside,
adequately protected, and correctly identified. The manufac-
turer shall be notified as soon as possible so that an investiga-
tion may be initiated.

13.3 Samples that are representative of the rejected material
shall be made available to the manufacturer. In the event that
the manufacturer is dissatisfied with the rejection, he may
request a rehearing.

14. Test Reports and Certification

14.1 When test reports are required by the purchase order or
the material specification, the supplier shall report the results of
all tests required by the material specification and the order.

14.2 When certification is required by the purchase order,
the supplier shall furnish a certification that the material has
been manufactured and tested in accordance with the require-
ments of the material specification.

14.3 A signature is not required on test reports or certifica-
tions. However, the document shall clearly identify the orga-
nization submitting the document. Notwithstanding the ab-
sence of a signature, the organization submitting the document
is responsible for the content of the document.

14.4 When test reports are required, copies of the original
material manufacturer’s test report shall be included with any
subsequent test report.

14.5 A material test report, certificate of inspection, or
similar document printed from or used in electronic form from
an electronic data interchange (EDI) transmission shall be
regarded as having the same validity as a counterpart printed in
the certifier’s facility. The content of the EDI transmitted
document must meet the requirements of the invoked ASTM
standard(s) and conform to any existing EDI agreement be-
tween the purchaser and the supplier. Notwithstanding the
absence of a signature, the organization submitting the EDI
transmission is responsible for the content of the report.

NOTE 2—The industry definition as invoked here is: EDI is the
computer to computer exchange of business information in an agreed upon
standard format such as ANSI ASC X12.

15. Marking

15.1 As a minimum requirement, the material shall be
identified by having the manufacturer’s name, ASTM designa-
tion, weight, purchaser’s order number, and material identifi-
cation legibly stenciled on top of each lift or shown on a tag
attached to each coil or shipping unit.

15.2 When specified in the contract or order, and for direct
procurement by or direct shipment to the government, marking
for shipment, in addition to requirements specified in the
contract or order, shall be in accordance with MIL-STD-129
for military agencies and in accordance with Fed. Std. No. 123
for civil agencies.

15.3 For Government procurement by the Defense Supply
Agency, strip material shall be continuously marked for iden-
tification in accordance with Fed. Std. No. 183.

15.4 Bar coding is acceptable as a supplementary identifi-
cation method. Bar coding should be consistent with the
Automotive Industry Action Group (AIAG) standard prepared
by the primary metals subcommittee of the AIAG bar code
project team.

TABLE 7 Length Tolerances of Hot-Rolled Strip (Carbon and High-Strength Alloy)
(Cut Lengths, Including Pickled)

Specified Widths, in.

Length Tolerances over Specified Length, ft for Widths Given, in. No Tolerance Under

To 5 ft, incl
Over 5 to 10 ft,

incl
Over 10 to 20 ft,

incl
Over 20 to 30 ft,

incl
Over 30 to 40 ft,

incl
Over 40 ft,

incl

To 3, incl 1⁄4 " 1⁄2 3⁄4 1 11⁄2
Over 3 to 6, incl 3⁄8 1⁄2 5⁄8 3⁄4 1 11⁄2
Over 6 to 12, incl 1⁄2 3⁄4 1 11⁄4 11⁄2 13⁄4

TABLE 8 Camber Tolerances A of Hot-Rolled Strip
(Carbon and High-Strength Low-Alloy)

(Coils and Cut Lengths, Including Pickled, Applicable to Mill
Edge, Square Edge, and Slit or Cut Edge)

NOTE 1— Camber is the deviation of a side edge from a straight line.
The standard for measuring this deviation is based on any 8-ft length.B It
is obtained by placing an 8-ft straightedge on the concave side and
measuring the maximum distance between the strip edge and the straight-
edge.

For strip wider than 11⁄2in.—1⁄4 in. in any 8 ft.
For strip 11⁄2 in. and narrower—1⁄2 in. in any 8 ft.

A When the camber tolerances shown in the above table are not suitable for a
particular purpose, hot-rolled strip is sometimes machine straightened.

B For strip less than 8 ft tolerances are to be established in each instance.
A formula for calculating camber is as follows:

L2 3 C1

64 5 C2 in L

where:
C1 = Camber in 8 ft and
C2= Camber in any given lengthL.

TABLE 9 Flatness Tolerances of Hot-Rolled Strip
(Carbon and High-Strength Low-Alloy)

It has not been practicable to formulate flatness tolerances for hot-rolled carbon
strip steel because of the wide range of widths and thicknesses, and variety of
chemical compositions, mechanical properties and types, produced in coils and
cut lengths.
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16. Packaging

16.1 Unless otherwise specified, the strip shall be packaged
and loaded in accordance with Practices A 700.

16.2 When specified in the contract or order, and for direct
procurement by or direct shipment to the government, when
Level A is specified, preservation, packaging, and packing shall
be in accordance with the Level A requirements of MIL-STD-
163.

16.3 When coils are ordered it is customary to specify a
minimum or range of inside diameter, maximum outside
diameter, and a maximum coil weight, if required. The ability
of manufacturers to meet the maximum coil weights depends
upon individual mill equipment. When required, minimum coil
weights are subject to negotiation.

17. Keywords

17.1 carbon; steel; strip

ANNEX

(Mandatory Information)

A1. PERMISSIBLE VARIATIONS IN DIMENSIONS AND MASS IN SI UNITS

A1.1 Listed in Tables A1.1-A1.7 are permissible varia-
tions in dimensions and mass expressed in the International

System of Units (SI) terminology.

TABLE A1.1 Thickness Tolerances of Hot-Rolled Strip A (Carbon and High-Strength, Low-Alloy Steel) Ordered to Nominal Thickness
(Coils and Cut Lengths, Including Pickled)

NOTE 1—Micrometres used for measurement of thickness shall be constructed with either flat anvils having a minimum diameter of 4.80 mm or
rounded anvils having a minimum radius of curvature of 2.55 mm. Micrometres with pointed anvils are not suitable for thickness measurement.

Specified Width, mm Thickness Tolerance, Over and Under, mm, for Specified Nominal Thickness, mm

Over Through Through 1.5
Over 1.5 to 3.0,

incl
Over 3.0 to 4.5,

incl
Over 4.5 to 5.0,

incl
Over 5.0 to 6.0,

excl

. . . 100 0.08 0.10 0.13 0.15 . . .
100 200 0.08 0.13 0.13 0.15 . . .
200 300 0.10 0.13 0.13 0.15 0.15

A Measurements for the above table are taken 10 mm from the edge of a strip on 25 mm or wider; and at any place on the strip when narrower than 25 mm. The given
tolerances do not include crown and therefore the tolerances for crown as shown in Table A1.3 are in addition to tolerances in Table A1.1.
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TABLE A1.2 Thickness Tolerances of Hot-Rolled Strip A (Carbon and High-Strength, Low-Alloy Steel) Ordered
to Minimum Thickness

(Coils and Cut Lengths, Including Pickling)

NOTE 1—Micrometres used for measurement of thickness shall be constructed with either flat anvils having a minimum diameter of 4.80 mm or
rounded anvils having a minimum radius of curvature of 2.55 mm. Micrometres with pointed anvils are not suitable for thickness measurement.

Specified Width, mm Thickness Tolerance, Over Only, for Specified Minimum Thickness, mm

Over Through Through 1.5
Over 1.5 to 3.0,

incl
Over 3.0 to 4.5,

incl
Over 4.5 to 5.0,

incl
Over 5.0 to 6.0,

excl

. . . 100 0.15 0.20 0.25 0.30 . . .
100 200 0.15 0.25 0.25 0.30 . . .
200 300 0.20 0.25 0.25 0.30 0.30

A Measurements for the above table are taken 10 mm from the edge of a strip on 25 mm or wider; and at any place on the strip when narrower than 25 mm. The given
tolerances do not include crown and therefore the tolerances for crown as shown in Table A 1.3 are in addition to tolerances in Table A 1.2.

TABLE A1.3 Crown Tolerances of Hot-Rolled Strip (Carbon and
High-Strength, Low-Alloy Steel)

(Coils and Cut Lengths, Including Pickled)

Specified Width, mm
Crown Tolerance, Over Only, for Specified

Minimum Thickness, mm

Over Through
Through

3.0

Over 3.0
to 4.5,

incl

Over 4.5
to 6.0,

incl

Over 6.0
to 9.5,

incl

. . . 100 0.05 0.05 0.03 . . .
100 200 0.10 0.08 0.05 . . .
200 300 0.10 0.08 0.08 0.05

TABLE A1.4 Width Tolerances of Hot-Rolled Strip (Carbon and
High-Strength, Low-Alloy Steel)

(Coils and Cut Lengths, Including Pickled)

Specified Width, mm Width Tolerance, Over and Under, mm

Over Through
Mill Edge and

Square Edge Strip

Cut Edge

Through 2.5 mm Over 2.5 mm

. . . 50 0.8 0.2 0.4
50 100 1.2 0.2 0.4

100 200 1.6 0.3 0.4
200 300 2.4 0.4 0.4

TABLE A1.5 Length Tolerances of Hot-Rolled Strip (Carbon and High-Strength, Low-Alloy Steel)
(Cut Lengths, Including Pickled)

Specified Widths, mm Length Tolerances Over Specified Length, for Widths Given, No Tolerance Under, mm

Over Through
Through

1500
Over 1500 to

3000, incl
Over 3000 to

6000, incl
Over 6000 to

9000, incl
Over 9000 to
12 000, incl

Over 12 000

. . . 100 10 10 15 20 25 40
100 200 10 15 15 20 25 40
200 300 15 20 25 30 40 45
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APPENDIX

(Nonmandatory Information)

X1. STANDARD CHEMICAL RANGES AND LIMITS

X1.1 Standard chemical ranges and limits are prescribed
for carbon steels in Table X1.1

TABLE X1.1 Standard Chemical Ranges and Limits

NOTE 1—The carbon ranges shown in the column headed “Range” apply when the specified maximum limit for manganese does not exceed 1.00 %.
When the maximum manganese limit exceeds 1.00 %, add 0.01 to the carbon ranges shown below.

Element Carbon Steels Only, Cast or Heat Analysis

Minimum of Specified Element, % Range Lowest, max

Carbon (see Note) to 0.15, incl 0.05 0.08
over 0.15 to 0.30, incl 0.06
over 0.30 to 0.40, incl 0.07
over 0.40 to 0.60, incl 0.08
over 0.60 to 0.80, incl 0.11
over 0.80 to 1.35, incl 0.14

Manganese to 0.50, incl 0.20 0.40
over 0.50 to 1.15, incl 0.30
over 1.15 to 1.65, incl 0.35

Phosphorus to 0.08, incl 0.03 0.030A

over 0.08 to 0.15, incl 0.05
Sulfur to 0.08, incl 0.03 0.035A

over 0.08 to 0.15, incl 0.05
over 0.15 to 0.23, incl 0.07
over 0.23 to 0.33, incl 0.10

Silicon to 0.15, incl 0.08 0.10
over 0.15 to 0.30, incl 0.15
over 0.30 to 0.60, incl 0.30

Copper When copper is required 0.20 min is commonly specified.

A Certain individual specifications provide for lower standard limits for phosphorus and sulfur.

TABLE A1.6 Camber Tolerances A of Hot-Rolled Strip (Carbon
and High-Strength Low-Alloy)

(Coils and Cut Lengths, Including Pickled, Applicable to Mill
Edge, Square Edge, and Slit or Cut Edge)

NOTE 1—Camber is the deviation of a side edge from a straight line.
The standard for measuring this deviation is based on any 2000-mm
length.B It is obtained by placing a 2000-mm straightedge on the concave
side and measuring the maximum distance between the strip edge and the
straightedge.

For strip wider than 50 mm—5.0 mm in any 2000 mm
For strip 50 mm and narrower—10.0 mm in any 2000 mm

A When the camber tolerances shown in the above table are not suitable for a
particular purpose, hot-rolled strip is sometimes machine straightened.

B For strip less than 2000 mm tolerances are to be established in each instance.

TABLE A1.7 Flatness Tolerances of Hot-Rolled Strip (Carbon
and High-Strength Low-Alloy)

It has not been practicable to formulate flatness tolerances for hot-rolled strip
because of the wide range of widths and thicknesses, and variety of chemical
compositions and qualities, produced in coils and cut lengths.
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Designation: A 752 – 04

Standard Specification for
General Requirements for Wire Rods and Coarse Round
Wire, Alloy Steel 1

This standard is issued under the fixed designation A 752; 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 general requirements for alloy
steel rods and uncoated coarse round alloy wire in coils that are
not required to meet hardenability band limits.

1.2 In case of conflict, the requirements in the purchase
order, on the drawing, in the individual specification, and in
this general specification shall prevail in the sequence named.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment

A 919 Terminology Relating to Heat Treatment of Metals3

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

E 30 Test Methods for Chemical Analysis of Steel, Cast
Iron, Open-Hearth Iron, and Wrought Iron3

E 112 Test Methods for Determining Average Grain Size
2.2 AIAG Standard:
AIAGB-5 02.00 Primary Metals Identification Tag Applica-

tion Standard4

3. Terminology

3.1 Description of Terms Specific to This Standard:
3.1.1 alloy steel— steel is considered to be alloy steel when

the maximum of the range given for the content of alloying
elements exceeds one or more of the following limits: manga-
nese 1.65 %, silicon 0.60 %, copper 0.60 %; or in which a
definite range or a definite minimum quantity of any of the
following elements is specified or required within the limits of
the recognized field of constructional alloy steels: aluminum,
chromium up to 3.99 %, cobalt, columbium, molybdenum,
nickel, titanium, tungsten, vanadium, zirconium, or any other
alloying elements added to obtain a desired alloying effect.
Note that aluminum, columbium, and vanadium may also be
used for grain refinement purposes.

3.1.1.1 Boron treatment of alloy steels, which are fine grain,
may be specified to improve hardenability.

3.1.1.2 Other elements, such as lead, selenium, tellurium, or
bismuth, may be specified to improve machinability.

3.1.2 coarse round wire—from 0.035 to 0.999 in. (0.89 to
25.4 mm) in diameter, inclusive, wire produced from hot-rolled
wire rods or hot-rolled coiled bars by one or more cold
reductions primarily for the purpose of obtaining a desired size
with dimensional accuracy, surface finish, and mechanical
properties. By varying the amount of cold reduction and other
wire mill practices, including thermal treatment, a wide diver-
sity of mechanical properties and finishes are made available.

3.1.2.1 Coarse round wire is designated by common frac-
tions or decimal parts of an inch, or millimetres.

3.1.3 wire rods—rods that are hot rolled from billets into an
approximate round cross section and into coils of one continu-
ous length. Rods are not comparable to hot-rolled bars in
accuracy of cross section or surface finish and as a semi-
finished product are primarily for the manufacture of wire.

3.1.3.1 Rod sizes from7⁄32 to 47⁄64 in. (5.6 to 18.7 mm) in
diameter, inclusive, are designated by fractions or decimal
parts of an inch as shown in Table 1.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys, and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1977. Last previous edition approved in 2003 as A 752 – 93 (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.

3 Withdrawn.
4 Available from Automotive Industry Action Group (AIAG), 26200 Lahser Rd.,

Suite 200, Southfield, MI 48034.

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 Sizes of Alloy Steel Wire Rods

Inch
Fraction

Decimal
Equivalent,

in.

Metric
Equivalent,

mm

Inch
Fraction

Decimal
Equivalent,

in.

Metric
Equivalent,

mm

7⁄32 0.219 5.6 31⁄64 0.484 12.3
15⁄64 0.234 6.0 1⁄2 0.500 12.7
1⁄4 0.250 6.4 33⁄64 0.516 13.1

17⁄64 0.266 6.7 17⁄32 0.531 13.5
9⁄32 0.281 7.1 35⁄64 0.547 13.9

19⁄64 0.297 7.5 9⁄16 0.562 14.3
5⁄16 0.312 7.9 37⁄64 0.578 14.7

21⁄64 0.328 8.3 19⁄32 0.594 15.1
11⁄32 0.344 8.7 39⁄64 0.609 15.5
23⁄64 0.359 9.1 5⁄8 0.625 15.9
3⁄8 0.375 9.5 41⁄64 0.641 16.3

25⁄64 0.391 9.9 21⁄32 0.656 16.7
13⁄32 0.406 10.3 43⁄64 0.672 17.1
27⁄64 0.422 10.7 11⁄16 0.688 17.5

7⁄16 0.438 11.1 45⁄64 0.703 17.9
29⁄64 0.453 11.5 23⁄32 0.719 18.3
15⁄32 0.469 11.9 47⁄64 0.734 18.7

4. Ordering Information

4.1 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for hot-rolled wire rods
under this specification. Such requirements include, but are not
limited to, the following:

4.1.1 Quantity (pounds),
4.1.2 Name of material (wire rods),
4.1.3 Diameter (Table 1),
4.1.4 Chemical composition grade number (Table 2),
4.1.5 Thermal treatment, if required,
4.1.6 Packaging, and
4.1.7 ASTM designation and date of issue.

NOTE 1—A typical ordering description is as follows: 80 000 lb
Hot-Rolled Alloy Steel Wire Rods,1⁄4 in., Grade 4135 in 2 000-lb
maximum coils to ASTM A 752-XX.

4.2 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for coarse round wire under
this specification. Such requirements include, but are not
limited to, the following:

4.2.1 Quantity (pounds),
4.2.2 Name of material (alloy steel wire),
4.2.3 Diameter (see 3.1.3.1),
4.2.4 Chemical composition (Table 2 or Table 3),
4.2.5 Thermal treatment, if required,
4.2.6 Packaging,
4.2.7 ASTM designation A 752 and date of issue, and
4.2.8 Special requirements, if any.

NOTE 2—A typical ordering description is as follows: 40 000 lb, Alloy
Steel Wire, 0.312 in. diameter, Grade 8620, annealed at finish size, in
500-lb Catch Weight Coils on Tubular Carriers to ASTM A 752-XX.

TABLE 2 Chemical Composition Ranges and Limits for Cast or Heat Analysis

NOTE 1—Grades shown in this table with prefix letter E are normally only made by the basic electric furnace process. All others are normally
manufactured by the basic open hearth or basic oxygen processes but may be manufactured by a basic electric furnace process. If the electric furnace
process is specified or required for grades other than those designated above, the limits for phosphorus and sulfur are respectively 0.025 % max.

NOTE 2—Small quantities of certain elements, which are not specified or required, are present in alloy steels. These elements are considered as
incidental and may be present to the following maximum amounts: copper, 0.35 %, nickel, 0.25 %, chromium, 0.20 %, molybdenum, 0.06 %.

NOTE 3—Where minimum and maximum sulfur content is shown it is indicative of resulfurized steel.

NOTE 4—The chemical ranges and limits shown in Table 2 are produced to check, product, or verification analysis tolerances shown in Table 4.

NOTE 5—Standard alloy steels can be produced with a lead range of 0.15 to 0.35 %. Such steels are identified by inserting the letter “L’’ between the
second and third numerals of the Grade number, for example, 41L40. Lead is reported only as a range of 0.15 to 0.35 % since it is added to the mold
as the steel is poured.

UNS Desig-
nation

Grade No.

Chemical Composition, Ranges and Limits, %

Carbon Manganese
Phos-

phorus,
max

Sulfur,
max

Silicon Nickel Chromium
Molyb-
denum

STANDARD ALLOY STEELS

G13300 1330 0.28 to 0.33 1.60 to 1.90 0.035 0.040 0.15 to 0.30 . . . . . . . . .
G13350 1335 0.33 to 0.38 1.60 to 1.90 0.035 0.040 0.15 to 0.30 . . . . . . . . .
G13400 1340 0.38 to 0.43 1.60 to 1.90 0.035 0.040 0.15 to 0.30 . . . . . . . . .
G13450 1345 0.43 to 0.48 1.60 to 1.90 0.035 0.040 0.15 to 0.30 . . . . . . . . .
G40120 4012 0.09 to 0.14 0.75 to 1.00 0.035 0.040 0.15 to 0.30 . . . . . . 0.15 to 0.25
G40230 4023 0.20 to 0.25 0.70 to 0.90 0.035 0.040 0.15 to 0.30 . . . . . . 0.20 to 0.30
G40240 4024 0.20 to 0.25 0.70 to 0.90 0.035 0.035 to

0.050
0.15 to 0.30 . . . . . . 0.20 to 0.30

A 752 – 04
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TABLE 2 Continued

UNS Desig-
nation

Grade No.

Chemical Composition, Ranges and Limits, %

Carbon Manganese
Phos-

phorus,
max

Sulfur,
max

Silicon Nickel Chromium
Molyb-
denum

G40270 4027 0.25 to 0.30 0.70 to 0.90 0.035 0.040 0.15 to 0.30 . . . . . . 0.20 to 0.30
G40280 4028 0.25 to 0.30 0.70 to 0.90 0.035 0.035 to

0.050
0.15 to 0.30 . . . . . . 0.20 to 0.30

G40370 4037 0.35 to 0.40 0.70 to 0.90 0.035 0.040 0.15 to 0.30 . . . . . . 0.20 to 0.30
G40470 4047 0.45 to 0.50 0.70 to 0.90 0.035 0.040 0.15 to 0.30 . . . . . . 0.20 to 0.30
G41180 4118 0.18 to 0.23 0.70 to 0.90 0.035 0.040 0.15 to 0.30 . . . 0.40 to 0.60 0.08 to 0.15
G41300 4130 0.28 to 0.33 0.40 to 0.60 0.035 0.040 0.15 to 0.30 . . . 0.80 to 1.10 0.15 to 0.25
G41370 4137 0.35 to 0.40 0.70 to 0.90 0.035 0.040 0.15 to 0.30 . . . 0.80 to 1.10 0.15 to 0.25
G41400 4140 0.38 to 0.43 0.75 to 1.00 0.035 0.040 0.15 to 0.30 . . . 0.80 to 1.10 0.15 to 0.25
G41420 4142 0.40 to 0.45 0.75 to 1.00 0.035 0.040 0.15 to 0.30 . . . 0.80 to 1.10 0.15 to 0.25
G41450 4145 0.43 to 0.48 0.75 to 1.00 0.035 0.040 0.15 to 0.30 . . . 0.80 to 1.10 0.15 to 0.25
G41470 4147 0.45 to 0.50 0.75 to 1.00 0.035 0.040 0.15 to 0.30 . . . 0.80 to 1.10 0.15 to 0.25
G41500 4150 0.48 to 0.53 0.75 to 1.00 0.035 0.040 0.15 to 0.30 . . . 0.80 to 1.10 0.15 to 0.25
G41610 4161 0.56 to 0.64 0.75 to 1.00 0.035 0.040 0.15 to 0.30 . . . 0.70 to 0.90 0.25 to 0.35
G43200 4320 0.17 to 0.22 0.45 to 0.65 0.035 0.040 0.15 to 0.30 1.65 to 2.00 0.40 to 0.60 0.20 to 0.30
G43400 4340 0.38 to 0.43 0.60 to 0.80 0.035 0.040 0.15 to 0.30 1.65 to 2.00 0.70 to 0.90 0.20 to 0.30
G43406 E4340 0.38 to 0.43 0.65 to 0.85 0.025 0.025 0.15 to 0.30 1.65 to 2.00 0.70 to 0.90 0.20 to 0.30
G44190 4419 0.18 to 0.23 0.45 to 0.65 0.035 0.040 0.15 to 0.30 . . . . . . 0.45 to 0.60
G46150 4615 0.13 to 0.18 0.45 to 0.65 0.035 0.040 0.15 to 0.30 1.65 to 2.00 . . . 0.20 to 0.30
G46200 4620 0.17 to 0.22 0.45 to 0.65 0.035 0.040 0.15 to 0.30 1.65 to 2.00 . . . 0.20 to 0.30
G46210 4621 0.18 to 0.23 0.70 to 0.90 0.035 0.040 0.15 to 0.30 1.65 to 2.00 . . . 0.20 to 0.30
G46260 4626 0.24 to 0.29 0.45 to 0.65 0.035 0.040 0.15 to 0.30 0.70 to 1.00 . . . 0.15 to 0.25
G47180 4718 0.16 to 0.21 0.70 to 0.90 0.035 0.040 0.15 to 0.30 0.90 to 1.20 0.35 to 0.55 0.30 to 0.40
G47200 4720 0.17 to 0.22 0.50 to 0.70 0.035 0.040 0.15 to 0.30 0.90 to 1.20 0.35 to 0.55 0.15 to 0.25
G48150 4815 0.13 to 0.18 0.40 to 0.60 0.035 0.040 0.15 to 0.30 3.25 to 3.75 . . . 0.20 to 0.30
G48170 4817 0.15 to 0.20 0.40 to 0.60 0.035 0.040 0.15 to 0.30 3.25 to 3.75 . . . 0.20 to 0.30
G48200 4820 0.18 to 0.23 0.50 to 0.70 0.035 0.040 0.15 to 0.30 3.25 to 3.75 . . . 0.20 to 0.30
G50150 5015 0.12 to 0.17 0.30 to 0.50 0.035 0.040 0.15 to 0.30 . . . 0.30 to 0.50 . . .
G51200 5120 0.17 to 0.22 0.70 to 0.90 0.035 0.040 0.15 to 0.30 . . . 0.70 to 0.90 . . .
G51300 5130 0.28 to 0.33 0.70 to 0.90 0.035 0.040 0.15 to 0.30 . . . 0.80 to 1.10 . . .
G51320 5132 0.30 to 0.35 0.60 to 0.80 0.035 0.040 0.15 to 0.30 . . . 0.75 to 1.00 . . .
G51350 5135 0.33 to 0.38 0.60 to 0.80 0.035 0.040 0.15 to 0.30 . . . 0.80 to 1.05 . . .
G51400 5140 0.38 to 0.43 0.70 to 0.90 0.035 0.040 0.15 to 0.30 . . . 0.70 to 0.90 . . .
G51450 5145 0.43 to 0.48 0.70 to 0.90 0.035 0.040 0.15 to 0.30 . . . 0.70 to 0.90 . . .
G51470 5147 0.46 to 0.51 0.70 to 0.95 0.035 0.040 0.15 to 0.30 . . . 0.85 to 1.15 . . .
G51500 5150 0.48 to 0.53 0.70 to 0.90 0.035 0.040 0.15 to 0.30 . . . 0.70 to 0.90 . . .
G51550 5155 0.51 to 0.59 0.70 to 0.90 0.035 0.040 0.15 to 0.30 . . . 0.70 to 0.90 . . .
G51600 5160 0.56 to 0.64 0.75 to 1.00 0.035 0.040 0.15 to 0.30 . . . 0.70 to 0.90 . . .
. . . E51100 0.98 to 1.10 0.25 to 0.45 0.025 0.025 0.15 to 0.30 . . . 0.90 to 1.15 . . .
. . . E52100 0.98 to 1.10 0.25 to 0.45 0.025 0.025 0.15 to 0.30 . . . 1.30 to 1.60 . . .

UNS Desig-
nation

Grade No.
Chemical Composition, Ranges and Limits, %

Carbon Manganese
Phosphorus,

max
Sulfur, max Silicon Nickel Chromium Other Elements

Vanadium

G61180 6118 0.16 to 0.21 0.50 to 0.70 0.035 0.040 0.15 to 0.30 . . . 0.50 to 0.70 0.10 to 0.15
G61500 6150 0.48 to 0.53 0.70 to 0.90 0.035 0.040 0.15 to 0.30 . . . 0.80 to 1.10 0.15 min

Molyb-
denum

STANDARD ALLOY STEELS

G86150 8615 0.13 to 0.18 0.70 to 0.90 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86170 8617 0.15 to 0.20 0.70 to 0.90 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86200 8620 0.18 to 0.23 0.70 to 0.90 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86220 8622 0.20 to 0.25 0.70 to 0.90 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86250 8625 0.23 to 0.28 0.70 to 0.90 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86270 8627 0.25 to 0.30 0.70 to 0.90 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86300 8630 0.28 to 0.33 0.70 to 0.90 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86370 8637 0.35 to 0.40 0.75 to 1.00 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86400 8640 0.38 to 0.43 0.75 to 1.00 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86420 8642 0.40 to 0.45 0.75 to 1.00 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86450 8645 0.43 to 0.48 0.75 to 1.00 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86550 8655 0.51 to 0.59 0.75 to 1.00 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G87200 8720 0.18 to 0.23 0.70 to 0.90 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.20 to 0.30
G87400 8740 0.38 to 0.43 0.75 to 1.00 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.20 to 0.30
G88220 8822 0.20 to 0.25 0.75 to 1.00 0.035 0.040 0.15 to 0.30 0.40 to 0.70 0.40 to 0.60 0.30 to 0.40
G92540 9254 0.51 to 0.59 0.60 to 0.80 0.035 0.040 1.20 to 1.60 . . . 0.60 to 0.80 . . .
G92550 9255 0.51 to 0.59 0.70 to 0.95 0.035 0.040 1.80 to 2.20 . . . . . . . . .
G92600 9260 0.56 to 0.64 0.75 to 1.00 0.035 0.040 1.80 to 2.20 . . . . . . . . .

STANDARD BORON ALLOY STEELSA
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TABLE 2 Continued

UNS Desig-
nation

Grade No.

Chemical Composition, Ranges and Limits, %

Carbon Manganese
Phos-

phorus,
max

Sulfur,
max

Silicon Nickel Chromium
Molyb-
denum

G50441 50B44 0.43 to 0.48 0.75 to 1.00 0.035 0.040 0.15 to 0.30 . . . 0.40 to 0.60 . . .
G50461 50B46 0.44 to 0.49 0.75 to 1.00 0.035 0.040 0.15 to 0.30 . . . 0.20 to 0.35 . . .
G50501 50B50 0.48 to 0.53 0.75 to 1.00 0.035 0.040 0.15 to 0.30 . . . 0.40 to 0.60 . . .
G50601 50B60 0.56 to 0.64 0.75 to 1.00 0.035 0.040 0.15 to 0.30 . . . 0.40 to 0.60 . . .
G51601 51B60 0.56 to 0.64 0.75 to 1.00 0.035 0.040 0.15 to 0.30 . . . 0.70 to 0.90 . . .
G81451 81B45 0.43 to 0.48 0.75 to 1.00 0.035 0.040 0.15 to 0.30 0.20 to 0.40 0.35 to 0.55 0.08 to 0.15
G94171 94B17 0.15 to 0.20 0.75 to 1.00 0.035 0.040 0.15 to 0.30 0.30 to 0.60 0.30 to 0.50 0.08 to 0.15
G94301 94B30 0.28 to 0.33 0.75 to 1.00 0.035 0.040 0.15 to 0.30 0.30 to 0.60 0.30 to 0.50 0.08 to 0.15

A These steels can be expected to a minimum boron content of 0.0005 %.

5. Manufacture

5.1 The product of the steel making processes is either cast
into ingots that are hot rolled to blooms or billets, or strand cast
directly into blooms or billets for subsequent processing into
rods.

6. Chemical Composition

6.1 The chemical composition for alloy steel under this
specification shall conform to the requirements set forth in the
purchase order. The grades commonly specified for alloy steel
wire rods and alloy steel wire are shown in Table 2. For
specified compositions not contained in Table 2 the ranges and
limits expressed in Table 3 shall apply unless other such ranges
and limits shall have been agreed upon between the purchaser
and the manufacturer.

6.2 Cast or Heat Analysis—An analysis of each cast or heat
shall be made by the producer to determine the percentage of
the elements specified. The analysis shall be made from a test
sample preferably taken during the pouring of the cast or heat.
The chemical composition thus determined shall be reported, if
required, to the purchaser or his representative.

6.3 Product Analysis—A product analysis may be made by
the purchaser. The analysis is not used for a duplicate analysis

to confirm a previous result. The purpose of the product
analysis is to verify that the chemical composition is within
specified limits for each element, including applicable permis-
sible variations in product analysis. The results of analyses
taken from different pieces of a heat may differ within
permissible limits from each other and from the heat analysis.
Table 4 shows the permissible variations for product analysis
of alloy steel. The results of the product analysis, except lead,
shall not vary both above and below the specified ranges.

6.3.1 The location from which chips for product analysis are
obtained is important because of normal segregation. For rods
and wire, chips must be taken by milling or machining the full
cross section of the sample.

6.3.1.1 Steel subjected to certain thermal treatments by the
purchaser may not give chemical analysis results that properly
represent its original composition. Therefore, purchasers
should analyze chips taken from the steel in the condition in
which it is received from the producer.

6.3.1.2 When samples are returned to the producer for
product analysis, the samples should consist of pieces of the
full cross section.

6.3.2 For referee purposes, Test Methods E 30 shall be used.

TABLE 3 Alloy Steels—Chemical Composition Ranges and Limits for Cast or Heat Analysis

NOTE 1—Boron steels can be expected to have a 0.0005 % minimum boron content.

NOTE 2—Alloy steels can be produced with a lead range of 0.15 to 0.35 %. Lead is reported only as a range of 0.15 to 0.35 % since it is added to the
mold as the steel is poured.

NOTE 3—The chemical ranges and limits of alloy steels are produced to the check, product, or verification analysis tolerances shown in Table 4.

Element
When Maximum of
Specified Element

is, %

Range, %

Maximum
Limit, %A

Open-
Hearth

or Basic
Oxygen

Steel

Electric
Furnace

Steel

Carbon To 0.55, incl 0.05 0.05
Over 0.55 to 0.70, incl 0.08 0.07
Over 0.70 to 0.80, incl 0.10 0.09
Over 0.80 to 0.95, incl 0.12 0.11
Over 0.95 to 1.35, incl 0.13 0.12

Manganese To 0.60, incl 0.20 0.15
Over 0.60 to 0.90, incl 0.20 0.20
Over 0.90 to 1.05, incl 0.25 0.25
Over 1.05 to 1.90, incl 0.30 0.30
Over 1.90 to 2.10, incl 0.40 0.35
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TABLE 3 Continued

Element
When Maximum of
Specified Element

is, %

Range, %

Maximum
Limit, %A

Open-
Hearth

or Basic
Oxygen

Steel

Electric
Furnace

Steel

Phosphorus Basic open-hearth or ba-
sic oxygen steel
Basic electric furnace
steel

0.035
0.025

Sulfur To 0.050, incl 0.015 0.015
Over 0.050 to 0.07, incl 0.02 0.02
Over 0.07 to 0.10, incl 0.04 0.04
Over 0.10 to 0.14, incl 0.05 0.05 0.040
Basic open hearth or ba-
sic oxygen steel

0.025

Basic electric furnace
steel

Silicon To 0.15, incl 0.08 0.08
Over 0.15 to 0.20, incl 0.10 0.10
Over 0.20 to 0.40, incl 0.15 0.15
Over 0.40 to 0.60, incl 0.20 0.20
Over 0.60 to 1.00, incl 0.30 0.30
Over 1.00 to 2.20, incl 0.40 0.35

Nickel To 0.50, incl 0.20 0.20
Over 0.50 to 1.50, incl 0.30 0.30
Over 1.50 to 2.00, incl 0.35 0.35
Over 2.00 to 3.00, incl 0.40 0.40
Over 3.00 to 5.30, incl 0.50 0.50
Over 5.30 to 10.00, incl 1.00 1.00

Chromium To 0.40, incl 0.15 0.15
Over 0.40 to 0.90, incl 0.20 0.20
Over 0.90 to 1.05, incl 0.25 0.25
Over 1.05 to 1.60, incl 0.30 0.30
Over 1.60 to 1.75, incl B 0.35
Over 1.75 to 2.10, incl B 0.40
Over 2.10 to 3.99, incl B 0.50

Molybdenum To 0.10, incl 0.05 0.05
Over 0.10 to 0.20, incl 0.07 0.07
Over 0.20 to 0.50, incl 0.10 0.10
Over 0.50 to 0.80, incl 0.15 0.15
Over 0.80 to 1.15, incl 0.20 0.20

Tungsten To 0.50, incl
Over 0.50 to 1.00, incl
Over 1.00 to 2.00, incl
Over 2.00 to 4.00, incl

0.20
0.30
0.50
0.60

0.20
0.30
0.50
0.60

Vanadium To 0.25, incl
Over 0.25 to 0.50, incl

0.05
0.10

0.05
0.10

Aluminum Up to 0.10, incl 0.05 0.05
Over 0.10 to 0.20, incl 0.10 0.10
Over 0.20 to 0.30, incl 0.15 0.15
Over 0.30 to 0.80, incl 0.25 0.25
Over 0.80 to 1.30, incl 0.35 0.35
Over 1.30 to 1.80, incl 0.45 0.45

Copper To 0.60, incl
Over 0.60 to 1.50, incl
Over 1.50 to 2.00, incl

0.20
0.30
0.35

0.20
0.30
0.35

A Applies to only nonrephosphorized and nonresulfurized steels.
B Not normally produced in open hearth.

TABLE 4 Product or Verification Analysis Tolerances—Alloy Steels

Element
Limit or Maximum of Specified

Range, %
Tolerance Over Maximum Limit

or Under Minimum Limit, %

Carbon To 0.30, incl
Over 0.30 to 0.75, incl
Over 0.75

0.01
0.02
0.03

Manganese To 0.90, incl
Over 0.90 to 2.10, incl

0.03
0.04

Phosphorus Over max only 0.005
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TABLE 4 Continued

Element
Limit or Maximum of Specified

Range, %
Tolerance Over Maximum Limit

or Under Minimum Limit, %

Sulfur To 0.060, inclA 0.005
Silicon To 0.40, incl

Over 0.40 to 2.20, incl
0.02
0.05

Nickel To 1.00, incl 0.03
Over 1.00 to 2.00, incl 0.05
Over 2.00 to 5.30, incl 0.07
Over 5.30 to 10.00, incl 0.10

Chromium To 0.90, incl
Over 0.90 to 2.10, incl
Over 2.10 to 3.99, incl

0.03
0.05
0.10

Molybdenum To 0.20, incl
Over 0.20 to 0.40, incl
Over 0.40 to 1.15, incl

0.01
0.02
0.03

Vanadium To 0.10, incl 0.01
Over 0.10 to 0.25, incl 0.02
Over 0.25 to 0.50, incl 0.03
Min value specified, check under
min limit

0.01

Tungsten To 1.00, incl
Over 1.00 to 4.00, incl

0.04
0.08

Aluminum Up to 0.10, incl 0.03
Over 0.10 to 0.20, incl 0.04
Over 0.20 to 0.30, incl 0.05
Over 0.30 to 0.80, incl 0.07
Over 0.80 to 1.80, incl 0.10

Lead 0.15 to 0.35, incl 0.03B

Copper To 1.00, incl
Over 1.00 to 2.00, incl

0.03
0.05

A Sulfur over 0.060 % is not subject to check, product, or verification analysis.
B Tolerance is over and under.

7. Metallurgical Structure

7.1 Grain size when specified shall be determined in accor-
dance with the requirements of Test Methods E 112.

7.2 Alloy steel wire rods may be specified as annealed,
spheroidize annealed, or patented. Refer to Terminology A 919
for definitions.

7.3 Alloy steel wire may be specified as drawn from
annealed, spheroidize annealed or patented wire rod or bars;
also as annealed, spheroidize annealed, patented, or oil tem-
pered at finish size. Refer to Terminology A 919 for definitions.

8. Mechanical Properties

8.1 The properties enumerated in individual specifications
shall be determined in accordance with Test Methods and
Definitions A 370.

8.2 The maximum expected tensile strengths for the more
common grades of alloy rods with regular mill annealing
(non-spheroidized) are shown in Table 5.

8.3 Because of the great variety in the kinds and grades of
rods and wire and the extensive diversity of application, a
number of formal mechanical test procedures have been
developed. These tests are used as control tests by producers
during intermediate stages of wire processing, as well as for
final testing of the finished product, and apply particularly to
rods and wire for specific applications. A number of these tests
are further described in Supplement IV, Round Wire Products,
of Test Methods and Definitions A 370.

8.4 Since the general utility of rods and wire require
continuity of length, in the case of rods, tests are commonly

made on samples taken from the ends of coils after removing
two to three rings; in the case of wire, tests are commonly
taken from the ends of the coils, thereby not impairing the
usefulness of the whole coil.

9. Dimensions and Permissible Variation

9.1 The diameter and out-of-roundness of the alloy wire rod
shall not vary from that specified by more than that prescribed
in Table 6.

9.2 The diameter and out-of-roundness of the alloy coarse
round wire shall not vary from that specified by more than that
prescribed in Table 7.

10. Workmanship, Finish, and Appearance

10.1 The alloy wire rod shall be free from detrimental
surface imperfections, tangles, and sharp kinks.

10.1.1 Two or more rod coils may be welded together to
produce a larger coil. The weld zone may not be as sound as the
original material. The mechanical properties existing in the
weld zone may differ from those in the unaffected base metal.
The weld may exceed the permissible variations for diameter
and out-of-roundness on the minus side of the permissible
variation but not on the plus side.

10.2 The wire as received shall be smooth and substantially
free of rust, shall not be kinked or improperly cast. No
detrimental die marks or scratches may be present. Each coil
shall be one continuous length of wire. Welds made during cold
drawing are permitted.
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TABLE 5 Maximum Expected Tensile Strengths for Annealed Alloy Steel Rods

NOTE 1—Specific microstructures such as spheroidize anneal or lamellar pearlite anneal may require modification of these tensile strength values.

UNS Desig-
nation

Grade No.
Tensile

Strength,
ksi (MPa)

UNS Desig-
nation

Grade No.
Tensile

Strength,
ksi (MPa)

G13300 1330 88 (610) G50501 50B50 97 (670)
G13350 1335 90 (620) G50601 50B60 103 (710)
G13400 1340 92 (630) G51200 5120 82 (570)
G13450 1345 97 (670) G51300 5130 84 (580)
G40120 4012 71 (490) G51320 5132 84 (580)
G40230 4023 73 (500) G51350 5135 86 (590)
G40240 4024 73 (500) G51400 5140 90 (620)
G40270 4027 82 (570) G51450 5145 94 (650)
G40280 4028 82 (570) G51470 5147 99 (680)
G40370 4037 89 (610) G51500 5150 97 (670)
G40470 4047 97 (670) G51550 5155 103 (710)
G41180 4118 82 (570) G51600 5160 104 (720)
G41300 4130 86 (590) G51601 51B60 109 (750)
G41370 4137 92 (630) G61180 6118 80 (550)
G41400 4140 94 (650) G61500 6150 97 (670)
G41420 4142 97 (670) G81451 81B45 92 (630)
G41450 4145 99 (680) G86150 8615 80 (550)
G41470 4147 100 (690) G86170 8617 80 (550)
G41500 4150 100 (690) G86200 8620 82 (570)
G41610 4161 111 (770) G86220 8622 84 (580)
G43200 4320 94 (650) G86250 8625 84 (580)
G43400 4340 104 (720) G86270 8627 84 (580)
G44190 4419 82 (570) G86300 8630 88 (610)
G46150 4615 80 (550) G86370 8637 92 (630)
G46200 4620 82 (570) G86400 8640 94 (650)
G46210 4621 82 (570) G86420 8642 97 (670)
G46260 4626 84 (580) G86450 8645 99 (680)
G47180 4718 84 (580) G86550 8655 104 (720)
G47200 4720 82 (570) G87200 8720 82 (570)
G48150 4815 92 (630) G87400 8740 97 (670)
G48170 4817 94 (650) G88220 8822 88 (610)
G48200 4820 94 (650) G92540 9254 111 (770)
G50150 5015 73 (500) G92550 9255 111 (770)
G50441 50B44 94 (650) G92600 9260 111 (770)
G50461 50B46 92 (630) G94171 94B17 73 (500)

G94301 94B30 84 (580)

11. Retests

11.1 The difficulties in obtaining truly representative
samples of wire rod and coarse round wire without destroying
the usefulness of the coil account for the generally accepted
practice of allowing retests for mechanical tests and surface
examination. An additional test piece is cut from each end of
the coil from which the original sample was taken. A portion of

the coil may be discarded prior to cutting the sample for retest.
If any of the retests fail to comply with the requirements, the
coil of rod or wire may be rejected. Before final rejection,
however, it is frequently advisable to base the final decision on
an actual trial of the material to determine whether or not it will
perform the function for which it is intended.

TABLE 6 Permissible Variation in Diameter of Alloy Wire Rod in Coils

NOTE 1— For purposes of determining conformance with this specification, all specified limits in Table 6 are absolute limits as defined in Practice E 29.

Diameter of Rod
Permissible
Variation,
Plus and
Minus,

in. (mm)

Permissible
Out-of-Round

in. (mm)Fractions, in. Decimal, in. (mm)

7⁄32 to 47⁄64 , incl 0.219 to 0.734
(5.6 to 18.7), incl

0.016
(0.41)

0.025
(0.64)
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TABLE 7 Permissible Variation in Diameter for Alloy Coarse Round Wire

NOTE 1—For purposes of determining conformance with this specification, all specified limits in Table 7 are absolute limits as defined in Practice E 29.

Diameter of Wire, in. (mm)

Permissible
Variation,

Plus and Minus,
in. (mm)

Permissible
Out-of-Round,

in. (mm)

0.035 to 0.075 (0.89 to 1.90), incl 0.001 (0.03) 0.001 (0.03)
Over 0.075 to 0.148 (1.90 to 3.76),

incl
0.0015 (0.04) 0.0015 (0.04)

Over 0.148 to 0.500 (3.76 to 12.70),
incl

Over 0.500 to 0.625 (12.70 to
15.87), incl

0.002 (0.05) 0.002 (0.05)

Over 0.625 (15.87)
0.0025 (0.06) 0.0025 (0.06)

0.003 (0.08) 0.003 (0.08)

12. Inspection
12.1 The manufacturer shall afford the purchaser’s inspector

all reasonable facilities necessary to satisfy him that the
material is being produced and furnished in accordance with
this specification. Mill inspection by the purchaser shall not
interfere unnecessarily with the manufacturer’s operations. All
tests and inspections shall be made at the place of manufacture,
unless otherwise agreed to.

13. Rejection and Rehearing
13.1 Any rejection based on tests made in accordance with

this specification shall be reported to the manufacturer within
a reasonable length of time. The material must be adequately
protected and correctly identified in order that the manufacturer
may make a proper investigation.

14. Certification
14.1 Upon request of the purchaser in the contract or order,

a manufacturer’s certification that the material was manufac-
tured and tested in accordance with this specification, together
with a report of the test results, shall be furnished at the time
of shipment.

14.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

15. Packaging, Marking, and Loading

15.1 A tag shall be securely attached to each coil and shall
be marked with the size, heat number, grade number, ASTM
specification number, and name or mark of the manufacturer.

15.2 When specified in the purchase order, packaging,
marking, and loading for shipment shall be in accordance with
those procedures recommended by Practices A 700.

15.3 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG Standard 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

16. Keywords

16.1 alloy; coarse round wire; general; wire rods

SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue,
A 752–93 (2003), that may impact the use of this standard. (Approved March 1, 2004.)

(1) Revised Sections 4.1 and 4.2 to eliminate non-mandatory
language.
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Designation: A 752M – 04

METRIC

Standard Specification for
General Requirements for Wire Rods and Coarse Round
Wire, Alloy Steel [Metric] 1

This standard is issued under the fixed designation A 752M; 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 general requirements for alloy
steel rods and uncoated coarse round alloy wire in coils that are
not required to meet hardenability band limits.

1.2 In case of conflict, the requirements in the purchase
order, on the drawing, in the individual specification, and in
this general specification shall prevail in the sequence named.

NOTE 1—This specification is the metric counterpart of Specification
A 752.

2. Referenced Documents

2.1 ASTM Standards:2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products

A 919 Terminology Relating to Heat Treatment of Metals
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 112 Test Methods for Determining Average Grain Size
2.2 Military Standard:
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage3

2.3 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)3

2.4 AIAG Standard:

AIAGB-5 02.00 Primary Metals Identification Tag Applica-
tion Standard4

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 alloy steel—steel is considered to be alloy steel when

the maximum of the range given for the content of alloying
elements exceeds one or more of the following limits: manga-
nese 1.65 %, silicon 0.60 %, copper 0.60 %; or in which a
definite range or a definite minimum quantity of any of the
following elements is specified or required within the limits of
the recognized field of constructional alloy steels: chromium
up to 3.99 %, cobalt, columbium, molybdenum, nickel, tita-
nium, tungsten, vanadium, zirconium, or any other alloying
elements added to obtain a desired alloying effect.

3.1.1.1 Boron treatment of alloy steels, which are fine grain,
may be specified to improve hardenability.

3.1.1.2 Other elements, such as lead, selenium, tellurium, or
bismuth, may be specified to improve machinability.

3.1.2 coarse round wire—from 0.90 to 25 mm in diameter,
inclusive, wire produced from hot-rolled wire rods or hot-
rolled coiled rounds by one or more cold reductions primarily
for the purpose of obtaining a desired size with dimensional
accuracy, surface finish, and mechanical properties. By varying
the amount of cold reduction and other wire mill practices,
including thermal treatment, a wide diversity of mechanical
properties and finishes are made available. Suggested wire
diameters are shown in Table 1.

3.1.3 straightened and cut wire—wire produced from coils
of wire by means of special machinery that straightens the wire
and cuts it to a specified length.

3.1.3.1 The straightening operation may alter the mechani-
cal properties of the wire, especially the tensile strength. The
straightening operation may also induce changes in the diam-
eter of the wire. The extent of the changes in the properties of
the wire after cold straightening depends upon the kind of wire

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1983. Last previous edition approved in 2003 as A 752M – 93 (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.

3 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

4 Available from the Automotive Industry Action Group, 26200 Lahser, Suite
200, Southfield, MI 48034.

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.



and also on the normal variation in the adjustments of the
straightening equipment. It is therefore not possible to forecast
the properties of straightened and cutwire. Each kind of wire
needs individual consideration. In most cases, the application
of straightened and cut wire is not seriously influenced by these
changes.

3.1.4 wire rods—rods that are hot rolled from billets into an
approximate round cross section and into coils of one continu-
ous length. Rods are not comparable to hot-rolled bars in
accuracy of cross section or surface finish and as a semi-
finished product are primarily for the manufacture of wire.

3.1.4.1 Table 2 shows the nominal diameter for hot-rolled
wire rods. Sizes are shown in 0.5-mm increments from 5.5 to
19 mm.

4. Ordering Information

4.1 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for hot-rolled wire rods
under this specification. Such requirements include, but are not
limited to, the following:

4.1.1 Quantity (kilograms),
4.1.2 Name of material (wire rods),
4.1.3 Diameter (Table 1),
4.1.4 Chemical composition grade number (Table 3),
4.1.5 Packaging (Section 14),
4.1.6 Heat analysis report, if requested (Section 6),
4.1.7 Certification or test report, or both, if specified (Sec-

tion 13),
4.1.8 ASTM designation and date of issue, and
4.1.9 Special requirements, if any.

TABLE 3 Alloy Steels—Chemical Composition Ranges and Limits for Heat Analysis

NOTE 1— Grades shown in this table with prefix letter E are normally only made by the basic electric furnace process. All others are normally
manufactured by the basic open hearth or basic oxygen processes but may be manufactured by a basic electric furnace process. If the electric furnace
process is specified or required for grades other than those designated above, the limits for phosphorus and sulfur are respectively 0.025 % max.

NOTE 2— Small quantities of certain elements, which are not specified or required, are present in alloy steels. These elements are considered as
incidental and may be present to the following maximum amounts: copper, 0.35 %, nickel, 0.25 %, chromium, 0.20 %, molybdenum, 0.06 %.

NOTE 3—Where minimum and maximum sulfur content is shown it is indicative of resulfurized steel.

NOTE 4—The chemical ranges and limits shown in Table 4 are produced to product analysis tolerances shown in Table 5.

NOTE 5—Standard alloy steels can be produced with a lead range of 0.15 to 0.35 %. Such steels are identified by inserting the letter “L” between the
second and third numerals of the Grade number, for example, 41L40. Lead is reported only as a range of 0.15 to 0.35 % since it is added to the mold
as the steel is poured.

UNS Desig-
nation

Grade No.

Chemical Composition, Ranges and Limits, %

Carbon Manganese
Phos-

phorus,
max

Sulfur, max Silicon Nickel Chromium
Molybde-

num

STANDARD ALLOY STEELS

G13300 1330 0.28 to 0.33 1.60 to 1.90 0.035 0.040 0.15 to 0.35 . . . . . . . . .
G13350 1335 0.33 to 0.38 1.60 to 1.90 0.035 0.040 0.15 to 0.35 . . . . . . . . .
G13400 1340 0.38 to 0.43 1.60 to 1.90 0.035 0.040 0.15 to 0.35 . . . . . . . . .
G13450 1345 0.43 to 0.48 1.60 to 1.90 0.035 0.040 0.15 to 0.35 . . . . . . . . .
G40120 4012 0.09 to 0.14 0.75 to 1.00 0.035 0.040 0.15 to 0.35 . . . . . . 0.15 to 0.25
G40230 4023 0.20 to 0.25 0.70 to 0.90 0.035 0.040 0.15 to 0.35 . . . . . . 0.20 to 0.30
G40240

G40270

4024

4027

0.20 to 0.25

0.25 to 0.30

0.70 to 0.90

0.70 to 0.90

0.035

0.035

0.035 to 0.050
0.040

0.15 to 0.35

0.15 to 0.35

. . .

. . .

. . .

. . .

0.20 to 0.30
0.20 to 0.30

TABLE 1 Suggested Diameters for Alloy Steel Wire, mm

0.90 6.0
1.00 6.5
1.10 7.0
1.20 7.5
1.30 8.0
1.40 8.5
1.60 9.0
1.80 9.5
2.0 10.0
2.1 11.0
2.2 12.0
2.4 13.0
2.5 14.0
2.6 15.0
2.8 16.0
3.0 17.0
3.2 18.0
3.5 19.0
3.8 20.0
4.0 21.0
4.2 22.0
4.5 23.0
4.8 24.0
5.0 25.0
5.5 . . .

TABLE 2 Sizes of Alloy Steel Wire Rods, mm

5.5 12.5
6 13
6.5 13.5
7 14
7.5 14.5
8 15
8.5 15.5
9 16
9.5 16.5

10 17
10.5 17.5
11 18
11.5 18.5
12 19
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TABLE 2 Continued

UNS Desig-
nation

Grade No.

Chemical Composition, Ranges and Limits, %

Carbon Manganese
Phos-

phorus,
max

Sulfur, max Silicon Nickel Chromium
Molybde-

num

G40280

G40370

4028

4037

0.25 to 0.30

0.35 to 0.40

0.70 to 0.90

0.70 to 0.90

0.035

0.035

0.035 to 0.050
0.040

0.15 to 0.35

0.15 to 0.35

. . .

. . .

. . .

. . .

0.20 to 0.30
0.20 to 0.30

G40470 4047 0.45 to 0.50 0.70 to 0.90 0.035 0.040 0.15 to 0.35 . . . . . . 0.20 to 0.30
G41180 4118 0.18 to 0.23 0.70 to 0.90 0.035 0.040 0.15 to 0.35 . . . 0.40 to 0.60 0.08 to 0.15
G41300 4130 0.28 to 0.33 0.40 to 0.60 0.035 0.040 0.15 to 0.35 . . . 0.80 to 1.10 0.15 to 0.25
G41370 4137 0.35 to 0.40 0.70 to 0.90 0.035 0.040 0.15 to 0.35 . . . 0.80 to 1.10 0.15 to 0.25
G41400 4140 0.38 to 0.43 0.75 to 1.00 0.035 0.040 0.15 to 0.35 . . . 0.80 to 1.10 0.15 to 0.25
G41420 4142 0.40 to 0.45 0.75 to 1.00 0.035 0.040 0.15 to 0.35 . . . 0.80 to 1.10 0.15 to 0.25
G41450 4145 0.43 to 0.48 0.75 to 1.00 0.035 0.040 0.15 to 0.35 . . . 0.80 to 1.10 0.15 to 0.25
G41470 4147 0.45 to 0.50 0.75 to 1.00 0.035 0.040 0.15 to 0.35 . . . 0.80 to 1.10 0.15 to 0.25
G41500 4150 0.48 to 0.53 0.75 to 1.00 0.035 0.040 0.15 to 0.35 . . . 0.80 to 1.10 0.15 to 0.25
G41610 4161 0.56 to 0.64 0.75 to 1.00 0.035 0.040 0.15 to 0.35 . . . 0.70 to 0.90 0.25 to 0.35
G43200 4320 0.17 to 0.22 0.45 to 0.65 0.035 0.040 0.15 to 0.35 1.65 to 2.00 0.40 to 0.60 0.20 to 0.30
G43400 4340 0.38 to 0.43 0.60 to 0.80 0.035 0.040 0.15 to 0.35 1.65 to 2.00 0.70 to 0.90 0.20 to 0.30
G43406 E4340 0.38 to 0.43 0.65 to 0.85 0.025 0.025 0.15 to 0.35 1.65 to 2.00 0.70 to 0.90 0.20 to 0.30
G44190 4419 0.18 to 0.33 0.45 to 0.65 0.035 0.040 0.15 to 0.35 . . . . . . 0.45 to 0.60

STANDARD ALLOY STEELS

G46150 4615 0.13 to 0.18 0.45 to 0.65 0.035 0.040 0.15 to 0.35 1.65 to 2.00 . . . 0.20 to 0.30
G46200 4620 0.17 to 0.22 0.45 to 0.65 0.035 0.040 0.15 to 0.35 1.65 to 2.00 . . . 0.20 to 0.30
G46210 4621 0.18 to 0.23 0.70 to 0.90 0.035 0.040 0.15 to 0.35 1.65 to 2.00 . . . 0.20 to 0.30
G46260 4626 0.24 to 0.29 0.45 to 0.65 0.035 0.040 0.15 to 0.35 0.70 to 1.00 . . . 0.15 to 0.25
G47180 4718 0.16 to 0.21 0.70 to 0.90 0.035 0.040 0.15 to 0.35 0.90 to 1.20 0.35 to 0.55 0.30 to 0.40
G47200 4720 0.17 to 0.22 0.50 to 0.70 0.035 0.040 0.15 to 0.35 0.90 to 1.20 0.35 to 0.55 0.15 to 0.25
G48150 4815 0.13 to 0.18 0.40 to 0.60 0.035 0.040 0.15 to 0.35 3.25 to 3.75 . . . 0.20 to 0.30
G48170 4817 0.15 to 0.20 0.40 to 0.60 0.035 0.040 0.15 to 0.35 3.25 to 3.75 . . . 0.20 to 0.30
G48200 4820 0.18 to 0.23 0.50 to 0.70 0.035 0.040 0.15 to 0.35 3.25 to 3.75 . . . 0.20 to 0.30
G50150 5015 0.12 to 0.17 0.30 to 0.50 0.035 0.040 0.15 to 0.35 . . . 0.30 to 0.50 . . .
G51200 5120 0.17 to 0.22 0.70 to 0.90 0.035 0.040 0.15 to 0.35 . . . 0.70 to 0.90 . . .
G51300 5130 0.28 to 0.33 0.70 to 0.90 0.035 0.040 0.15 to 0.35 . . . 0.80 to 1.10 . . .
G51320 5132 0.30 to 0.35 0.60 to 0.80 0.035 0.040 0.15 to 0.35 . . . 0.75 to 1.00 . . .
G51350 5135 0.33 to 0.38 0.60 to 0.80 0.035 0.040 0.15 to 0.35 . . . 0.80 to 1.05 . . .
G51400 5140 0.38 to 0.43 0.70 to 0.90 0.035 0.040 0.15 to 0.35 . . . 0.70 to 0.90 . . .
G51450
G51470

5145
5147

0.43 to 0.48
0.46 to 0.51

0.70 to 0.90
0.70 to 0.95

0.035
0.035

0.040
0.040

0.15 to 0.35
0.15 to 0.35

. . .

. . .
0.70 to 0.90
0.85 to 1.15

. . .

. . .
G51500 5150 0.48 to 0.53 0.70 to 0.90 0.035 0.040 0.15 to 0.35 . . . 0.70 to 0.90 . . .
G51550 5155 0.51 to 0.59 0.70 to 0.90 0.035 0.040 0.15 to 0.35 . . . 0.70 to 0.90 . . .
G51600 5160 0.56 to 0.64 0.75 to 1.00 0.035 0.040 0.15 to 0.35 . . . 0.70 to 0.90 . . .
. . .
. . .

E51100
E52100

0.98 to 1.10
0.98 to 1.10

0.25 to 0.45
0.25 to 0.45

0.025
0.025

0.025
0.025

0.15 to 0.35
0.15 to 0.35

. . .

. . .
0.90 to 1.15
1.30 to 1.60

. . .

. . .

Vanadium

G61180 6118 0.16 to 0.21 0.50 to 0.70 0.035 0.040 0.15 to 0.35 . . . 0.50 to 0.70 0.10 to 0.15
G61500 6150 0.48 to 0.53 0.70 to 0.90 0.035 0.040 0.15 to 0.35 . . . 0.80 to 1.10 0.15 min

Molybdenum

G86150 8615 0.13 to 0.18 0.70 to 0.90 0.035 0.040 0.15 to 0.35 0.040 to 0.70 0.040 to 0.60 0.15 to 0.25
G86170 8617 0.15 to 0.20 0.70 to 0.90 0.035 0.040 0.15 to 0.35 0.040 to 0.70 0.040 to 0.60 0.15 to 0.25
G86200 8620 0.18 to 0.23 0.70 to 0.90 0.035 0.040 0.15 to 0.35 0.040 to 0.70 0.040 to 0.60 0.15 to 0.25
G86220 8622 0.20 to 0.25 0.70 to 0.90 0.035 0.040 0.15 to 0.35 0.040 to 0.70 0.040 to 0.60 0.15 to 0.25
G86250 8625 0.23 to 0.28 0.70 to 0.90 0.035 0.040 0.15 to 0.35 0.040 to 0.70 0.040 to 0.60 0.15 to 0.25
G86270 8627 0.25 to 0.30 0.70 to 0.90 0.035 0.040 0.15 to 0.35 0.040 to 0.70 0.040 to 0.60 0.15 to 0.25
G86300 8630 0.28 to 0.33 0.70 to 0.90 0.035 0.040 0.15 to 0.35 0.040 to 0.70 0.040 to 0.60 0.15 to 0.25

STANDARD ALLOY STEELS

G86370 8637 0.35 to 0.40 0.75 to 1.00 0.035 0.040 0.15 to 0.35 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86400 8640 0.38 to 0.43 0.75 to 1.00 0.035 0.040 0.15 to 0.35 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86420 8642 0.40 to 0.45 0.75 to 1.00 0.035 0.040 0.15 to 0.35 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86450 8645 0.43 to 0.48 0.75 to 1.00 0.035 0.040 0.15 to 0.35 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G86550 8655 0.51 to 0.59 0.75 to 1.00 0.035 0.040 0.15 to 0.35 0.40 to 0.70 0.40 to 0.60 0.15 to 0.25
G87200 8720 0.18 to 0.23 0.70 to 0.90 0.035 0.040 0.15 to 0.35 0.40 to 0.70 0.40 to 0.60 0.20 to 0.30
G87400 8740 0.38 to 0.43 0.75 to 1.00 0.035 0.040 0.15 to 0.35 0.40 to 0.70 0.40 to 0.60 0.20 to 0.30
G88220 8822 0.20 to 0.25 0.75 to 1.00 0.035 0.040 0.15 to 0.35 0.40 to 0.70 0.40 to 0.60 0.30 to 0.40
G92540 9254 0.51 to 0.59 0.60 to 0.80 0.035 0.040 1.20 to 1.60 . . . 0.60 to 0.80 . . .
G92550 9255 0.51 to 0.59 0.70 to 0.95 0.035 0.040 1.80 to 2.20 . . . . . . . . .
G92600 9260 0.56 to 0.64 0.75 to 1.00 0.035 0.040 1.80 to 2.20 . . . . . . . . .

STANDARD BORON ALLOY STEELSA

G50441 50B44 0.43 to 0.48 0.75 to 1.00 0.035 0.040 0.15 to 0.35 . . . 0.40 to 0.60 . . .
G50461 50B46 0.44 to 0.49 0.75 to 1.00 0.035 0.040 0.15 to 0.35 . . . 0.20 to 0.35 . . .
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TABLE 2 Continued

UNS Desig-
nation

Grade No.

Chemical Composition, Ranges and Limits, %

Carbon Manganese
Phos-

phorus,
max

Sulfur, max Silicon Nickel Chromium
Molybde-

num

G50501 50B50 0.48 to 0.53 0.75 to 1.00 0.035 0.040 0.15 to 0.35 . . . 0.40 to 0.60 . . .
G50601 50B60 0.56 to 0.64 0.75 to 1.00 0.035 0.040 0.15 to 0.35 . . . 0.40 to 0.60 . . .
G51601 51B60 0.56 to 0.64 0.75 to 1.00 0.035 0.040 0.15 to 0.35 . . . 0.70 to 0.90 . . .
G81451 81B45 0.43 to 0.48 0.75 to 1.00 0.035 0.040 0.15 to 0.35 0.20 to 0.40 0.35 to 0.55 0.08 to 0.15
G94171

G94301

94B17

94B30

0.15 to 0.20

0.28 to 0.33

0.75 to 1.00

0.75 to 1.00

0.035

0.035

0.040

0.040

0.15 to 0.35

0.15 to 0.35

0.30 to 0.60

0.30 to 0.60

0.30 to 0.50

0.30 to 0.50

0.08 to 0.15
0.08 to 0.15

A These steels can be expected to a minimum boron content of 0.0005 %.

NOTE 2—A typical ordering description is as follows: 50 000 kg Steel
Wire Rods, 5.5 mm, Grade G 41400 W approximately 600 kg coils to
ASTM A 752M dated-XX.

4.2 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for coarse round wire under
this specification. Such requirements include, but are not
limited to, the following:

4.2.1 Quantity (kilograms),
4.2.2 Name of material (alloy steel wire),
4.2.3 Diameter (Table 2),
4.2.4 Length (straightened and cut only),
4.2.5 Chemical composition (Table 3),
4.2.6 Packaging (Section 14),
4.2.7 Heat analysis report, if requested (Section 6),
4.2.8 Certification or test report, or both, if specified (Sec-

tion 13),
4.2.9 ASTM designation and date of issue, and
4.2.10 Special requirements, if any.

NOTE 3—A typical ordering description is as follows: 15 000 kg Alloy
Steel Wire, 3.8 mm diameter, Grade 4135 in 1000-kg Coils on Tubular
Carriers, to ASTM A 752M-XX, or 2500 Pieces, Alloy Steel Wire, 9.5 mm
diameter, Straightened and Cut, 0.76 m, Grade G 41400 in 25-Piece
Bundles on Pallets to ASTM A 752M-XX.

5. Manufacture

5.1 The steel may be produced by any commercially ac-
cepted steel making process. The steel may be either ingot cast
or strand cast.

6. Chemical Composition

6.1 The chemical composition for alloy steel under this
specification shall conform to the requirements set forth in the
purchase order. The grades commonly specified for alloy steel
wire rods and alloy steel wire are shown in Table 3. For
specified compositions not contained in Table 3 the ranges and
limits expressed in Table 4 shall apply unless other such ranges
and limits shall have been agreed upon between the purchaser
and the manufacturer.

TABLE 4 Alloy Steels—Chemical Composition Ranges and Limits for Cast or Heat Analysis

NOTE 1— Boron steels can be expected to have a 0.0005 % minimum boron content.
NOTE 2—Alloy steels can be produced with a lead range of 0.15 to 0.35 %. Lead is reported only as a range of 0.15 to 0.35 % since it is added to the

mold as the steel is poured.
NOTE 3—The chemical ranges and limits of alloy steels are produced to the check, product, or verification analysis tolerances shown in Table 5.

Element When Maximum of Specified Element is, %

Range, %

Maximum
Limit, %A

Open-Hearth or
Basic Oxygen

Steel

Electric
Furnace

Steel

Carbon To 0.55, incl 0.05 0.05
Over 0.55 to 0.70, incl 0.08 0.07
Over 0.70 to 0.80, incl 0.10 0.09
Over 0.80 to 0.95, incl 0.12 0.11
Over 0.95 to 1.35, incl 0.13 0.12

Manganese To 0.60, incl 0.20 0.15
Over 0.60 to 0.90, incl 0.20 0.20
Over 0.90 to 1.05, incl 0.25 0.25
Over 1.05 to 1.90, incl 0.30 0.30
Over 1.90 to 2.10, incl 0.40 0.35

Phosphorus Basic open-hearth or basic oxygen steel
Basic electric furnace steel

0.035
0.025

Sulfur To 0.050, incl 0.015 0.015
Over 0.050 to 0.07, incl 0.02 0.02
Over 0.07 to 0.10, incl 0.04 0.04
Over 0.10 to 0.14, incl 0.05 0.05

Basic open hearth or basic oxygen steel 0.040
Basic electric furnace 0.025

Silicon To 0.15, incl 0.08 0.08
Over 0.15 to 0.20, incl 0.10 0.10
Over 0.20 to 0.40, incl 0.15 0.15
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TABLE 4 Continued

Element When Maximum of Specified Element is, %

Range, %

Maximum
Limit, %A

Open-Hearth or
Basic Oxygen

Steel

Electric
Furnace

Steel

Over 0.40 to 0.60, incl 0.20 0.20
Over 0.60 to 1.00, incl 0.30 0.30
Over 1.00 to 2.20, incl 0.40 0.35

Nickel To 0.50, incl 0.20 0.20
Over 0.50 to 1.50, incl 0.30 0.30
Over 1.50 to 2.00, incl 0.35 0.35
Over 2.00 to 3.00, incl 0.40 0.40
Over 3.00 to 5.30, incl 0.50 0.50

Over 5.30 to 10.00, incl 1.00 1.00
Chromium To 0.40, incl 0.15 0.15

Over 0.40 to 0.90, incl 0.20 0.20
Over 0.90 to 1.05, incl 0.25 0.25
Over 1.05 to 1.60, incl 0.30 0.30
Over 1.60 to 1.75, incl B 0.35
Over 1.75 to 2.10, incl B 0.40
Over 2.10 to 3.99, incl B 0.50

Molybdenum To 0.10, incl 0.05 0.05
Over 0.10 to 0.20, incl 0.07 0.07
Over 0.20 to 0.50, incl 0.10 0.10
Over 0.50 to 0.80, incl 0.15 0.15
Over 0.80 to 1.15, incl 0.20 0.20

Tungsten To 0.50, incl
Over 0.50 to 1.00, incl
Over 1.00 to 2.00, incl
Over 2.00 to 4.00, incl

0.20
0.30
0.50
0.60

0.20
0.30
0.50
0.60

Vanadium To 0.25, incl
Over 0.25 to 0.50, incl

0.05
0.10

0.05
0.10

Aluminum Up to 0.10, incl 0.05 0.05
Over 0.10 to 0.20, incl 0.10 0.10
Over 0.20 to 0.30, incl 0.15 0.15
Over 0.30 to 0.80, incl 0.25 0.25
Over 0.80 to 1.30, incl 0.35 0.35
Over 1.30 to 1.80, incl 0.45 0.45

Copper To 0.60, incl
Over 0.60 to 1.50, incl
Over 1.50 to 2.00, incl

0.20
0.30
0.35

0.20
0.30
0.35

A Applies to only nonrephosphorized and nonresulfurized steels.
B Not normally produced in open hearth.

6.2 Heat Analysis—An analysis of each heat shall be made
by the producer to determine the percentage of the elements
specified. The analysis shall be made from a test sample
preferably taken during the pouring of the heat. The chemical
composition thus determined shall be reported, if required, to
the purchaser or his representative.

6.3 Product Analysis—A product analysis may be made by
the purchaser. The analysis is not used for a duplicate analysis
to confirm a previous result. The purpose of the product

analysis is to verify that the chemical composition is within
specified limits for each element, including applicable permis-
sible variations in product analysis. The results of analyses
taken from different pieces of a heat may differ within
permissible limits from each other and from the heat analysis.
Table 5 shows the permissible variations for product analysis
of alloy steel. The results of the product analysis, except lead,
shall not vary both above and below the specified ranges.

TABLE 5 Alloy Steels—Product or Verification Analysis Tolerances

Element
Limit or Maximum of
Specified Range, %

Tolerance Over Maximum
Limit or Under Minimum

Limit, %

Carbon To 0.30, incl
Over 0.30 to 0.75, incl

Over 0.75

0.01
0.02
0.03

Manganese To 0.90, incl
Over 0.90 to 2.10, incl

0.03
0.04

Phosphorus Over max only 0.005
Sulfur To 0.060, inclA 0.005
Silicon To 0.40, incl 0.02

Over 0.40 to 2.20, incl 0.05
Nickel To 1.00, incl 0.03

Over 1.00 to 2.00, incl 0.05
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TABLE 5 Continued

Element
Limit or Maximum of
Specified Range, %

Tolerance Over Maximum
Limit or Under Minimum

Limit, %

Over 2.00 to 5.30, incl 0.07
Over 5.30 to 10.00, incl 0.10

Chromium To 0.90, incl
Over 0.90 to 2.10, incl
Over 2.10 to 3.99, incl

0.03
0.05
0.10

Molybdenum To 0.20, incl
Over 0.20 to 0.40, incl
Over 0.40 to 1.15, incl

0.01
0.02
0.03

Vanadium To 0.10, incl 0.01
Over 0.10 to 0.25, incl 0.02
Over 0.25 to 0.50, incl 0.03

Min value specified, check
under min limit

0.01

Tungsten To 1.00, incl
Over 1.00 to 4.00, incl

0.04
0.08

Aluminum Up to 0.10, incl 0.03
Over 0.10 to 0.20, incl 0.04
Over 0.20 to 0.30, incl 0.05
Over 0.30 to 0.80, incl 0.07
Over 0.80 to 1.80, incl 0.10

Lead
Copper

0.15 to 0.35, incl
To 1.00, incl

Over 1.00 to 2.00, incl

0.03B

0.03
0.05

A Sulfur over 0.060 % is not subject to product analysis.
B Tolerance is over and under.

6.3.1 The location from which chips for product analysis are
obtained is important because of normal segregation. For rods
and wire, chips must be taken by milling or machining the full
cross section of the sample.

6.3.1.1 Steel subjected to certain thermal treatments by the
purchaser may not give chemical analysis results that properly
represent its original composition. Therefore, purchasers
should analyze chips taken from the steel in the condition in
which it is received from the producer.

6.3.1.2 When samples are returned to the producer for
product analysis, the samples should consist of pieces of the
full cross section.

6.3.2 For referee purposes, Test Methods, Practices and
Terminology A 751 shall be used.

7. Metallurgical Structure

7.1 Grain size when specified shall be determined in accor-
dance with the requirements of Test Methods E 112.

7.2 Alloy steel wire rods may be specified as annealed,
spheroidize annealed, or patented. Refer to Terminology A 919
for definitions.

7.3 Alloy steel wire may be specified as drawn from
annealed or spheroidize annealed wire, rod, or bars, sphe-
roidize annealed at finish size, patented, or oil tempered. Refer
to Terminology A 919 for definitions.

8. Mechanical Properties

8.1 The properties enumerated in individual specifications
shall be determined in accordance with Test Methods and
Definitions A 370.

8.2 The maximum expected tensile strengths for the more
common grades of alloy rods with regular mill annealing
(nonspheroidized) are shown in Table 6.

TABLE 6 Maximum Expected Tensile Strengths for Annealed Alloy Steel Rods

NOTE 1—Specific microstructures such as spheroidize anneal or lamellar pearlite anneal may require modification of these tensile strength values.

UNS
Designation

Grade no. Tensile
Strength,

MPa

UNS
Designation

Grade No. Tensile
Strength,

MPa

G13300 1330 610 G50601 50B60 710
G13350 1335 620 G51200 5120 570
G13400 1340 630 G51300 5130 580
G13450 1345 670 G51320 5132 580
G40120 4012 490 G51350 5135 590
G40230 4023 500 G51400 5140 620
G40240 4024 500 G51450 5145 650
G40270 4027 570 G51470 5147 680
G40280 4028 570 G51500 5150 670
G40370 4037 610 G51550 5155 710
G40470 4047 670 G51600 5160 720
G41180 4118 570 G51601 51B60 750
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TABLE 6 Continued

UNS
Designation

Grade no. Tensile
Strength,

MPa

UNS
Designation

Grade No. Tensile
Strength,

MPa

G41300 4130 590 G61180 6118 550
G41370 4137 630 G61500 6150 670
G41400 4140 650 G81451 81B45 630
G41420 4142 670 G86150 8615 550
G41450 4145 680 G86170 8617 550
G41470 4147 690 G86200 8620 570
G41500 4150 690 G86220 8622 580
G41610 4161 770 G86250 8625 580
G43200 4320 650 G86270 8627 580
G43400 4340 720 G86300 8630 610
G44190 4419 570 G86370 8637 630
G46150 4615 550 G86400 8640 650
G46200 4620 570 G86420 8642 670
G46210 4621 570 G86450 8645 680
G46260 4626 580 G86550 8655 720
G47180 4718 580 G87200 8720 570
G47200 4720 570 G87400 8740 670
G48150 4815 630 G88220 8822 610
G48170 4817 650 G92540 9254 770
G48200 4820 650 G92550 9255 770
G50150 5015 500 G92600 9260 770
G50441 50B44 650 G94171 94B17 500
G50461 50B46 630 G94301 94B30 580
G50501 50B50 670

8.3 Because of the great variety in the kinds and grades of
rods and wire and the extensive diversity of application, a
number of formal mechanical test procedures have been
developed. These tests are used as control tests by producers
during intermediate stages of wire processing, as well as for
final testing of the finished product, and apply particularly to
rods and wire for specific applications. A number of these tests
are further described in Supplement IV, Round Wire Products,
of Test Methods and Definitions A 370.

8.4 Since the general utility of rods and wire require
continuity of length, in the case of rods, tests are commonly
made on samples taken from the ends of coils after removing
two to three rings; in the case of wire, tests are commonly
taken from the ends of the coils, thereby not impairing the
usefulness of the whole coil.

9. Dimensions and Permissible Variation

9.1 The diameter and out-of-roundness of the alloy wire rod
shall not vary from that specified by more than that prescribed
in Table 7.

9.2 The diameter and out-of-roundness of the alloy coarse
round wire shall not vary from that specified by more than that
prescribed in Table 8.

TABLE 7 Permissible Variation in Diameter for Alloy Steel Wire
Rod in Coils

NOTE 1— For purposes of determining conformance with this specifi-
cation, all specified limits in this table are absolute limits as defined in
Practice E 29.

Diameter of Rod, mm Permissible Variation,
Plus and Minus, mm

Permissible Out-of-
Round, mm

3.5 to 19 0.40 0.60

TABLE 8 Permissible Variation in Diameter for Alloy Steel Coarse Round Wire

NOTE 1—For purposes of determining conformance with this specification, all specified limits in this table are absolute limits as defined in Practice
E 29.

In Coils

Diameter of Wire, mm Permissible Variation,
Plus and Minus,

mm

Permissible
Out-of-Round,

mm

0.90 to under 1.90 0.03 0.03
1.90 to under 12.5 0.05 0.05
12.5 and over 0.08 0.08

Straightened and Cut

0.90 to under 1.90 0.03 0.03
1.90 to under 3.80 0.05 0.05
3.80 to under 12.5 0.08 0.08

A 752M – 04

7



TABLE 8 Continued

In Coils

Diameter of Wire, mm Permissible Variation,
Plus and Minus,

mm

Permissible
Out-of-Round,

mm
12.5 and over 0.10 0.10

9.3 The length of straightened and cut wire shall not vary
from that specified by more than that prescribed in Table 9.

TABLE 9 Permissible Variation in Length for Straightened and
Cut Alloy Steel Wire

NOTE 1—For purposes of determining conformance with this specifi-
cation, all specified limits in this table are absolute limits as defined in
Practice E 29.

Cut Length, m Permissible Variations, Plus and
Minus, mm

Under 1.0 1.6
1.0 to 4.0 2.4
Over 4.0 3.0

9.4 The burrs formed in cutting straightened and cut wire
shall not exceed the diameter specified by more than that
prescribed in Table 10.

TABLE 10 Permissible Variation for Burrs for Straightened and
Cut Alloy Steel Wire

NOTE 1— For purposes of determining conformance with this specifi-
cation, all specified limits in this table are absolute limits as defined in
Practice E 29.

Diameter of Wire, mm Permissible Variations, over
Measured Diameter, mm

Up to 3.0, incl 0.10
Over 3.0 to 6.5, incl 0.15
Over 6.5 to 12.5, incl 0.20
Over 12.5 0.25

10. Workmanship, Finish, and Appearance
10.1 The alloy wire rod shall be free from detrimental

surface imperfections, tangles, and sharp kinks.
10.1.1 Two or more rod coils may be welded together to

produce a larger coil. The weld zone may not be as sound as the
original material. The mechanical properties existing in the
weld zone may differ from those in the unaffected base metal.
The weld may exceed the permissible variations for diameter
and out-of-roundness on the minus side of the permissible
variation but not on the plus side.

10.2 The wire as received shall be smooth and substantially
free from rust, shall not be kinked or improperly cast. No
detrimental die marks or scratches may be present. Each coil
shall be one continuous length of wire. Welds made during cold
drawing are permitted.

10.3 The straightened and cut wire shall be substantially
straight and not be kinked or show excessive spiral marking.

11. Inspection
11.1 The manufacturer shall afford the purchaser’s inspector

all reasonable facilities necessary to satisfy him that the

material is being produced and furnished in accordance with
this specification. Mill inspection by the purchaser shall not
interfere unnecessarily with the manufacturer’s operations. All
tests and inspections shall be made at the place of manufacture,
unless otherwise agreed to.

12. Rejection

12.1 Any rejection based on tests made in accordance with
this specification shall be reported to the manufacturer within
a reasonable length of time. The material must be adequately
protected and correctly identified in order that the manufacturer
may make a proper investigation.

13. Certification

13.1 Upon request of the purchaser in the contract or order,
a manufacturer’s certification that the material was manufac-
tured and tested in accordance with this specification, together
with a report of the test results, shall be furnished at the time
of shipment.

13.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

14. Packaging, Marking, and Loading for Shipment

14.1 The coil mass, dimensions, and the method of packag-
ing shall be agreed upon between the manufacturer and
purchaser.

14.2 The size of the wire, purchaser’s order number, ASTM
specification number, heat number, and name or mark of the
manufacturer shall be marked on a tag securely attached to
each coil of wire.

14.3 Unless otherwise specified in the purchaser’s order,
packaging, marking, and loading for shipments shall be in
accordance with those procedures recommended by Practice
A 700.

14.4 For Government Procurement—Packaging, packing,
and marking of material for military procurement shall be in
accordance with the requirements of MIL-STD-163, Level A,
Level C, or commercial as specified in the contract or purchase
order. Marking for shipment of material for civil agencies shall
be in accordance with Fed. Std. No. 123.

14.5 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG Standard 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

15. Keywords

15.1 alloy; general; rods; wire
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SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue,
A 752M–93 (2003), that may impact the use of this standard. (Approved March 1, 2004.)

(1) Revised Sections 4.1 and 4.2 to eliminate non-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: A 763 – 93 (Reapproved 2004)

Standard Practices for
Detecting Susceptibility to Intergranular Attack in Ferritic
Stainless Steels 1

This standard is issued under the fixed designation A 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.

1. Scope

1.1 These practices cover the following four tests:
1.1.1 Practice W—Oxalic acid etch test for detecting sus-

ceptibility to intergranular attack in stabilized ferritic stainless
steels by classification of the etching structures (see Sections 3
through 10).

1.1.2 Practice X—Ferric sulfate-sulfuric acid test for detect-
ing susceptibility to intergranular attack in ferritic stainless
steels (Sections 11 to 16).

1.1.3 Practice Y—Copper-copper sulfate-50 % sulfuric acid
test for detecting susceptibility to intergranular attack in ferritic
stainless steels (Sections 17 to 22).

1.1.4 Practice Z—Copper-copper sulfate-16 % sulfuric acid
test for detecting susceptibility to intergranular attack in ferritic
stainless steels (Sections 23 to 29).

1.2 The following factors govern the application of these
practices(1–6)2:

1.2.1 Practice W, oxalic acid test, is a rapid method of
identifying, by simple, electrolytic etching, those specimens of
certain ferritic alloys that are not susceptible to intergranular
corrosion associated with chromium carbide precipitation.
Practice W is used as a screening test to avoid the necessity, for
acceptable specimens, of more extensive testing required by
Practices X, Y, and Z. See Table 1 for a listing of alloys for
which Practice W is appropriate.

1.2.2 Practices X, Y, and Z can be used to detect the
susceptibility of certain ferritic alloys to intergranular attack
associated with the precipitation of chromium carbides or
nitrides.

1.2.3 Practices W, X, Y, and Z can also be used to evaluate
the effect of heat treatment or of fusion welding on suscepti-
bility to intergranular corrosion.

1.2.4 Table 2 lists the identification ferritic stainless steels
for which data on the application of at least one of the standard
practices is available.

1.2.5 Some stabilized ferritic stainless steels may show high
rates when tested by Practice X because of metallurgical
factors not associated with chromium carbide or nitride pre-
cipitation. This possibility must be considered in selecting the
test method. Combinations of alloys and test methods for
which successful experience is available are shown in Table 1.
Application of these standard tests to the other ferritic stainless
steels will be by specific agreement between producer and user.

1.3 Depending on the test and alloy, evaluations may be
accomplished by weight loss determination, microscopical
examination, or bend test (Sections 30 and 31). The choices are
listed in Table 1.

1.4 This standard does not purport to address all of the
safety problems, 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 specific safety
precautionary statements, see 3.2.5, Section 7, 13.1, and 19.1.

2. Referenced Documents

2.1 ASTM Standards:3

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

3. Apparatus

3.1 Apparatus for Practice W, Oxalic Acid Etch Test:
3.1.1 Source of DC—Battery, generator, or rectifier capable

of supplying 15 V and 20 A.
3.1.2 Ammeter, range 0 to 30 A.
3.1.3 Variable Resistance, for control of specimen current.
3.1.4 Cathode—One-litre stainless steel beaker or suitable

piece of stainless steel.
3.1.5 Electric Clamp, to hold etched specimen.
3.1.6 Metallurgical Microscope, for examination of etched

structures at 250 to 5003.
3.1.7 Electrodes—The specimen is made the anode and the

beaker or other piece of stainless steel the cathode.
3.1.8 Electrolyte—Oxalic acid (H2C2O4·2H2O) reagent

grade, 10 weight % solution.1 These practices are under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys, and are the direct responsibility of Subcommittee
A01.14 on Methods of Corrosion Testing.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1979. Last previous edition approved in 1999 as A 763 – 93 (1999)e1.

2 The boldface numbers in parentheses refer to the list of references appended to
these practices.

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

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



3.2 The apparatus common to Practices X, Y, and Z is listed
below. Supplementary requirements are noted as required.

3.2.1 The apparatus used is shown in Fig. 1.

NOTE 1—No substitution for this equipment may be used. The cold-
finger type of condenser with standard Erlenmeyer flasks may not be used.

3.2.2 Allihn or Soxhlet Condenser, four-bulb (minimum)
with a 45/50 ground-glass joint. Overall length shall be about
330 mm (13 in.) with condensing section, 241 mm (91⁄2 in.).

3.2.3 Erlenmeyer Flask, 1-L with a 45/50 ground-glass
joint. The ground-glass opening is somewhat over 38 mm (11⁄2
in.) wide.

3.2.4 Glass Cradles(Note 2) can be supplied by a glass
blowing shop. The size of the cradles should be such that they
can pass through the ground-glass joint of the Erlenmeyer
flask. They should have three or four holes in them to increase
circulation of the test solution around the specimen.

NOTE 2—Other equivalent means of specimen support such as glass
hooks or stirrups may also be used.

3.2.5 Boiling Chips, must be used to prevent bumping. It
has been reported that violent boiling resulting in acid spills
can occur. It is important to ensure that the concentration of
acid does not become more concentrated and that an adequate
number of boiling chips (which are resistant to attack by the
test solution) are present.4

3.2.6 Silicone Grease, is recommended for the ground-glass
joint.

3.2.7 Electrically Heated Hot Plate, or other device to
provide heat for continuous boiling of the solution.

4 Amphoteric alundum granules, Hengar Granules, from the Hengar Company,
Philadelphia, PA have been found satisfactory for this purpose.

TABLE 1 Methods for Evaluating Ferritic Stainless Steels for Susceptibility to Intergranular Corrosion

Alloy Time of Test, h

Evaluation Criteria

Weight Loss Microscopical
Examination

Bend Test

PRACTICE W—OXALIC ACID ETCH TEST

439 0.025 NA AA NA
18Cr-2Mo 0.025 NA AA NA
XM27 0.025 NA AA NA
XM33 0.025 NA AA NA
26-3-3 0.025 NA AA NA

PRACTICE X—FERRIC SULFATE - SULFURIC ACID TEST
430 24 AB,C A NA
446 72 AC A NA
XM27 120 AD AC NA
29Cr-4Mo 120 NAE AC NA
29Cr-4Mo-2Ni 120 NA AC NA

PRACTICE Y—COPPER-COPPER SULFATE - 50% SULFURIC ACID TEST
446 96 AC A NA
XM27 120 AD AC NA
XM33 120 AD AC NA
26–3–3 120 AD AC NA
29-4C 120 AD AC NA
29Cr-4Mo 120 NA AC NA
29Cr-4Mo-2Ni 120 NA AC NA

PRACTICE Z—COPPER-COPPER SULFATE - 16% SULFURIC ACID TEST
430 24 NA NA no fissures
434 24 NA NA no fissures
436 24 NA NA no fissures
439 24 NA NA no fissures
18Cr-2Mo 24 NA NA no fissures

A Polished surface examined at 250 to 5003 with a metallurgical microscope (see 3.1.6). All other microscopical examinations are of the corroded surface under 403
binocular examination (see Section 27).

B A = Applicable.
C Preferred criterion, these criteria are the most sensitive for the particular combination of alloy and test.
D Weight loss measurements can be used to detect severely sensitized material, but they are not very sensitive for alloys noted with this superscript and may not detect

slight or moderate sensitization.
E NA = Not applicable.

TABLE 2 Steels for Which Test Results are Available

UNS Designation Alloy Practice(s)

S43000 430A X, Z
S43400 434A Z
S43600 436A Z
S43035 XM8 Z
S44400 18Cr-2Mo W, Z
S44600 446A X, Y
S44626 XM33 W, Y
S44627 XM27 W, X, Y
S44660 26–3–3 Y
S44700 29Cr-4Mo X, Y
S44735 29-4C Y
S44800 29Cr-4Mo-2NI X, Y

A Types 430, 434, 436, and 446 are nonstabilized grades that are generally not
used in the as-welded or sensitized condition in other than mildly corrosive
environments. In the annealed condition, they are not subject to intergranular
corrosion. For any studies of IGA on Types 430, 434, 436, or 446, the indicated test
methods are suggested.

A 763 – 93 (2004)
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4. Preparation of Test Specimens

4.1 The preparation of test specimens is common among
Practices X, Y, and Z. Additional requirements are noted where
necessary.

4.2 A specimen having a total surface area of 5 to 20 cm2 is
recommended for Practices X, Y, and Z. As-welded specimens
should be cut so that no more than 13 mm1⁄2 (in.) width of
unaffected base metal is included on either side of the weld and
heat-affected zone.

4.3 The intent is to test a specimen representing as nearly as
possible the surface of the material as used in service. Only
such surface finishing should be performed as is required to
remove foreign material and obtain a standard, uniform finish
as specified. For very heavy sections, specimens should be
prepared to represent the appropriate surface while maintaining
reasonable specimen size for convenience in testing. Ordi-
narily, removal of more material than necessary will have little
influence on the test results. However, in the special case of
surface carburization (sometimes encountered, for instance, in
tubing when carbonaceous lubricants are employed) it may be
possible by heavy grinding or machining to remove the
carburized layer completely. Such treatment of test specimens
is not permissible, except in tests undertaken to demonstrate
such surface effects.

4.4 Sensitization of Test Specimens:

4.4.1 Specimens from material that is going to be used in the
as-received condition without additional welding or heat treat-
ment may be tested in the as-received condition without any
sensitizing treatment.

4.4.2 Specimens from material that is going to be welded or
heat treated should be welded or heat treated in as nearly the
same manner as the material will experience in service.

4.4.3 The specific sensitizing or welding treatment, or both,
should be agreed upon between the supplier and the purchaser.

4.5 For Practice W, a cross section of the sample including
material at both surfaces and a cross section of any weld and its
heat affected zones should be prepared. If the sample is too
thick, multiple specimens should be used. Grind the cross
section on wet or dry 80 or 120-grit abrasive paper followed by
successively finer papers until a number 400 or 3/0 finish is
obtained. Avoid excessive heat when dry-grinding.

4.6 For Practices X, Y, and Z, all surfaces of the specimen
including edges should be ground on wet or dry 80 or 120-grit
abrasive paper. Avoid excessive heat when dry-grinding. Do
not use sand- or grit-blasting. All traces of oxide scale formed
during heat treatment must be removed. To avoid scale
entrapment, stamp specimens for identification after heat
treatment and grinding.

4.7 Degrease and dry the sample using suitable nonchlori-
nated agents.

PRACTICE W—OXALIC ACID ETCH TEST FOR
DETECTING SUSCEPTIBILITY TO

INTERGRANULAR ATTACK BY CLASSIFICATION
OF MICROSTRUCTURE FOR SCREENING OF

CERTAIN FERRITIC STAINLESS STEELS

5. Scope

5.1 The oxalic acid etch test is intended and may be used for
screening of certain ferritic stainless steels to precede or
preclude the need for corrosion testing as described in Practices
X, Y, or Z. Specimens with unacceptable microstructures
should be subjected to Practices X, Y, or Z to better determine
their susceptibility to intergranular attack. See Table 1 for a
listing of alloys for which Practice W is appropriate.

6. Etching Conditions

6.1 The polished specimens should be etched at 1 A/cm2 for
1.5 min. This may be accomplished with the apparatus pre-
scribed in 3.1 by adjusting the variable resistance until the
ammeter reading in amperes equals the immersed specimen
area in square centimetres. Immersion of the specimen-holding
clamp in the etching solution should be avoided.

7. Etching Precautions

7.1 Etching should be carried out under a ventilating hood.
Gas evolved at the electrodes with entrained oxalic acid is
poisonous and irritating. The temperature of the etching
solution, which increases during etching, should be kept below
50°C by using two beakers of acid, one of which may be
cooled while the other is in use.

FIG. 1 Test Apparatus
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8. Rinsing Prior to Examination

8.1 Following etching, the specimen should be rinsed in hot
water then acetone or alcohol to avoid oxalic acid crystalliza-
tion on the etched surface during forced air-drying.

9. Examination

9.1 Examine etched specimens on a metallurgical micro-
scope at 250 to 5003 as appropriate for classification of etched
microstructure type as defined in Section 10.

10. Classification of Etched Structures

10.1 Acceptable structures indicating resistance to chro-
mium carbide-type intergranular attack:

10.1.1 Step structure—Steps only between grains—no
ditches at grain boundaries (see Fig. 2).

10.1.2 Dual structure—Some ditches at grain boundaries in
addition to steps, but no single grain completely surrounded by
ditches (see Fig. 3).

FIG. 2 Acceptable Structures Practice W—Oxalic-Acid Etch Test Steps Between Grains No Ditching
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10.2 Unacceptable structures requiring additional testing
(Practices X, Y, or Z):

10.2.1 Ditch structure—One or more grains completely
surrounded by ditches (see Fig. 4).

PRACTICE X—FERRIC SULFATE-SULFURIC ACID
TEST FOR DETECTING SUSCEPTIBILITY TO

INTERGRANULAR ATTACK IN FERRITIC
STAINLESS STEELS

11. Scope

11.1 This practice describes the procedure for conducting
the boiling ferric sulfate-sulfuric acid test which measures the
susceptibility of ferritic stainless steels to intergranular attack.
This test detects susceptibility to intergranular attack associ-
ated with the precipitation of chromium carbides and nitrides in
stabilized and unstabilized ferric stainless steels. It may also
detect the presence of chi or sigma phase in these steels. The
test will not differentiate between intergranular attack resulting
from carbides and that due to intermetallic phases. The ferric
sulfate-sulfuric acid solution may also selectively attack tita-
nium carbides and nitrides in stabilized steels. The alloys on
which the test has been successfully applied are shown in Table
1.

11.2 This test may be used to evaluate the susceptibility of
as-received material to intergranular corrosion caused by
chromium carbide or nitride precipitation. It may be applied to
wrought products and weld metal.

11.3 This procedure may be used on ferritic stainless steels
after an appropriate sensitizing heat treatment or welding
procedure as agreed upon between the supplier and the
purchaser.

12. Apparatus

12.1 The basic apparatus is described in Section 3. Also
needed are:

12.1.1 For weight loss determination, an analytical balance
capable of weighing to at least the nearest 0.001 g.

12.1.2 For microscopical examination, a microscope with
magnification to at least 403.

13. Ferric Sulfate-Sulfuric Acid Test Solution

13.1 Prepare 600 mL of test solution as follows.
(Warning—Protect the eyes and use rubber gloves and apron
for handling acid. Place the test flask under a hood.)

13.1.1 First, measure 400.0 mL of distilled water in a
500-mL graduate and pour into the Erlenmeyer flask.

13.1.2 Then measure 236.0 mL of reagent grade sulfuric
acid of a concentration that must be in the range from 95.0 to
98.0 weight % in at 250-mL graduate. Add the acid slowly to
the water in the Erlenmeyer flask to avoid boiling by the heat
evolved.

NOTE 3—Loss of vapor results in concentration of the acid.

13.1.3 Weigh 25 g of reagent grade ferric sulfate (contains
about 75 % Fe2(SO4)3) and add to the sulfuric acid solution. A
trip balance may be used.

13.1.4 Drop boiling chips into the flask.
13.1.5 Lubricate the ground-glass joint with silicone grease.
13.1.6 Cover the flask with the condenser and circulate

cooling water.
13.1.7 Boil the solution until all the ferric sulfate is dis-

solved.

FIG. 3 Acceptable Structure Practice W—Oxalic Acid Etch Test Dual Structure Some Ditches But No Single Grain Completely
Surrounded
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14. Preparation of Test Specimens

14.1 Prepare test specimens as described in Section 4.

15. Procedure

15.1 When weight loss is to be determined, measure the
sample prior to final cleaning and then weigh.

15.1.1 Measure the sample including the inner surfaces of
any holes, and calculate the total exposed surface area.

15.1.2 Degrease and dry the sample using suitable nonchlo-
rinated agents, and then weigh to the nearest 0.001 g.

15.2 Place the specimen in a glass cradle and immerse in
boiling solution.

15.3 Mark the liquid level on the flask with wax crayon to
provide a check on vapor loss which would result in concen-
tration of acid. If there is an appreciable change in the level,
repeat the test with fresh solution and a reground specimen.

15.4 Continue immersion of the specimen for the time
shown in Table 1, then remove the specimen, rinse in water and
acetone, and dry. Times for steels not listed in Table 1 are
subject to agreement between the supplier and the purchaser.

FIG. 4 Unacceptable Structures Practice W—Oxalic-Acid Etch Test Ditched Structure—One Or More Grains Completely Surrounded
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15.5 For weight loss determination, weigh the specimen and
subtract this weight from the original weight.

15.6 No intermediate weighings are usually necessary. The
tests can be run without interruption for the time specified in
Table 1. However, if preliminary results are desired, the
specimen can be removed at any time for weighing.

15.7 No changes in solution are necessary during the test
period.

15.8 Additional ferric sulfate inhibitor may have to be
added during the test if the corrosion rate is extraordinarily
high as evidenced by a change in the color of the solution.
More ferric sulfate must be added if the total weight loss of all
specimens exceeds 2 g. (During the test, ferric sulfate is
consumed at a rate of 10 g for each 1 g of dissolved stainless
steel.)

15.9 Testing of a single specimen in a flask is preferred.
However, several specimens may be tested simultaneously. The
number is limited only by the number of glass cradles that can
be fitted into the flask (usually three or four). Each sample must
be in a separate cradle so that the samples do not touch.

15.10 During testing, there is some deposition of iron
oxides on the upper part of the Erlenmeyer flask. This can be
readily removed, after test completion, by boiling a solution of
10 % hydrochloric acid in the flask.

16. Evaluation

16.1 Depending on the agreement between the supplier and
the purchaser, the results of the test may be evaluated by
weight loss or microscopical examination as indicated in Table
1. See Sections 30 and 31.

PRACTICE Y—COPPER-COPPER SULFATE-50 %
SULFURIC ACID TEST FOR DETERMINING

SUSCEPTIBILITY TO INTERGRANULAR ATTACK
IN FERRITIC STAINLESS STEELS

17. Scope

17.1 This practice describes the procedure for conducting
the boiling copper-copper sulfate-50 % sulfuric acid test which
measures the susceptibility of stainless steels to intergranular
attack. This test detects susceptibility to intergranular attack
associated with the precipitation of chromium carbides or
nitrides in unstabilized and stabilized ferritic stainless steels.

17.2 This test may be used to evaluate the susceptibility of
as-received material to intergranular corrosion caused by
chromium carbide or nitride precipitation. It may also be used
to evaluate the resistance of high purity or stabilized grades to
sensitization to intergranular attack caused by welding or heat
treatments. It may be applied to wrought products.

17.3 This test should not be used to detect susceptibility to
intergranular attack resulting from the formation or presence of
chi phase, sigma phase, or titanium carbides or nitrides. For
detecting susceptibility to environments known to cause inter-
granular attack due to these phases use Practice X.

18. Apparatus

18.1 The basic apparatus is described in Section 3. Also
needed are:

18.1.1 For weight loss determination, an analytical balance
capable of weighing to the nearest 0.001 g.

18.1.2 For microscopical examination, a microscope with
magnification to at least 403.

18.1.3 A piece of copper metal about 3.2 by 19 by 38 mm
(1⁄8 by 3⁄4 by 11⁄2 in.) with a bright, clean finish. An equivalent
area of copper shot or chips may be used. The copper should be
washed and degreased before use. A rinse in 5 % H2SO4 will
clean corrosion products from the copper.

19. Copper-Copper Sulfate-50 % Sulfuric Acid Test
Solution

19.1 Prepare 600 mL of test solution as follows.
(Warning—Protect the eyes and face by face shield and use
rubber gloves and apron when handling acid. Place flask under
hood.)

19.1.1 First, measure 400.0 mL of distilled water in a
500-mL graduate and pour into the Erlenmeyer flask.

19.1.2 Then measure 236.0 mL of reagent grade sulfuric
acid of a concentration that must be in the range from 95.0 to
98.0 weight % in a 250-mL graduate. Add the acid slowly to
the water in the Erlenmeyer flask to avoid boiling by the heat
evolved.

19.1.3 Weigh 72 g of reagent grade cupric sulfate
(CuSO4·5H2O) and add to the sulfuric acid solution. A trip
balance may be used.

19.1.4 Place the copper piece into one glass cradle and put
it into the flask.

19.1.5 Drop boiling chips into the flask.
19.1.6 Lubricate the ground-glass joint with silicone grease.
19.1.7 Cover the flask with the condenser and circulate

cooling water.
19.1.8 Boil the solution until all of the copper sulfate is

dissolved.

20. Preparation of Test Specimens

20.1 Prepare test specimens as described in Section 4.

21. Procedure

21.1 When weight loss is to be determined, measure the
sample prior to final cleaning and then weigh.

21.1.1 Measure the sample including the inner surfaces of
any holes, and calculate the total area.

21.1.2 Degrease and dry the specimen using suitable non-
chlorinated agents, such as soap and acetone, and then weigh to
the nearest 0.001 g.

21.2 Place the specimen in another glass cradle and im-
merse in boiling solution.

21.3 Mark the liquid level on the flask with wax crayon to
provide a check on vapor loss which would result in concen-
tration of the acid. If there is an appreciable change in the level,
repeat the test with fresh solution and a reground specimen.

21.4 Continue immersion of the specimen for the time
shown in Table 1, then remove the specimen, rinse in water and
acetone, and dry. Times for alloys not listed in Table 1 are
subject to agreement between the supplier and the purchaser.

21.5 For weight loss determination, weigh the specimen and
subtract this weight from the original weight.

A 763 – 93 (2004)
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21.6 No intermediate weighings are usually necessary. The
tests can be run without interruption. However, if preliminary
results are desired, the specimen can be removed at any time
for weighing.

21.7 No changes in solution are necessary during the test
period.

22. Evaluation

22.1 Depending on the agreement between the supplier and
the purchaser, the results of the test may be evaluated by
weight loss or microscopical examination as indicated in Table
1. See Sections 30 and 31.

PRACTICE Z—COPPER-COPPER SULFATE-16 %
SULFURIC ACID TEST FOR DETECTING

SUSCEPTIBILITY TO INTERGRANULAR ATTACK
IN FERRITIC STAINLESS STEELS

23. Scope

23.1 This practice describes the procedure by which the
copper-copper sulfate-16 % sulfuric acid test is conducted to
determine the susceptibility of ferritic stainless steels to inter-
granular attack. This test detects susceptibility to intergranular
attack associated with the precipitation of chromium carbides
or nitrides in stabilized and unstabilized ferritic stainless steels.

23.2 This test may be used to evaluate the heat treatment
accorded as-received material. It may also be used to evaluate
the effectiveness of stabilizing element additions (Cb, Ti, etc.)
and reductions in interstitial content to aid in resistance to
intergranular attack. It may be applied to all wrought products
and weld metal.

23.3 This test does not detect susceptibility associated with
chi phase, sigma phase, or titanium carbides or nitrides. For
detecting susceptibility in environments known to cause inter-
granular attack due to these phases, use Practice X.

24. Apparatus

24.1 The basic apparatus is described in Section 3.

25. Copper-Copper Sulfate-16 % Sulfuric Acid Test
Solution

25.1 Dissolve 100 g of copper sulfate (CuSO4·5H2O) in 700
mL of distilled water, add 100 mL of sulfuric acid (H2SO4,
reagent grade, sp gr 1.84), and dilute to 1000 mL with distilled
water.

NOTE 4—The solution will contain approximately 6 weight % of
anhydrous CuSO4, and 16 weight % of H2SO4.

26. Copper Addition

26.1 Electrolytic grade copper shot or grindings may be
used. Shot is preferred for its ease of handling before and after
the test.

26.2 A sufficient quantity of copper shot or grindings shall
be used to cover all surfaces of the specimen whether it is in a
vented cradle or embedded in a layer of copper shot on the
bottom of the test flask.

26.3 The amount of copper used, assuming an excess of
metallic copper is present, is not critical. The effect of galvanic
coupling between copper and the test specimen may have
importance(7).

26.4 The copper shot or grindings may be reused if they are
cleaned in warm tap water after each test.

27. Preparation of Test Specimens

27.1 Prepare test specimens as described in Section 4.

28. Procedure

28.1 The volume of acidified copper sulfate test solution
used should be sufficient to completely immerse the specimens
and provide a minimum of 8 mL/cm2(50 mL/in.2).

28.1.1 As many as three specimens can be tested in the same
container. It is ideal to have all the specimens in one flask to be
of the same grade, but it is not absolutely necessary. The
solution volume-to-sample area ratio shall be maintained.

NOTE 5—It may be necessary to embed large specimens, such as from
heavy bar stock, in copper shot on the bottom of the test flask. A copper
cradle may also be used.

28.1.2 The test specimen(s) should be immersed in ambient
test solution which is then brought to a boil and maintained
boiling throughout the test period. Begin timing the test period
when the solution reaches the boiling point.

NOTE 6—Measures should be taken to minimize bumping of the
solution when glass cradles are used to support specimens. A small
amount of copper shot (eight to ten pieces) on the bottom of the flask will
conveniently serve this purpose.

28.1.3 The test shall consist of one 24-h boiling period
unless a longer time is specified. See Table 1. Times longer
than 24 h should be included in the test report. Fresh test
solution would not be needed if the test were to run 48 or 72
h. (If any adherent copper remains on the specimen, it may be
removed by a brief immersion in concentrated nitric acid at
room temperature. The sample is then rinsed in water and
dried.)

29. Evaluation

29.1 As shown in Table 1, the results of this test are
evaluated by a bend test. See Section 32.

EVALUATION METHODS

30. Evaluation by Weight Loss

30.1 Measure the effect of the acid solution on the material
by determining the loss of weight of the specimen. Report the
corrosion rates as inches of penetration per month, calculated
as follows:

Millimeters per month5 72903 W/A 3 t 3 d

where:
t = time of exposure, h,
A = area, cm2,
W = weight loss, g, and
d = density, g/cm3. For steels 14-20Cr,d = 7.7 g/cm3; for

steels with more than 20Cr,d = 7.6 g/cm3.

NOTE 7—Conversion factors to other commonly used units for corro-
sion rates are as follows:

Millimeters per month3 0.04 = inches per month
Millimeters per month3 0.47 = inches per year
Millimeters per month3 12 = millimeters per year
Millimeters per month3 472 = mils per year
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Millimeters per month3 1000 3 density/3 = milligram per square
decimeter per day

Millimeters per month3 1.393 density = grams per square meter per
hours

30.2 What corrosion rate is indicative of intergranular attack
depends on the alloy and must be determined by agreement
between the supplier and the purchaser. Some experience with
corrosion rates of ferritic stainless steels in Practices X and Y
is given in the literature(5).

31. Evaluation by Microscopical Examination

31.1 Examine the test specimens for Practices X and Y
under a binocular microscope at 403 magnification. Grain
dropping is usually an indication of intergranular attack, but
the number of dropped grains per unit area that can be tolerated
is subject to agreement between the supplier and the purchaser.

31.1.1 Grain dropping is the dislodgement and loss of a
grain or grains from a metal surface as the result of intergranu-
lar corrosion.

32. Evaluation by Bend Test

32.1 Bend the test specimen through 180° and over a radius
equal to twice the thickness of the specimen being bent (see
Fig. 5). In no case shall the specimen be bent over a smaller
radius or through a greater angle than that specified in the

product specification. In cases of material having low ductility,
such as severely cold worked material, a 180° bend may prove
impractical. Determine the maximum angle of bend without
causing cracks in such material by bending an untested
specimen of the same configuration as the specimen to be
tested. Welded samples should be bent in such a manner that
weld and the heat-affected zone are strained.

32.1.1 Obtain duplicate specimens from sheet material so
that both sides of the rolled samples may be bent through a
180° bend. This will ensure detection of intergranular attack
resulting from carburizing of one surface of sheet material
during the final stages of rolling.

NOTE 8—Identify the duplicate specimens in such a manner as to
ensure both surfaces of sheet material being tested are subjected to the
tension side of the 180° bends.

32.1.2 Samples machined from round sections shall have
the curved or original surface on the outside of the bend.

32.1.3 The specimens are generally bent by holding in a vise
and starting the bend with a hammer. It is generally completed
by bringing the two ends together in the vise. Heavy specimens
may require bending in a fixture of suitable design. An air or
hydraulic press may also be used for bending the specimens.

32.1.4 Flatten tubular products in accordance with the
flattening test prescribed in Test Methods and Definitions
A 370.

32.2 Examine the bent specimen under low (5 to 203)
magnification (see Fig. 6). The appearance of fissures or cracks
indicates the presence of intergranular attack (see Fig. 7).

32.2.1 When an evaluation is questionable, determine pres-
ence or absence of intergranular attack by metallographic
examination of a longitudinal section of the specimen at a
magnification of 100 to 2503.

NOTE 9—Cracking that originates at the edge of the specimen should be
disregarded. The appearance of deformation lines, wrinkles, or “orange
peel” on the surface, without accompanying cracks or fissures, should be
disregarded also.

NOTE 10—Cracks suspected as arising through poor ductility may be
investigated by bending a similar specimen that was not exposed to the
boiling test solution. A visual comparison between these specimens should
assist in interpretation.

33. Keywords

33.1 copper sulfate; corrosion testing; etch structures; ferric
sulfate; ferritic stainless steel; intergranular corrosion; oxalic
acidFIG. 5 Bend Test Specimen
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FIG. 6 Bend Test Specimen That Does Not Show Fissures

FIG. 7 Bend Test Specimen Showing Intergranular Fissures
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Designation: A 764 – 95 (Reapproved 2001)

Standard Specification for
Metallic Coated Carbon Steel Wire, Coated at Size and
Drawn to Size for Mechanical Springs 1

This standard is issued under the fixed designation A 764; 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 two finishes of round, metallic
coated, hard-drawn, carbon steel spring wire having properties
and quality for the manufacture of mechanical springs and wire
forms that are not subject to high stress or require high fatigue
properties.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values stated in SI units are for informa-
tion purposes only. Tables 1-9

2. Referenced Documents

2.1 ASTM Standards:
A 90 Test Method for Weight of Coating on Zinc-Coated

(Galvanized) Iron or Steel Articles2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products3

A 428 Test Method for Weight of Coating on Aluminum-
Coated Iron or Steel Articles2

A 510 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel3

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment4

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products3

B 6 Specification for Zinc (Slab Zinc)5

B 750 Specification for Zinc-5 % Aluminum-Mischmetal
Alloy (UNS Z 38510) in Ingot Form for Hot-Dip Coat-
ings5

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications6

2.2 U.S. Government Standards:7

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)

MIL-STD-129 Marking for Shipment and Storage
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage
2.3 Automotive Industry Action Group Standard:
AIAG B-5 02.00 Primary Metals Identification Tag Appli-

cation Standard8

3. Terminology

3.1 Definitions:
3.1.1 coating class (regular, 1, or 3)—specifies the mini-

mum coating weight per unit area of uncoated wire surface.
Aluminum coated wire is only specified in one class.

3.1.2 coating finish (1 or 2)—specifies whether a coating is
applied prior to or after the final cold drawing operation.

3.1.3 coating type (A, B, or C)—specifies the required alloy
content of the coating.

3.1.4 tensile class (I or II)—specifies the tensile range to
which the wire is to conform.

4. Ordering Information

4.1 Orders for material under this specification should
include the following information:

4.1.1 Quantity (weight),
4.1.2 Diameter, finish, class of coating if applicable, type of

metallic coating, class of tensile strength, name of material,
4.1.3 ASTM designation and date of issue,
4.1.4 Packaging (Section 15),
4.1.5 Cast or heat analysis report, if desired (Section 6), and
4.1.6 Test report, if desired (Section 14).

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloysand is under the direct responsibility of
Subcommittee A01.03on Steel Rod and Wire.

Current edition approved June 15, 1995. Published August 1995. Originally
published as A 764 – 79. Last previous edition A 764 – 93.

2 Annual Book of ASTM Standards, Vol 01.06.
3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 01.05.
5 Annual Book of ASTM Standards, Vol 02.04.
6 Annual Book of ASTM Standards, Vol 14.02.
7 Available from Standardization Documents Order Desk, Bldg. 4, Section D,

700 Robbins Ave., Philadelphia, PA 19111-5094, ATTN: NPODS.

8 Available from Automotive Industry Action Group, 26200 Lahser, Suite 200,
Southfield, MI 48034.

TABLE 1 Chemical Requirements

Element Composition, %

Carbon 0.45–0.85A

Manganese 0.30–1.30B

Phosphorus, max 0.040
Sulfur, max 0.050
Silicon 0.10–0.35

A Carbon in any one lot shall not vary by more than 0.13 %.
B Manganese in any one lot shall not vary by more than 0.30 %.

1
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NOTE 1—A typical ordering description is as follows: 30 000 lb 0.120
in. Finish 2, Class 1, Type B Metallic Coating, Tensile Class II, Steel
Mechanical Spring Wire in 400-lb, 22-in. coils to ASTM A 764, dated .

5. Materials and Manufacture

5.1 The base metal of the wire shall be of good commercial
quality steel. The steel may be either ingot cast or strand cast.

5.2 A sufficient discard shall be made to ensure freedom
from injurious piping and undue segregation.

5.3 The wire shall be cold drawn to produce the desired
mechanical properties.

5.4 Each coil shall be of one continuous length. Only welds
made prior to cold drawing are permitted, unless otherwise
agreed upon at the time of the purchase or contract.

5.5 The material shall be metallic coated prior to cold
drawing, or at an intermediate stage of cold drawing (Finish 1),
or shall be metallic coated after the final cold drawing (Finish
2).

5.6 The wire shall be furnished with one of three types of
metallic coating, as specified:

5.6.1 Type A—Aluminum coated (aluminized),
5.6.2 Type B—Zinc coated (galvanized), or
5.6.3 Type C—Zinc-5 % aluminum-mischmetal (Zn-5Al-

MM) alloy coated.
5.7 Coating Types A and C shall be produced by a hot-dip

process. Coating Type B may be produced by either a hot-dip
or an electrolytic process at the option of the producer.

5.8 The slab zinc for Coating Type B shall be any grade of
zinc conforming to Specification B 6.

TABLE 2 Tensile Requirements A—Finish 1 (Drawn to Size Metallic Coated), Regular or Class 1 Coating (One Class on Coating Type A)

Wire Diameter,B in. (mm)

Tensile Class I Tensile Class II

Tensile Strength, ksi (MPa) Tensile Strength, ksi (MPa)

min max min max

0.032 (0.81)C 253 (1740) 306 (2110) 292 (2010) 347 (2390)
0.035 (0.89)C 248 (1710) 301 (2080) 287 (1980) 342 (2360)
0.041 (1.04)C 242 (1670) 293 (2020) 279 (1920) 332 (2290)
0.048 (1.22)C 236 (1630) 286 (1970) 273 (1880) 325 (2240)
0.054 (1.37) 231 (1590) 279 (1920) 266 (1830) 316 (2180)
0.062 (1.57) 225 (1550) 272 (1880) 259 (1790) 308 (2120)
0.072 (1.83) 220 (1520) 266 (1830) 254 (1750) 301 (2080)
0.080 (2.03) 216 (1490) 261 (1800) 249 (1720) 296 (2040)
0.092 (2.34) 209 (1440) 253 (1740) 241 (1660) 287 (1980)
0.106 (2.69) 205 (1410) 248 (1710) 237 (1630) 281 (1940)
0.120 (3.05) 200 (1380) 241 (1660) 230 (1590) 273 (1880)
0.135 (3.43) 196 (1350) 237 (1630) 226 (1560) 269 (1850)
0.148 (3.76) 193 (1330) 234 (1610) 223 (1540) 266 (1830)

A Tensile strength values for intermediate diameters may be interpolated.
B Decimal size is rounded to three significant places in accordance with Practice E 29.
C These sizes are not produced with metallic coating Type A.

TABLE 3 Tensile Requirements A—Finish 2 (Metallic Coated at Size) Regular, Class 1 or Class 3 Coating (One Class on Coating Type
A)

Wire Diameter,B in. (mm)

Class I Class II

Tensile Strength, ksi (MPa) Tensile Strength, ksi (MPa)

min max min max

0.062 (1.57)C 213 (1470) 272 (1880) 232 (1600) 291 (2010)
0.072 (1.83)C 209 (1440) 266 (1830) 227 (1570) 284 (1960)
0.080 (2.03) 204 (1410) 261 (1800) 223 (1540) 280 (1930)
0.092 (2.34) 198 (1370) 253 (1740) 216 (1490) 271 (1870)
0.106 (2.69) 194 (1340) 248 (1710) 212 (1460) 266 (1830)
0.120 (3.05) 189 (1300) 241 (1660) 206 (1420) 258 (1780)
0.135 (3.43) 185 (1280) 237 (1630) 202 (1390) 254 (1750)
0.148 (3.76) 183 (1260) 234 (1610) 200 (1380) 251 (1730)
0.162 (4.11) 180 (1240) 230 (1590) 196 (1350) 246 (1700)
0.177 (4.50) 176 (1210) 225 (1550) 192 (1320) 241 (1660)
0.192 (4.88) 173 (1190) 221 (1520) 189 (1300) 237 (1630)
0.207 (5.26) 171 (1180) 218 (1500) 186 (1280) 233 (1610)
0.225 (5.72)C 167 (1150) 214 (1480) 183 (1260) 230 (1590)
0.250 (6.35)C 164 (1130) 210 (1450) 179 (1230) 225 (1550)

A Tensile strength values for intermediate diameters may be interpolated.
B Decimal size is rounded to three significant places in accordance with Practice E 29.
CThese sizes are not produced with metallic coating Type A.

TABLE 4 Mandrel Diameters for Steel Ductility and Adherence
of Metallic Coating Test for Finish 1 Wire (Drawn to Size Metallic

Coated)

Wire Diameter Mandrel Diameter

in. mm Class I
Tensile

Class II
Tensile

0.032 to
0.148 incl

0.81 to 3.76
incl

1DA 2D

AD equals nominal wire diameter being tested. For 1D mandrel, wire may be
wound on itself.
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5.9 The ingot used for Coating Type C shall conform to
Specification B 750.

6. Chemical Requirements

6.1 The steel shall conform to the requirements for chemical
composition prescribed in Table 1.

6.2 Cast or Heat Analysis—Each cast or heat of steel shall
be analyzed by the manufacturer to determine compliance with
the percentage of elements prescribed in Table 1. This analysis
shall be from a test specimen preferably taken during the
pouring of the cast or heat. When required, this shall be
reported to the purchaser.

6.3 Product Analysis—An analysis may be made by the
purchaser from finished wire representing each cast or heat of
steel. The chemical composition thus determined, as to ele-
ments required or restricted, shall conform to the product
analysis requirements specified in Table 10 of Specification
A 510.

6.4 For referee purposes, Test Methods, Practices, and
Terminology A 751 shall be used.

7. Mechanical Requirements

7.1 Tension Test:
7.1.1 Requirements—The material as represented by tension

test specimens shall conform to the requirements prescribed in
Table 2 or Table 3 for the various sizes and specified class.

TABLE 5 Mandrel Diameters for Steel Ductility and Adherence of Metallic Coating Test for Finish 2 Wire (Metallic Coated at Size)

Wire Diameter Mandrel Diameters for Various Coating and Tensile Strength Classes

Regular and Class I Coating Class 3 Coating

in. mm Class I Tensile Class I Tensile Class I Tensile Class II Tensile

0.062 to under 0.076 1.57 to under 1.93 1DA 2D 2D 3D
0.076 to under 0.148 1.93 to under 3.76 2D 3D 3D 4D
0.148 to under 0.162 3.76 to under 4.11 2D 4D 4D 5D
0.162 to 0.250 incl 4.11 to 6.35 incl 3D 5D 4D 5D

AD equals nominal wire diameter being tested.

TABLE 6 Minimum Weight of Aluminum per Unit Area of
Uncoated Wire Surface

Wire Diameter,A

in. (mm)
Finish 1 Finish 2

oz/ft2 g/m2 oz/ft2 g/m2

0.054 (1.37) 0.20 61 . . . . . .
0.062 (1.57) 0.20 61 . . . . . .
0.072 (1.83) 0.20 61 . . . . . .
0.076 (1.93) 0.21 64 . . . . . .
0.080 (2.03) 0.21 64 0.30 92
0.092 (2.34) 0.21 64 0.32 98
0.099 (2.51) 0.23 70 0.32 98
0.106 (2.69) 0.23 70 0.35 107
0.120 (3.05) 0.23 70 0.35 107
0.135 (3.43) 0.25 70 0.35 107
0.148 (3.76) 0.25 70 0.40 122
0.162 (4.11) 0.27 82 0.40 122
0.177 (4.50) 0.27 82 0.40 122
0.192 (4.88) 0.30 92 0.40 122
0.207 (5.26) 0.30 92 0.40 122

ADiameters, other than those shown above, are produced with aluminum
coating equivalent to those of the next smaller size.

TABLE 7 Minimum Weight of Zinc or Zinc-5 % Aluminum-
Mischmetal Alloy per Unit Area of Uncoated Wire Surface

Wire Diameter,A

in. (mm)
Class 1 Coating Class 3 Coating

oz/ft2 g/m2 oz/ft2 g/m2

0.032 (0.81) 0.05 16 0.25 76
0.035 (0.89) 0.10 31 0.40 122
0.041 (1.04) 0.10 31 0.40 122
0.048 (1.22) 0.15 46 0.40 122
0.054 (1.37) 0.15 46 0.40 122
0.062 (1.57) 0.15 46 0.50 153
0.072 (1.83) 0.15 46 0.50 153
0.076 (1.93) 0.20 61 0.60 183
0.080 (2.03) 0.25 76 0.65 198
0.092 (2.34) 0.30 92 0.70 214
0.099 (2.51) 0.30 92 0.80 244
0.106 (2.69) 0.30 92 0.80 244
0.120 (3.05) 0.30 92 0.80 244
0.135 (3.43) 0.30 92 0.80 244
0.148 (3.76) 0.40 122 0.80 244
0.162 (4.11) 0.40 122 0.80 244
0.177 (4.50) 0.40 122 0.80 244
0.192 (4.88) 0.50 153 0.90 275
0.207 (5.26) 0.65 198 0.90 275
0.225 (5.72) 0.65 198 0.90 275
0.250 (6.35) 0.65 198 0.90 275

ADiameters, other than those shown above, are produced with metallic coating
equivalent to those of the next smaller size.

TABLE 8 Permissible Variations in Dimensions Finish 1, Drawn
to Size Metallic Coated A

Wire Diameter, in. (mm) Permissible Variations,
Plus and Minus, in. (mm)

Permissible Out-of-Round,
in. (mm)

0.032 (0.81) to under
0.076 (1.93)

0.001 (0.03) 0.001 (0.03)

0.076 (1.93) to 0.148
(3.76) incl

0.002 (0.05) 0.002 (0.05)

AFor purposes of determining conformance with this specification, all specified
limits are absolute as defined in Practice E 29.

TABLE 9 Permissible Variations in Dimensions Finish 2, Metallic
Coated at Size

Wire Diameter, in. (mm)A Tolerance,B Plus and Minus, in. (mm)

Regular and Class I
Coating

Class 3 Coating

0.062 (1.57) to under
0.076 (1.93)

0.002 (0.05) 0.002 (0.05)

0.076 (1.93) to 0.250
(6.35) incl

0.003 (0.08) 0.004 (0.102)

AFor the purpose of determining conformance with this specification, an
observed value shall be rounded to the nearest 0.001 in. (0.03 mm) in accordance
with the rounding method of Practice E 29.

BIt is recognized that the surfaces of hot dipped metallic coatings are not
perfectly smooth and devoid of irregularities. If the tolerances shown above are
rigidly applied to such irregularities that are inherent to the product, unjustified
rejections of wire that would actually be satisfactory for use could occur. Therefore,
it is intended that these tolerances be used in gaging the uniform areas of the
metallic coated wire.
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7.1.2 Test Method—The tension test shall be made in
accordance with Test Methods A 370, Supplement IV.

7.2 Wrap Test:
7.2.1 Requirement—Finish 1 (drawn to size metallic coated)

wire shall withstand wrapping on a mandrel as shown in Table
4 without the steel base fracturing or the metallic coating
peeling or flaking to such an extent that coating metal can be
removed by rubbing with the bare fingers. Finish 2 (metallic
coated at size) wire shall withstand wrapping on a mandrel as
shown in Table 5 without the steel base fracturing or the
metallic coating peeling or flaking to such an extent that
coating metal can be removed by rubbing with the bare fingers.
Loosening or detachment, during the wrap test, of superficial,
small particles of coating metal formed by mechanical polish-
ing of the metallic coated wire shall not be considered cause for
rejection.

7.2.2 Test Method—The wrap test shall be made in accor-
dance with Test Methods A 370, Supplement IV.

7.3 Metallic Coating.
7.3.1 Requirement:
7.3.1.1 For metallic coating Type A, the wire shall conform

to the minimum weight of coating prescribed in Table 6.
7.3.1.2 For metallic coating Type B or Type C, the wire shall

conform to the minimum weight of coating for Coating Class
1 or 3 prescribed in Table 7. Regular coating has no minimum
requirement.

7.3.2 Test Methods:
7.3.2.1 The weight of coating test for metallic coating Type

A shall be made in accordance with Test Method A 428.
7.3.2.2 The weight of coating test for metallic coating Type

B or Type C shall be made in accordance with Test Method
A 90.

8. Dimensions and Permissible Variations

8.1 The diameter of the wire shall not vary from that
specified by more than the tolerances specified in Table 8 or
Table 9.

9. Workmanship, Finish, and Appearance

9.1 The surface of Finish 1, drawn metallic coated wire,
shall be smooth and free from defects such as seams, pits, die
marks, and other defects tending to impair the use of the wire
for springs.

9.2 The surface of Finish 2, metallic coated at wire size,
shall be free of slivers, scale, and other defects tending to
impair the use of this wire for springs. The metallic coating
shall be smooth and continuous. If a sample does not demon-
strate a smooth and continuous coating, one sample shall be cut
from each end of the coil and examined.

9.3 The wire shall be packaged so that it can be unwound in
a trouble-free manner.

10. Sampling

10.1 A lot shall consist of all of the coils of wire of the same
size, type of coating, tensile strength class, metallic coating
type, finish, and heat or cast offered for inspection at one time.
A wire sample of sufficient length, approximately 4 ft (1.2 m),
shall be cut from either end of each coil selected for tests
described in 7.1, 7.2, and 7.3.

11. Number of Tests and Retests

11.1 The number of test specimens taken from the ends of
coils during production to ensure compliance with 7.1, 7.2, and
7.3 varies with the quality control procedures and the manu-
facturing facilities of each manufacturer, but is generally not
less than 10 % of the coils produced. For the purpose of final
product testing, one specimen from every ten coils, or a
fraction thereof, in a lot shall be selected at random, or a total
of seven specimens, whichever is less.

11.2 Should one or more of the wire specimens fail any
requirement, the lot shall be subjected to retest. For retest
purposes the original lot shall be regrouped into 50 coil lots or
fractions thereof. Each lot shall be tested for the property in
which the original sample failed to comply at a frequency of
10 % or more so that the total number of tests is at least double
the original. Any lot that exhibits a failure shall be rejected.
The manufacturer may test each coil in the failed lot for the
property in which failure occurred and reject only the noncon-
forming coils.

11.3 If any test specimen exhibits obvious imperfections
due to cutting a sample from the coil or due to handling
damage after the sample has been cut, it may be discarded and
another specimen substituted.

12. Inspection

12.1 Unless otherwise specified in the contract or purchase
order, the manufacturer is responsible for the performance of
all inspection and test requirements specified in this specifica-
tion. 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 ensure that the material conforms to prescribed
requirements.

13. Rejection and Rehearing

13.1 Unless otherwise specified, any rejection based on tests
made in accordance with this specification shall be reported to
the manufacturer within a reasonable length of time after
receipt of the material.

13.2 The material must be adequately protected and cor-
rectly identified in order that the producer may make a proper
investigation.

14. Certification

14.1 When specified on the purchase order or contract, a
manufacturer’s or supplier’s certification shall be furnished to
the purchaser that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

14.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.
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15. Packaging, Marking, and Loading

15.1 The coil weight, dimensions, and method of packaging
shall be agreed upon between the manufacturer and the
purchaser.

15.2 The size of wire, ASTM specification, finish, coating
class, coating type, tensile class, and name or mark of the
manufacturer shall be shown on a tag securely attached to each
package of wire.

15.3 Unless otherwise specified in the purchaser’s order,
packaging, marking, and loading for shipments shall be in
accordance with those procedures outlined in Practices A 700.

15.4 When specified in the contract or order, and for direct
procurement by or direct shipment to the U.S. Government,
when Level A is specified, preservation, packaging, and pack-
ing shall be in accordance with the Level A requirement of
MIL-STD-163.

15.5 When specified in the contract or order, and for direct
procurement by or direct shipment to the U.S. Government,
marking for shipment, in addition to requirements specified in
the contract or order, shall be in accordance with MIL-STD-
129 for U.S. Military Agencies and in accordance with Fed.
Std. No. 123 for U.S. Government Civil Agencies.

15.6 Bar Coding—In addition to the previously stated
identification requirements, bar coding is acceptable as a
supplementary identification method. Bar coding should be
consistent with AIAG Standard 02.00. The bar code may be
applied to a substantially affixed tag.

16. Keywords

16.1 aluminized; galvanized; mechanical springs; springs;
steel wire; wire; wire forms; zinc-5 % aluminum-mischmetal
alloy coated

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: A 793 – 96 (Reapproved 2001)

Standard Specification for
Rolled Floor Plate, Stainless Steel 1

This standard is issued under the fixed designation A 793; 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 stainless steel floor plates ½ in.
and under for use in galley spaces, washrooms, engine rooms,
and machinery spaces, and for ladder treads, gun platforms,
and deck treads. For these uses, Patterns A, B, and C are
considered interchangeable (see Fig. 1, Fig. 2, and Fig. 3).

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:
A 340 Terminology of Symbols and Definitions Relating to

Magnetic Testing2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products3

A 480/A 480M Specification for General Requirements for
Flat-Rolled Stainless and Heat-Resisting Steel Plate,
Sheet, and Strip3

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment4

2.2 Military Standards:
MIL-I-17214 Indicator, Permeability; Low Mu (Go-NoGo)5

MIL-STD-163 Preservation of Steel Products for Domestic
Shipment (Storage and Overseas Shipment)5

3. Ordering Information

3.1 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:

3.1.1 Quantity—number of pieces,
3.1.2 Dimensions (thickness, width, and length, see Table

1),

3.1.3 Name of material (stainless steel floor plate),
3.1.4 Grade (see Table 2),
3.1.5 Flat back or hollow back (See Table 1),

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys, and is the direct responsibility of Subcommittee
A01.17 on Flat Rolled and Wrought Stainless Steel.

Current edition approved Sept. 10, 1996. Published November 1996. Originally
published as A 793 – 81. Last previous edition A 793 – 90e1.

2 Annual Book of ASTM Standards, Vol 03.04.
3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 01.05.
5 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

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

FIG. 1 Pattern A (percent of reduction, 61 %)

FIG. 2 Pattern B (original of raised figures approximately 1¼ in.,
percent of reduction 61 %)

1
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3.1.6 Surface finish (see Specification A 480/A 480M),
3.1.7 Special requirements, such as magnetic permeability

test (see 6.3),
3.1.8 ASTM designation and date of issue,

3.1.9 Preparation for delivery, if different from Specification
A 480/A 480M, and

3.1.10 Marking requirements, if different from Specification
A 480/A 480M.

FIG. 3 Pattern C

TABLE 1 Dimensions, Weights, and Special Characteristics of Patterns A, B, and C

Thickness of Plate at
Base of Raised Figure

(Nominal), in. (mm)

Thickness of Plate at
Base of Raised Figure,

min, in. (mm)

Hollow Back Flat Back

Weight
(Approximate),
lb/ft2(kg/m2)A

Height of Raised
Figures, min,

in. (mm)

Weight
(Approximate),
lb/ft2(kg/m2)A

Height of Raised
Figures, min,

in. (mm)

0.025 (0.64) 0.015 (0.38) 1.10 (5.37) 0.025 (0.64) . . . . . .
0.03125 (0.79) 0.02125 (0.54) 1.40 (6.84) 0.025 (0.64) . . . . . .
0.0375 (0.95) 0.027 (0.69) 1.65 (5.69) 0.025 (0.64) . . . . . .
0.05 (1.27) 0.039 (0.99) 2.30 (11.23) 0.035 (0.89) . . . . . .
0.0625 (1.59) 0.051 (1.30) 2.90 (14.16) 0.035 (0.89) . . . . . .
0.078 (1.98) 0.063 (1.60) 3.50 (17.09) 0.035 (0.89) . . . . . .

0.09375 (2.38) 0.079 (2.01) 3.938 (19.23) 0.035 (0.89) 4.875 (23.80) 0.035 (0.89)
0.109 (2.77) 0.096 (2.44) 4.59 (22.41) 0.030 (0.76) 5.50 (26.85) 0.045 (1.14)
0.125 (3.18) 0.110 (2.79) 5.25 (25.64) 0.030 (0.76) 6.125 (23.90) 0.055 (1.40)
0.140 (3.56) 0.126 (3.20) . . . . . . 6.75 (32.96) 0.055 (1.40)
0.156 (3.96) 0.141 (3.58) . . . . . . 7.375 (36.01) 0.055 (1.40)
0.172 (4.37) 0.157 (3.99) . . . . . . 8.000 (39.06) 0.055 (1.40)
0.1875 (4.76) 0.173 (4.39) . . . . . . 8.625 (42.11) 0.060 (1.52)
0.203 (5.16) 0.189 (4.80) . . . . . . 9.25 (45.16) 0.060 (1.52)
0.218 (5.54) 0.204 (5.18) . . . . . . 9.875 (48.21) 0.060 (1.52)
0.234 (5.94) 0.219 (5.56) . . . . . . 10.50 (51.27) 0.060 (1.52)
0.250 (6.35) 0.235 (5.97) . . . . . . 11.125 (54.32) 0.060 (1.52)

A Approximate weights are shown for estimating convenience.

TABLE 2 Heat Chemical Composition, %

Type
UNS Des-
ignation

C, max Mn, max P, max S, max Si, max N, max Ni Cr Mo

304 S30400 0.08 2.00 0.045 0.030 0.75 0.10 8.00–10.50 18.00–20.00 . . .
304L S30403 0.030 2.00 0.045 0.030 0.75 0.10 8.00–12.00 18.00–20.00 . . .
316 S31600 0.08 2.00 0.045 0.030 0.75 0.10 10.00–14.00 16.00–18.00 2.00–3.00
316L S31603 0.030 2.00 0.045 0.030 0.75 0.10 10.00–14.00 16.00–18.00 2.00–3.00
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NOTE 1—A typical ordering description is as follows: 100 pieces,
stainless steel floor plates, 0.1875 by 60 by 120 in., Type 304 (S30400),
ASTM 793 – XX.

4. Materials and Manufacture

4.1 The steel floor plate material shall conform to the
requirements of one of the grades listed in Table 2.

4.2 Annealing shall be the last heat treatment to which the
material is subjected by the manufacturer.

4.3 The stainless steel floor plate shall be of the following
patterns, at the option of the manufacturer:

4.3.1 Pattern A—Angular (see Fig. 1).
4.3.2 Pattern B—Angular (see Fig. 2).
4.3.3 Pattern C—Angular (see Fig. 3).

5. Chemical Composition

5.1 The heat chemical composition shall be reported to the
purchaser, or his representative, and shall conform to the
requirements for the specified grade as listed in Table 2.

5.2 For the purpose of chemical analysis, a lot shall consist
of all floor plates and sheets made from the same heat. In case
the material cannot be identified by melt or heat, a lot shall
consist of not more than 25 tons (22.7 Mg) of floor plates and
sheets offered for delivery at the same time.

5.3 One sample of suitable size shall be selected from each
lot identified by heat. When the material cannot be identified
by melt or heat, five separate samples from each lot shall be
selected. Samples may be taken from bend test specimens
representative of the lot. The chemical compositions thus
determined shall conform to the expanded tolerances for
product analysis shown in Table 2 of Specification A 480/
A 480M. If any sample fails to conform, this shall be cause for
rejection of the lot represented by the sample.

6. Mechanical Properties

6.1 Lot Size—A lot shall consist of all floor plates of the
same thickness made from the same heat. In case the material
cannot be identified by melt, a lot shall consist of not more than
25 tons (22.7 Mg) of floor plates of the same thickness.

6.2 Bend Test:
6.2.1 From each lot, two longitudinal cold bend test speci-

mens, 18 in. long by 2 in. wide (457 by 51 mm), shall be
selected. When a lot cannot be identified by melt, five
longitudinal cold bend test specimens, 18 in. long by 2 in.
wide, shall be selected. Each of the specimens shall be taken
from a different plate.

6.2.2 The specimens shall be bent cold, with the figures in
the inside of the bend test specimens, through an angle of 180°
flat on itself. The raised figures shall not be removed and the

material shall not fracture nor develop cracks or flaws when
subjected to the cold bend test. In the case of failure of any of
the bend test specimens to conform, this shall be cause for
rejection of the lot represented by the sample (see Test
Methods and Definitions A 370).

6.3 Magnetic Permeability Test:
6.3.1 When magnetic permeability is specified, a lot shall

consist of all floor plates of the same thickness made from the
same melt. In case the material cannot be identified by melt, a
lot shall consist of not more than 25 tons (22.7 Mg) of floor
plates of the same thickness.

6.3.2 Specimen for magnetic permeability test shall be a
minimum of 13⁄16 in. wide by 2 in. by not more than1⁄2 in. thick
(30 by 50 by 13 mm). The samples shall be large enough that
any cold work induced by cutting the sample from the master
plate shall not affect the magnetic permeability test. The
sample shall be tested in the as mill annealed condition.

6.3.3 The magnetic permeability shall not exceed 1.20 when
the magnetic permeability indicator of MIL-I-17214 is used. In
case of failure of the specimen to comply, this shall be cause
for rejection of the lot represented by the sample (see Termi-
nology A 340).

7. Permissible Variations in Dimensions

7.1 Dimensions, weights, and special characteristics of Pat-
terns A, B, and C shall be as specified in Table 1. The stainless
steel floor plates shall have raised figures on one surface of the
floor plate. The reverse side shall be flat, except that the portion
below the raised figure on plates having a nominal weight
below 5.25 lb/ft2(25.5 kg/m2) may be hollow.

7.2 Plates shall not exceed the respective weight specified in
Table 1 by more than 8 %.

7.3 Variations over the specified width and length shall not
exceed the amounts permitted in Table 3. Variations under the
specified width and length shall not exceed1⁄4 in. (6.3 mm).

7.4 The thickness of the floor plates shall conform to the
requirements of Table 1 and shall be measured at least3⁄8 in.
(9.5 mm) from the edge of the plate exclusive of the raised
figures.

7.5 Camber Tolerances—The camber tolerance for like
raised figures of rolled floor plates shall be determined by the
following equation:

Camber tolerance, in.5
3/8 3 number of feet of length

5

NOTE 2—Length shall be taken as the direction along which the camber
is to be measured.

TABLE 3 Permissible Variations over Specified Width and Length of Regular Sheared Plates, in. (mm)

NOTE 1—Any other ordered thickness may be subject to agreement between purchaser and seller.

Specified Dimensions
Variations over Specified Width and Length for Given Width, Length, and Thickness

Thickness Under 3⁄8 Thickness 3⁄8 to 1⁄2, incl

Width Length Width Length Width Length

48 (1219) and under 240 (6096) and under 1⁄8 (3.2) 3⁄16 (4.8) 3⁄16 (4.8) 1⁄4 (6.4)
Over 48 to 60 (1219 to 1524), incl 240 (6096) and under 3⁄16 (4.8) 1⁄4 (6.4) 1⁄4 (6.4) 5⁄16 (7.9)
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7.6 Floor plates of stainless steel shall have figures not less
than5⁄8 in. (15.9 mm) nor more than 11⁄2 in. (38.1 mm) long at
the base. The figures shall have a uniform pitch from center to
center as indicated by the dimensions shown in Fig. 1 and Fig.
2. A variation of61⁄32 in. (0.8 mm) will be permitted. Angular
pattern plates and sheets shall have the figures arranged so that
they are in an angular position from a vertical or horizontal
line. Plates shall have a raised figure, and raised portion of the
plates shall cover at least 30 % of the total surface of one side
of the plate. (Fig. 1 and Fig. 2 approximate actual horizontal
dimensions and show the plates acceptable as to pattern of
raised figures.)

8. Workmanship

8.1 Floor plates of stainless steel shall be uniform in quality
and condition, free of injurious defects, that, due to their nature
or severity, may detrimentally affect the suitability for the
service intended.

8.2 Floor plates shall be sheared on a line of approximately
45° to the axis of the figures and located so far as practicable
in such position as to cut through the minimum amount of
raised figure.

9. General Requirements for Delivery

9.1 Material furnished under this specification shall con-
form to applicable requirements of the current edition of
Specification A 480/A 480M.

10. Inspection

10.1 Inspection of the material by the purchaser’s represen-
tative at the producing plant shall be made as agreed upon
between the purchaser and the seller as part of the purchase
order.

11. Packaging, Marking, and Loading

11.1 Unless otherwise specified, packaging, marking, and
loading shall be in accordance with those procedures recom-
mended by Practices A 700.

11.2 For Government Procurement—When specified in the
contract or order, marking or preparation for shipment shall be
in accordance with MIL-STD-163.

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).

A 793 – 96 (2001)

4



Designation: A 794 – 97 (Reapproved 2002)

Standard Specification for
Commercial Steel (CS), Sheet, Carbon (0.16 % Maximum to
0.25 % Maximum), Cold-Rolled 1

This standard is issued under the fixed designation A 794; 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 cold-rolled commercial steel
(CS) sheet in coils and cut lengths, in which the maximum of
the specified carbon range is over 0.15 and not over 0.25 %,
and the maximum of the specified manganese range is not over
0.90 %. This material is ordered to chemical composition.

1.2 This specification is not applicable to the steels covered
in Specifications A 366/A 366M, A 611, A 109, and A 109M.

2. Referenced Documents

2.1 ASTM Standards:
A 109 Specification for Steel, Strip, Carbon, Cold-Rolled2

A 109M Specification for Steel, Strip, Carbon, Cold-Rolled
[Metric]2

A 366/A 366M Specification for Commercial Steel (CS),
Sheet, Carbon, (0.15 % Maximum), Cold-Rolled2

A 568/A 568M Specification for Steel, Sheet, Carbon, and
High-Strength, Low-Alloy, Hot-Rolled and Cold-Rolled,
General Requirements for2

A 611 Specification for Structural Steel (SS), Sheet, Car-
bon, Cold-Rolled2

A 749/A 749M Specification for General Requirements for
Steel, Carbon and High-Strength, Low-Alloy, Hot-Rolled
Strip2

E 527 Practice for Numbering Metals and Alloys (UNS)3

2.2 Society of Automotive Engineers Standard:4

J 1086 Numbering Metals and Alloys

3. Ordering Information

3.1 It is the purchaser’s responsibility to specify in the
purchase order all ordering information necessary to purchase

the needed material. Examples of such information, include but
are not limited to, the following:

3.1.1 ASTM specification number and year of issue,
3.1.2 Name of material (cold-rolled commercial steel (CS)

sheet),
3.1.3 Grade designation or chemical composition or both,
3.1.4 Copper-bearing steel (if required),
3.1.5 Finish; indicate unexposed with matte (dull) finish, or

exposed with either matte (dull), commercial bright or luster
finish, as required,

3.1.6 Specify oiled or not oiled, as required,
3.1.7 Dimensions (thickness, width, and whether cut lengths

or coils),
3.1.7.1 As agreed upon between the purchaser and the

producer, material ordered to this specification will be supplied
to meet the appropriate standard or restricted thickness toler-
ance table shown in Specification A 568/A 568M.

NOTE 1—Not all producers are capable of meeting all the limitations of
the thickness tolerance tables in Specification A 568/A 568M. The pur-
chaser should contact the producer regarding possible limitations prior to
placing an order.

3.1.8 Coil size (must include inside diameter, outside diam-
eter, and maximum mass),

3.1.9 Quantity,
3.1.10 Application (show part identification and descrip-

tion),
3.1.11 Special requirements (if required), and
3.1.12 Cast or heat analysis report (request, if required).

NOTE 2—A typical ordering description is as follows: ASTM A 794-
XX, Cold-Rolled Commercial Steel (CS), Grade 1018, Exposed, Matte
Finish, Oiled, 0.030 by 36 by 96 in., 100 000 lb., for Part No. 5226 Steel
Shelving.

4. Manufacture

4.1 Condition—The material shall be furnished in the an-
nealed and temper-rolled condition but may be supplied full
hard if specified.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved November 10, 2002. Published January 2003. Origi-
nally approved in 1982. Last previous edition approved in 1997 as A 794 – 97.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.01.
4 Available from Society of Automotive Engineers (SAE), 400 Commonwealth

Dr., Warrendale, PA 15096.

1
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5. Chemical Composition

5.1 The cast or heat (formerly ladle) analysis of the steel
shall conform to the chemical requirements shown in Table 1,
or chemical compositions can be specified from carbon 0.16 %
maximum to 0.25 % maximum, inclusive, and manganese
0.90 % maximum, inclusive, which conforms to the ranges and
limits in Appendix X1 of Specifications A 568/A 568M.

5.1.1 Unspecified elements may be present. Limits on ele-
ments shall be as stated in Table 2.

5.1.1.1 Each of the elements listed in Table 2 shall be
included in the report of the heat analysis. When the amount of
copper, nickel, chromium, or molybdenum is less than 0.02 %,
the analysis may be reported as <0.02 %. When the amount of
vanadium or columbium is less than 0.008 %, the analysis may
be reported as <0.008 %.

5.2 Where material is used for fabrication by welding, care
must be exercised in selection of the chemical composition to
assure compatibility with the welding process and its effects on
altering the properties of the steel.

6. Bending Properties

6.1 The minimum forming radius (radii) which steel cov-
ered by this specification can be expected to sustain is listed in
the appendix and is discussed in more detail in Specifications

A 568/A 568M and A 749/A 749M. When tighter bend radii
are required, or curved or offset bends are involved, or when
stretching or drawing are also a consideration, the producers
shall be consulted.

7. General Requirements for Delivery

7.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification A 568/A 568M, unless otherwise provided
herein.

8. Certification and Reports

8.1 When requested, the producer shall furnish copies of a
report showing test results of the cast or heat analysis. The
report shall include the purchase order number, ASTM desig-
nation number, and the cast or heat number representing the
material.

9. Keywords

9.1 carbon steel sheet; carbon steel strip; cold rolled steel
sheet; cold rolled steel strip; steel sheet; steel strip

TABLE 1 Typical Grade Designations and Chemical
Compositions A

UNS
Desig-
nationB

Grade
Desig-
nation

Carbon, % Mn, % P, Max, % S, Max, %

G10150 1015 0.12–0.18 0.30–0.60 0.030 0.035
G10160 1016 0.12–0.18 0.60–0.90 0.030 0.035
G10170 1017 0.14–0.20 0.30–0.60 0.030 0.035
G10180 1018 0.14–0.20 0.60–0.90 0.030 0.035
G10200 1020 0.17–0.23 0.30–0.60 0.030 0.035
G10210 1021 0.17–0.23 0.60–0.90 0.030 0.035
G10230 1023 0.19–0.25 0.30–0.60 0.030 0.035

A Copper, when specified, shall have a minimum content of 0.20 % by cast or
heat analysis.

B Designation established in accordance with Practice E 527 and SAE J 1086.

TABLE 2 Limits on Additional Elements (see 5.1.1).

Copper,max %A

Nickel, max %A

Chromium, max %AB

Molybdenum, max %AB

Vanadium, max %

Columbium, max %

Heat analysis
Product analysis
Heat analysis
Product analysis
Heat analysis
Product analysis
Heat analysis
Product analysis
Heat analysis
Product analysis
Heat analysis
Product analysis

0.20
0.23
0.20
0.23
0.15
0.19
0.06
0.07
0.008
0.018
0.008
0.018

A The sum of copper, nickel, chromium, and molybdenum shall not exceed
0.50 % on heat analysis. When one or more of these elements are specified, the
sum does not apply; in which case, only the individual limits on the remaining
unspecified elements will apply.

B The sum of chromium and molybdenum shall not exceed 0.16 % on heat
analysis. When one or more of these elements are specified, the sum does not
apply; in which case, only the individual limits on the remaining unspecified
elements will apply.
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APPENDIX

(Nonmandatory Information)

X1. BENDING PROPERTIES

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 Minimum Inside Radii for Cold Bending A

NOTE 1—(t) equals a radius equivalent to the steel thickness.
NOTE 2—The suggested radii should be used as minimums for 90°

bends in actual shop practice.

Maximum of Specified
Manganese Range, %

Minimum Inside Radius
for Cold Bending

To 0.60 incl.
Over 0.60 to 0.90 incl.

11⁄2 t
2 t

A Material that does not perform satisfactorily, when fabricated in accordance
with the above requirements, may be subject to rejection pending negotiation with
the steel supplier.
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Designation: A 805 – 93 (Reapproved 2002)

Standard Specification for
Steel, Flat Wire, Carbon, Cold-Rolled 1

This standard is issued under the fixed designation A 805; 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 carbon steel flat wire in coils
or cut lengths. Flat wire is classified as a cold-rolled section,
rectangular in shape, 0.500 in. [12.7 mm] or less in width and
under 0.250 in. [6.35 mm] in thickness.

1.2 Low-carbon steel flat wire is produced from steel
compositions with a maximum carbon content of 0.25 % by
cast or heat analysis.

1.3 Carbon spring steel flat wire is produced to a carbon
range in which the specified or required maximum is over
0.25 % by cast or heat analysis.

1.3.1 Two types of carbon spring steel flat wire are pro-
duced:

1.3.1.1 Untempered cold-rolled carbon spring steel flat
wire, produced to several desirable combinations of properties
and

1.3.1.2 Hardened and tempered carbon spring steel wire.
1.4 Definite application flat wire is a product developed for

a specific application and may be specified only by size and
descriptive name.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 510 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel2

A 751 Test Methods, Practices and Terminology for Chemi-
cal Analysis of Steel Products2

E 45 Practice for Determining the Inclusion Content of
Steel3

E 112 Test Methods for Determining Average Grain Size3

E 140 Hardness Conversion Tables for Metals3

2.2 Military Standards:

MIL-STD-129 Marking for Shipment and Storage4

MIL-STD-163 Steel Mill Products, Preparation for Ship-
ment and Storage4

2.3 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)4

2.4 SAE Standard:
Recommended Practice SAE J 419 Methods of Measuring

Decarburization5

3. Terminology

3.1 Definitions of Terms Specific to This Standard:Descrip-
tions of Terms Specific to This Standard:

3.1.1 annealing—the process of heating to and holding at a
suitable temperature and then cooling at a suitable rate, for
such purposes as reducing hardness, facilitating cold working,
producing a desired microstructure, or obtaining desired me-
chanical, physical, or other properties.

3.1.2 batch annealing—annealing that is generally per-
formed in large cylindrical bell type or large rectangular box or
car-type furnaces. The product is protected from scaling and
decarburization by the use of a controlled atmosphere that
envelops the charge in an inner chamber sealed to prevent the
influx of air or products of combustion. The coils
or bundles are heated to a temperature in the vicinity of the
lower critical temperature for the grade of steel, and held at that
temperature for a definite length of time; after which the steel
is allowed to cool slowly to room temperature. The time of
holding at the annealing temperature varies with the grade of
the steel and the desired degree of softness.

3.1.3 continuous or strand annealing—annealing that con-
sists of passing a number of individual strands of flat wire
continuously through either a muffle furnace or a bath of
molten lead or salt, thus heating the flat wire to the desired
temperature for a definite time. The hardness obtained by this
type of annealing, as measured by Rockwell hardness number,
is normally somewhat higher than is secured by batch-type
annealing. Other characteristics peculiar to strand–annealed
steel require this type of annealing for some flat wire products.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.19 on Sheet Steel and Strip.

Current edition approved November 10, 2002. Published January 2003. Origi-
nally approved in 1982. Last previous edition approved in 1998 as A 805 – 93
(1998).

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 03.01.

4 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS

5 Available from Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096.
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3.1.4 salt annealing—annealing that is accomplished by
immersing bundles or coils of flat wire in a molten salt bath at
a desired temperature for a definite time. Following the
annealing, the coils are permitted to cool slowly, after which
they are immersed in hot water to remove any adhering salts.

3.1.5 spheroidize annealing—an operation consisting of
prolonged heating and prolonged cooling cycles to produce a
globular or spheroidal condition of the carbide for maximum
softness.

3.1.6 cold reduction—the process of reducing the thickness
of the strip at room temperature. The amount of reduction is
greater than that used in skin-rolling (see section 3.3).

3.1.7 finish—the degree of smoothness or lustre of the flat
wire. The production of specific finishes requires special
preparation and control of the roll surfaces employed.

3.1.8 hardening and tempering—a heat treatment for steel
over 0.25 % carbon by cast or heat analysis involving continu-
ous strand heating at finish size to an appropriate temperature
above the critical temperature range, followed by quenching in
oil and finally passing the strands through a tempering bath.
This heat treatment is used in the production of such commodi-
ties as oil–tempered spring wire for use in certain types of
mechanical springs that are not subjected to a final heat
treatment after forming. Oil-tempered wire is intended prima-
rily for the manufacture of products that are required to
withstand high stresses. The mechanical properties and resil-
iency of oil-tempered wire provide resistance to permanent set
under repeated and continuous stress applications.

3.1.9 patenting—a thermal treatment usually confined to
steel over 0.25 % carbon. In this process individual strands of
rods or wire are heated well above the upper critical tempera-
ture followed by comparatively rapid cooling in air, molten
salt, or molten lead. This treatment is generally employed to
prepare the material for subsequent processing.

3.1.10 skin-rolled—a term denoting a relatively light cold-
rolling operation following annealing. It serves to reduce the
tendency of the steel to flute or stretcher strain during fabrica-
tion. It is also used to impart surface finish, or affect hardness
or other mechanical properties.

3.1.11 temper—a designation by number to indicate the
hardness as a minimum, as a maximum, or as a range. The
tempers are obtained by the selection and control of chemical
composition, by amounts of cold reduction, and by thermal
treatment.

4. Ordering Information

4.1 Orders for material to this specification shall include the
following information, as necessary, to describe adequately the
desired product:

4.1.1 Quantity,
4.1.2 Name of material (flat wire identified by type),
4.1.3 Analysis or grade, if required (Section 6),
4.1.4 Temper of low carbon or type of spring steel (Sections

9, 10, and 11),
4.1.5 Edge (Section 7),
4.1.6 Finish or coating (Sections 14and 12),
4.1.7 Dimensions,
4.1.8 Coil type and size requirements (Section 17),
4.1.9 Packaging (17.1),

4.1.10 Condition (oiled or not oiled) (14.4),
4.1.11 ASTM designation and date of issue,
4.1.12 Copper-bearing steel, if required,
4.1.13 Application (part identification or description),
4.1.14 Case or heat analysis (request, if desired), and
4.1.15 Exceptions to the specification, if required.

NOTE 1—A typical ordering description is as follows: 18 000 lb
Low-Carbon Cold-Rolled Carbon Steel Flat Wire, Temper 4, Edge 4,
Finish 2, 0.125 by 0.450-in. vibrated coils, 2000 lb max, coil weight, 16
to 20 in. ID, 36 in. max OD, Face dimension 6 to 10 in., ASTM A 805
dated , for Stove Frames.

5. Materials and Manufacture

5.1 Low-carbon steel flat wire is normally produced from
rimmed, capped, or semi-killed steel. When required, killed
steel may be specified, with silicon or aluminum as the
deoxidizer.

5.2 Untempered-carbon spring steel flat wire is commonly
produced from killed steel, although semi-killed steel is some-
times used.

5.3 Hardened and tempered carbon spring steel flat wire
customarily has a carbon content over 0.60 %.

5.4 Flat wire is generally produced from hot-rolled rods or
round wire, by one or more cold-rolling operations, primarily
for the purpose of obtaining the size and section desired and for
improving surface finish, dimensional accuracy, and varying
mechanical properties. Flat wire can also be produced from
slitting hot- or cold-rolled flat steel to the desired width. The
hot-rolled slit flat steel is subsequently cold reduced. The width
to thickness ratio and the specified type of edge generally
determine the process that is necessary to produce a specific
flat-wire item.

5.5 The production of good surface quality flat wire is
dependent upon scale-free and clean wire, rod, or hot-rolled
steel prior to cold-rolling. Scale removal can be accomplished
by chemical or mechanical cleaning.

5.6 Edge rolls, machined with contour grooves, may be used
in conjunction with flat-rolling passes to produce the desired
edge shape.

5.7 Straightness in flat wire may be controlled by the use of
roll straighteners alone or in conjunction with cold-rolling
passes.

5.8 Edges of flat wire produced by slitting wider flat-rolled
steel can be dressed, depending upon requirements by:

5.8.1 Deburring—A process by which burrs are removed by
rolling or filing to obtain an approximate square edge;

5.8.2 Rolling—A process by which the slit edge is dressed
by edge rolling to the desired contour; and

5.8.3 Filing—A process by which the slit edge is filed to a
specific contour and dimension by passing one or more times
against a series of files mounted at various angles.

6. Chemical Composition

6.1 Limits:
6.1.1 When carbon steel flat wire is specified to chemical

composition, the compositions are commonly prepared using
the ranges and limits shown in Table 1. The elements compris-
ing the desired chemical composition are specified in one of
three ways:
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6.1.1.1 By a maximum limit,Tables 2-5
6.1.1.2 By a minimum limit, or
6.1.1.3 By minimum and maximum limits, termed the

“range.” By common usage, the range is the arithmetical
difference between the two limits (for example, 0.60 to 0.71 is
0.11 range).

6.1.2 When carbon steel flat wire is produced from round
rods or wire it may be designated by grade number. In such

cases the chemical ranges and limits of Table 6, Table 7, Table
8, and Table 9 of Specification A 510 shall apply.

6.2 Cast or Heat Analysis:
6.2.1 An analysis of each cast or heat of steel shall be made

by the manufacturer to determine the percentage of elements
specified or restricted by the applicable specification.

6.2.2 When requested, cast or heat analysis for elements
listed or required shall be reported to the purchaser or his
representative.

6.3 Product Analysismay be made by the purchaser on the
finished material.

6.3.1 Capped or rimmed steels are not technologically
suited to product analysis due to the nonuniform character of
their chemical composition and, therefore, the tolerances in
Table 2 do not apply. Product analysis is appropriate on these
types of steel only when misapplication is apparent, or for
copper when copper steel is specified.

6.3.2 For steels other than rimmed or capped, when product
analysis is made by the purchaser, the chemical analysis shall
not vary from the limits specified by more than the amounts in
Table 2. The several determinations of any element shall not
vary both above and below the specified range.

6.3.3 When flat wire is produced from round rods or wire,
and when a grade number is used to specify the chemical
composition, the values obtained on a product analysis shall
not vary from the limits specified by more than the amounts in
Table 10 of Specification A 510.

6.4 For referee purposes, if required, Test Methods, Prac-
tices and Terminology A 751 shall be used.

7. Edge

7.1 The desired edge shall be specified as follows:
7.1.1 Number 1 Edgeis a prepared edge of a specified

contour (round or square) which is produced when a very
accurate width is required or when the finish of the edge
suitable for electroplating is required, or both.

7.1.2 Number 2 Edgeis not applicable to flat wire products.
7.1.3 Number 3 Edgeis an approximately square edge

produced by slitting.
7.1.4 Number 4 Edgeis a rounded edge produced either by

edge rolling or resulting from the flat rolling of a round section.
Width tolerance and edge condition are not as exacting as for
a No. 1 Edge.

7.1.5 Number 5 Edgeis an approximately square edge
produced from slit–edge material on which the burr is elimi-
nated by rolling or filing.

7.1.6 Number 6 Edgeis a square edge produced by edge
rolling when the width tolerance and edge condition are not as
exacting as for No. 1 Edge.

TABLE 1 Cast or Heat Analysis

Element

Standard Chemical Ranges and Limits, %

When Maximum of Specified
Element is

Range

CarbonA

to 0.15 incl 0.05
over 0.15 to 0.30 incl 0.06
over 0.30 to 0.40 incl 0.07
over 0.40 to 0.60 incl 0.08
over 0.60 to 0.80 incl 0.11
over 0.80 to 1.35 incl 0.14

Manganese
to 0.50 incl 0.20

over 0.50 to 1.15 incl 0.30
over 1.15 to 1.65 incl 0.35

PhosphorusB

to 0.08 incl 0.03
over 0.08 to 0.15 incl 0.05

SulfurB

to 0.08 incl 0.03
over 0.08 to 0.15 incl 0.05
over 0.15 to 0.23 incl 0.07
over 0.23 to 0.33 incl 0.10

SiliconC

to 0.15 incl 0.08
over 0.15 to 0.30 incl 0.15
over 0.30 to 0.60 incl 0.30

Copper
When copper is required 0.20 mini-

mum is commonly specified.
. . .

A Carbon—The carbon ranges shown in the column headed “Range’’ apply
when the specified maximum limit for manganese does not exceed 1.00 %. When
the maximum manganese limit exceeds 1.00 %, add 0.01 to the carbon ranges
shown above.

B Phosphorus and Sulfur—The standard lowest maximum limits for phosphorus
and sulfur are 0.030 % and 0.035 % respectively. Certain qualities, descriptions, or
specifications are furnished to lower standard maximum limits.

C Silicon—The standard lowest maximum for silicon is 0.10 %.

TABLE 2 Tolerances for Product Analysis A

Element
Limit, or Maxi-
mum of Speci-

fied Element, %

Tolerance, %

Under
Minimum

Limit

Over Maxi-
mum Limit

Carbon to 0.15 incl 0.02 0.03
over 0.15 to 0.40 incl 0.03 0.04
over 0.40 to 0.80 incl 0.03 0.05

over 0.80 0.03 0.06
Manganese to 0.60 incl 0.03 0.03

over 0.60 to 1.15 incl 0.04 0.04
over 1.15 to 1.65 incl 0.05 0.05

Phosphorus . . . . . . 0.01
Sulfur . . . . . . 0.01
Silicon to 0.30 incl 0.02 0.03

over 0.30 to 0.60 incl 0.05 0.05
Copper . . . 0.02 . . .

A When produced from round wire or rod the producer may use the tolerances
for product analysis that appear in Specification A 510 (see 6.3.3).

TABLE 3 Thickness Tolerances

Specified Thickness in. [mm]
Tolerances for Speci-
fied Thickness, Plus
and Minus, in. [mm]

0.005 [0.13] to 0.010 [0.25], excl 0.0005 [0.013]
0.010 [0.25] to 0.029 [0.74], excl 0.001 [0.03]
0.029 [0.74] to 0.0625 [1.59], excl 0.0015 [0.04]
0.0625 [1.59] to 0.250 [6.35], excl 0.002 [0.05]
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8. Dimensional Tolerances

8.1 The dimensional tolerances shall be in accordance with
the following:

Tolerances Table Number

Thickness 3
Width 4
Length 5

8.2 If restricted tolerances closer than those shown in Table
3, Table 4, and Table 5 are required, the degree of restriction
should be established between the purchaser and manufacturer.

8.3 Tolerances for camber should be established between
the purchaser and manufacturer. Camber is the greatest devia-
tion of a side edge from a straight line, the measurement being
taken on the concave side with a straight edge.

9. Temper and Bend Test Requirement for Low-Carbon
Steel Flat Wire

9.1 Low-carbon steel flat wire specified to temper numbers
shall approximate the hardness or tensile strength values shown
in Table 6.

9.2 Bend test specimens shall stand being bent at room
temperatures as required in Table 7.

9.3 All mechanical tests are to be conducted in accordance
with Test Methods and Definitions A 370.

10. Types of Untempered-Carbon Spring Steel Flat Wire

10.1 The following types are produced:
10.1.1 Hard-Type Carbon Spring Steel Flat Wireis a very

stiff, springy product intended for flat work not requiring
ability to withstand cold forming. It is cold reduced with or
without preparatory treatment to a minimum Rockwell value of
B 98.

10.1.2 Soft-Type Spring Steel Flat Wireis intended for
application where varying degrees of cold forming are encoun-
tered, that necessitates control of both carbon content and
hardness. Maximum values for carbon vary from 0.25 to
1.35 %, inclusive. This type also involves one of the following

hardness restrictions; a maximum only designated as “soft-type
annealed” or a range only designated as “soft-type intermediate
hardness.”

10.1.2.1Soft-Type Annealed Carbon Spring Steel Flat Wire,
intended for moderately severe cold forming, is produced to a
specific maximum hardness value. The final anneal is at the
finish thickness. Lowest maximum expected hardness values or
tensile strength for specific carbon maximums for steel to
0.90 % maximum manganese are shown in Table 8.

10.1.2.2Soft-Type Intermediate Carbon Spring Steel Flat
Wire is produced to a specified hardness range, somewhat
higher than the category covered in 10.1.2.1. The product is
produced by rolling after annealing or by varying the annealing
treatment, or both.

10.1.2.3 The Rockwell hardness range which can be pro-
duced varies with the carbon content, the required hardness,
and the thickness of the material. In Table 9, Table 10, and
Table 11 are shown the applicable hardness ranges for various
carbon contents and several thickness ranges. If hardness
values other than those shown in the tables are required, the
applicable ranges should be agreed upon between the purchaser
and the manufacturer. Rockwell hardness range is the arith-
metical difference between two limits (for example B 82 to
B 90 is an eight–point range).

10.1.3 Spheroidize-Type Carbon Spring Steel Flat Wireis
best suited for the severest cold-forming application, where
heat treatment after forming is employed. Spheroidize anneal-
ing treatment is employed in its production. Lowest maximum
expected hardness values by carbon maximums for steel to
0.90 % maximum manganese are shown in Table 12. For
thicknesses under 0.025 in. [0.64 mm] the values for the
“Soft-Type Annealed” as contained in Table 8 shall apply.

11. Hardness and Tensile Properties of Hardened and
Tempered Carbon Spring Steel Flat Wire

11.1 This product is commonly produced to meet a range of
Rockwell hardness as shown in Table 13.

11.2 The hardness scale appropriate to each thickness range
is shown in Table 14. Although conversion tables for hardness
numbers are available, the recommended practice is to specify
the same scale as that to be used in testing. A Rockwell
hardness range is the arithmetic difference between two limits
(for example C 42to C 46 is a four-point range). Below a
thickness of 0.008 in. [0.20 mm] the Rockwell 15N test
becomes inaccurate, and the use of the tensile test is recom-
mended. The values of ultimate tensile strength cited in Fig. 1
apply only to thicknesses less than 0.008 in. [0.20 mm]. When

TABLE 4 Tolerances (Plus and Minus) for Specified Width

Edge Number Specified Width, in. [mm]

Specified Thickness, in. [mm]

Under 0.0625 [1.60]
0.0625 [1.59] to
0.126 [3.20] excl

0.126 [3.20] to 0.250
[6.35] excl

1 Under 0.0625 [1.60]
0.0625 [1.60] to 0.126 [3.20] excl
0.126 [3.20] to 0.500 [12.70] incl

0.003 [0.08]
0.004 [0.10]
0.005 [0.13]

. . .
0.004 [0.10]
0.005 [0.13]

. . .

. . .
0.005 [0.13]

4 and 6 Under 0.0625 [1.60]
0.0625 [1.60] to 0.126 [3.20] excl
0.126 [3.20] to 0.500 [12.70] incl

0.006 [0.15]
0.008 [0.20]
0.010 [0.25]

. . .
0.008 [0.20]
0.010 [0.25]

. . .

. . .
0.010 [0.25]

3 and 5 0.125 [3.18] to 0.500 [12.70] incl 0.005 [0.13] 0.008 [0.02] . . .

TABLE 5 Length Tolerances

Specified Length, in. [mm]
Tolerances Over the
Specified Length in.

[mm]—No Tolerance Under

24 [600] to 60 [1500], incl 1 / 4 [6.4]
Over 60 [1500] to 120 [3000], incl 1 / 2 [12.7]
Over 120 [3000] to 240 [6100], incl 3 / 4 [19.1]
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necessary to specify tensile properties for thicknesses of 0.008
in. [0.20 mm] and greater, the manufacturer should be con-
sulted.

11.3 Shown in Fig. 1 is the relationship of thickness and
carbon content with Rockwell hardness or tensile strength for
hardened and tempered spring steel flat wire appropriate for
spring applications. When mechanical properties are specified,
they should be compatible with the application.

12. Coatings

12.1 Low-carbon steel flat wire can be produced with
various coatings, such as liquor finish, white-liquor finish,
lacquer, paint, copper, zinc (galvanized), cadmium, chromium,
nickel, and tin. Metallic coatings can be applied by the hot-dip
method or by electrodeposition. The flat steel can be coated
prior to slitting to wire widths. In this case the slit edges will
not be coated.

12.1.1 Copper or liquor coatings consist of thin deposits of
either copper or bronze produced by immersion of the material
in an acid solution of metallic salts. Because of the nature of
liquor coatings no appreciable corrosion protection is afforded
by them.

12.1.2 Hot-dipped coatings are produced by passing strands
of cleaned flat wire continuously through a molten bath of
metal or alloy. Zinc and tin are commonly applied in this
manner.

12.1.3 Electrodeposited coatings are produced by passing
strands of cleaned flat wire through an electroplating tank
containing a solution of a metallic salt, wherein the metal is
deposited on the flat wire. Zinc, tin, nickel, cadmium, and
copper are applied in this manner.

12.2 Coatings applicable to untempered-carbon spring steel
flat wire are the same as those covered in 14.1.

12.3 Metallic coatings are seldom applied to hardened and
tempered carbon steel flat wire. If they are required the
manufacturer should be consulted.

13. Workmanship

13.1 Cut lengths shall have a workmanlike appearance and
shall not have defects of a nature or degree for the product, the
grade, and the quality ordered that will be detrimental to the
fabrication of the finished part.

13.2 Coils may contain more frequent imperfections that
render a portion of the coil unusable since the inspection of
coils does not afford the manufacturer the same opportunity to
remove portions containing imperfections as in the case with
cut lengths.

14. Finish and Condition

14.1 The finish of low-carbon steel flat wire normally
specified is one of the following:

14.1.1 Number 2 or Regular Bright Finishis produced by
rolling on rolls having a moderately smooth finish. It is not
generally applicable to plating.

14.1.2 Number 3 or Best Bright Finishis generally of high
lustre produced by selective-rolling practices, including the use
of specially prepared rolls. Number 3 finish is the highest

TABLE 6 Temper, Hardness and Tensile Strength Requirement for Low-Carbon Steel Flat Wire

Temper Thickness, in. [mm]

Rockwell Hardness Approximate Tensile Strength,
ksi [MPa]

min
max (approx-

imate
min max

No. 1 (hard) Under 0.010 [0.25] 85 [586] . . .
0.010 [0.25] to 0.025 [0.64] excl 15T90 . . .
0.025 [0.64] to 0.040 [1.02] excl 30T76 . . .
0.040 [1.02] to 0.070 [1.78] excl B90 . . .

0.070 [1.78] and over B84 . . .
No. 2 (half-hard) Under 0.010 [0.25]

0.010 [0.25] to 0.025 [0.64] excl
0.025 [0.64] to 0.040 [1.02] excl

0.040 [1.02] and over

15T83.5
30T63.5

B70

15T88
30T74
B85

65 [448] 90 [621]

No. 3 (quarter-hard) Under 0.010 [0.25]
0.010 [0.25] to 0.025 [0.64] excl
0.025 [0.64] to 0.040 [1.02] excl

0.040 [1.02] and over

15T80
30T56.5

B60

15T85
30T67
B75

55 [379] 80 [552]

No. 4 (skin-rolled) Under 0.010 [0.25]
0.010 [0.25] to 0.025 [0.64] excl
0.025 [0.64] to 0.040 [1.02] excl

0.040 [1.02] and over

. . .

. . .

. . .

15T82
30T60
B65

. . . 65 [448]

No. 5 (dead-soft) Under 0.010 [0.25]
0.010 [0.25] to 0.025 [0.64] excl
0.025 [0.64] to 0.040 [1.02] excl

0.040 [1.02] and over

. . .

. . .

. . .

15T78.5
30T53
B55

. . . 60 [414]

TABLE 7 Temper and Bend Test Requirement for Low-Carbon
Steel Flat Wire

Temper Bend Test Requirement

No. 1 (hard) Not required to make bends in any direction.
No. 2 (half-hard) Bend 90° acrossA the direction of rolling around a

radius equal to that of the thickness.
No. 3 (quarter-hard) Bend 180° acrossA the direction of rolling over one

thickness of the wire.
No. 4 (skin-rolled) Bend flat upon itself in any direction.
No. 5 (dead-soft) Bend flat upon itself in any direction.

A To bend “across the direction of rolling’’ means that the bend axis (crease of
the bend) shall be at a right angle to the length of the wire.
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quality finish produced and is particularly suited for electro-
plating. The production of this finish requires extreme care in
processing and extensive inspection.

14.2 Untempered-carbon spring steel flat wire is commonly
supplied in a Number 2 regular bright finish, as in 14.1.1. The
manufacturer should be consulted if another finish is required.

14.3 Hardened and tempered spring steel flat wire is usually
supplied in one of the following recognized finishes:

14.3.1 Black-tempered,
14.3.2 Scaleless-tempered,
14.3.3 Bright-tempered,
14.3.4 Tempered and polished,
14.3.5 Tempered, polished, and colored(blue or straw), and
14.4 Oiled.
14.4.1 Unless otherwise specified, flat wire is coated with

oil to minimize scratching and to retard rusting in transit. If the
product is not to be oiled, it must be so specified.

15. Inspection

15.1 When the purchaser’s order stipulates that inspection
and tests (except product analysis) for acceptance on the steel

be made prior to shipment from the mill, the manufacturer shall
afford the purchaser’s inspector all reasonable facilities to
satisfy him that the steel is being produced and furnished in
accordance with the specification. Mill inspection by the
purchaser shall not interfere unnecessarily with the manufac-
turer’s operation.

16. Rejection and Rehearing

16.1 Unless otherwise specified, any rejection shall be
reported to the manufacturer within a reasonable time after
receipt of material by the purchaser.

16.2 Material that is reported to be defective subsequent to
the acceptance at the manufacturer’s works shall be set aside,
adequately protected, and correctly identified. The manufac-
turer shall be notified as soon as possible so that an investiga-
tion may be initiated.

16.3 Samples that are representative of the rejected material
shall be made available to the manufacturer. In the event that
the manufacturer is dissatisfied with the rejection, he may
request a rehearing.

TABLE 8 Soft-Type Annealed Carbon Spring Steel Flat Wire Lowest Expected Maximum Rockwell Hardness or Tensile Strength

Maximum of Carbon
Range, %

Flat Wire Thickness, in. [mm]

Under 0.010 [0.25]
0.010 [0.25] to 0.025

[0.64] excl
0.025 [0.64] to 0.040

[1.02] excl
0.040 [1.02] and Over

Tensile Strength
ksi [MPa]

Rockwell Hardness,
15T Scale

Rockwell Hardness,
30T Scale

Rockwell Hardness,
B Scale

0.30 66 [455] 84 67 74
0.35 68 [469] 84 68 76
0.40 70 [483] 85 70 78
0.45 72 [496] 85 71 80
0.50 74 [510] 86 72 82
0.55 76 [524] 87 73 84
0.60 78 [538] 87 74 85
0.65 80 [552] 88 75 87
0.70 82 [565] 88 76 88
0.75 83 [572] 88 76 89
0.80 85 [586] 89 77 90
0.85 87 [600] 89 77 91
0.90 88 [607] 89 78 92

0.95 and over 90 [621] 90 78 92

TABLE 9 Rockwell Hardness Ranges for Soft-Type Intermediate Hardness Carbon Spring Steel Flat Wire Thickness Under 0.025 in.
[0.64 mm]

Maximum of
Carbon Range,

%

For Maximum of Specified Rockwell Hardness Range, 15T Scale

83.5 84.5 85 85.5 86 86.5 87 87.5 88 88.5 89 89.5 90/92 Over 92A

0.26–0.30B . . . 5 5 5 5 5 4 4 4 4 4 4 3 . . .
0.31–0.35B . . . . . . 5 5 5 5 4 4 4 4 4 4 3 . . .
0.36–0.40B . . . . . . . . . 5 5 5 4 4 4 4 4 4 3 . . .
0.41–0.45B . . . . . . . . . . . . 5 5 4 4 4 4 4 4 3 . . .
0.46–0.50B . . . . . . . . . . . . . . . 5 4 4 4 4 4 4 3 3
0.51–0.55B . . . . . . . . . . . . . . . . . . 4 4 4 4 4 4 3 3
0.56–0.60B . . . . . . . . . . . . . . . . . . . . . 4 4 4 4 4 3 3
0.61–0.65B . . . . . . . . . . . . . . . . . . . . . . . . 4 4 4 4 3 3
0.66–0.70B . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4 4 3 3
0.71–0.75B . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4 4 3 3
0.76–0.80B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4 3 3
0.81–0.90B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 3 3
0.91–1.35 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3

A Rockwell 15T Scale is not recommended for values over 15T93.
B Indicates soft-type annealed cold-rolled carbon spring steel flat wire which is furnished to a maximum (hardness) shown in Table 8.
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17. Packaging and Package Marking

17.1 Flat wire is prepared for shipment in a number of ways.
The material may be bare, paper or burlap wrapped, boxed,
skidded or palletized, skidded and shrouded, palletized and
shrouded, barrelled, or a combination thereof. The purchaser
should specify the method desired.

17.2 When specified in the contract or order, and for direct
procurement by or direct shipment to the government, when
Level A is specified, preservation, packaging, and packing shall
be in accordance with Level A requirements of MIL-STD-163.

17.3 When coils are ordered it should be specified whether
a ribbon or tape wound or a vibrated coil is desired. Since coil
diameters and weights vary by the manufacturers, the manu-
facturer should be consulted for specific capability and limita-
tions. When coil weight is specified for low-carbon steel flat
wire or for untempered-carbon spring steel flat wire, it is
common practice to ship not more than 10 % of the total
weight of an item in short coils, which are those weighing
between 25 and 75 % of the maximum coil weight.

17.4 For flat wire in cut lengths, when the specified length
is over 36 in. [915 mm], it is permissible to ship up to 10 % of

TABLE 10 Rockwell Hardness Ranges for Soft-Type Intermediate Hardness Carbon Spring Steel Flat Wire Thickness 0.025 to 0.040 in.
[0.64 to 1.02 mm] excl

Maximum of
Carbon

Range, %

For Maximum of Specified Rockwell Hardness Range, 30T Scale

66.5 68 69.5 70.5 71.5 72.5 73.5 74.5 75.5 76 76.5 77.5 78 78.5/
80.5

Over
80.5A

Rockwell Hardness Range

0.26–0.30B . . . 8 8 6 6 6 6 6 6 5 5 5 5 4 . . .
0.31–0.35B . . . . . . 8 6 6 6 6 6 6 5 5 5 5 4 . . .
0.36–0.40B . . . . . . . . . 6 6 6 6 6 6 5 5 5 5 4 . . .
0.41–0.45B . . . . . . . . . . . . 6 6 6 6 6 5 5 5 5 4 . . .
0.46–0.50B . . . . . . . . . . . . . . . 6 6 6 6 5 5 5 5 4 4
0.51–0.55B . . . . . . . . . . . . . . . . . . 6 6 6 5 5 5 5 4 4
0.56–0.60B . . . . . . . . . . . . . . . . . . . . . 6 6 5 5 5 5 4 4
0.61–0.65B . . . . . . . . . . . . . . . . . . . . . . . . 6 5 5 5 5 4 4
0.66–0.70B . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 5 4 4
0.71–0.75B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 4 4
0.76–0.80B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 4 4
0.81–0.90B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 4 4
0.91–1.35B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4

A Rockwell 30T Scale is not recommended for values over 30T83.
B Indicates soft-type annealed cold-rolled carbon spring steel flat wire which is furnished to a maximum hardness as shown in Table 8.

TABLE 11 Rockwell Hardness Ranges for Soft-Type Intermediate Hardness Carbon Spring Steel Flat Wire Thickness 0.040 in. [1.02
mm] and Over

Maximum of
Carbon

Range, %

For Maximum of Specified Rockwell Hardness Range, B Scale

74 76 78 80 82 83.5 85 86.5 88 89 90 91 92 93/97 Over 97A

0.26–0.30B . . . 12 12 10 10 10 10 10 10 8 8 8 8 6 . . .
0.31–0.35B . . . . . . 12 10 10 10 10 10 10 8 8 8 8 6 . . .
0.36–0.40B . . . . . . . . . 10 10 10 10 10 10 8 8 8 8 6 . . .
0.41–0.45B . . . . . . . . . . . . 10 10 10 10 10 8 8 8 8 6 . . .
0.46–0.50B . . . . . . . . . . . . . . . 10 10 10 10 8 8 8 8 6 . . .
0.51–0.55B . . . . . . . . . . . . . . . . . . 10 10 10 8 8 8 8 6 . . .
0.56–0.60B . . . . . . . . . . . . . . . . . . . . . 10 10 8 8 8 8 6 . . .
0.61–0.65B . . . . . . . . . . . . . . . . . . . . . . . . 10 8 8 8 8 6 5
0.66–0.70B . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 8 8 8 6 5
0.71–0.75B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 8 8 6 5
0.76–0.80B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 8 6 5
0.81–0.90B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 6 5
0.91–1.35B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 5

A Rockwell B Scale is not recommended for values over B 100.
B Indicates soft-type annealed cold-rolled carbon spring steel flat wire which is furnished to a maximum hardness as shown in Table 8.

TABLE 12 Spheroidize Type Carbon Spring Steel Flat Wire
Lowest Expected Maximum Rockwell Hardness

Maximum of Car-
bon Range, %

Flat Wire Thickness, in. [mm]

0.025 [0.64] to 0.040
[1.02] excl

0.040 [1.02] and Over

Rockwell Hard-
ness, 30T Scale

Rockwell Hard-
ness, B Scale

0.30 63 68
0.35 65 70
0.40 66 72
0.45 67 74
0.50 68 77
0.55 69 78
0.60 70 80
0.65 71 82
0.70 72 83
0.75 73 84
0.80 73 86
0.85 74 87
0.90 75 87

0.95 and over 75 88
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the item in short lengths, but not shorter than 36 in. [915 mm],
unless otherwise agreed upon.

17.5 As a minimum requirement, the material shall be
identified by having the manufacturer’s name, ASTM designa-
tion, weight, purchaser’s order number, and material identifi-
cation legibly stenciled on top of each lift or shown on a tag
attached to each coil or shipping unit.

17.6 When specified in the contract or order, and for direct
procurement by or direct shipment to the government, marking
for shipment, in addition to requirements specified in the
contract or order, shall be in accordance with MIL-STD-129
for military agencies and in accordance with Fed. Std. No. 123
for civil agencies.

TABLE 13 Hardened- and Tempered-Carbon Spring Steel Flat Wire Rockwell Hardness Ranges

NOTE 1— A Rockwell hardness range is the arithmetic difference between two limits (for example, C 42 to C 46 is a four-point range). It is customary
to specify Rockwell range requirements within the above ranges for each grade of hardened and tempered carbon spring steel flat wire in accordance with
the following:

Rockwell Hardness Scale Specified Range
C Any 4 points

30N Any 4 points
15N Any 3 points

Thickness in. [mm]
Rockwell

Scale

Maximum of Carbon Range, %

0.75 0.80 0.85 0.90 0.95 1.00 1.05

Rockwell Hardness Ranges

Over 0.005 [0.13] to 0.015 [0.38], incl 15N 78–84 80.5–84.5 81–85 81.5–85.5 82–86 82.5–86.5 83–87
Over 0.015 [0.38] to 0.035 [0.89], incl 30N 57–68 62–69 63–70 64–71 64.5–71.5 65–72 66–73
Over 0.035 [0.89] to 0.055 [1.40], incl C 37–49 42–50 43–51 44–52 45–53 46–54 47–55
Over 0.055 [1.40] to 0.070 [1.78], incl C 36–48 41–49 42–50 43–51 44–52 45–53 46–54
Over 0.070 [1.78] to 0.085 [2.16], incl C 35–47 40–48 41–49 42–50 43–51 44–52 45–53
Over 0.085 [2.16] to 0.100 [2.54], incl C 34–46 39–47 40–48 41–49 42–50 43–51 44–52
Over 0.100 [2.54] to 0.115 [2.92], incl C 33–45 38–46 39–47 40–48 41–49 42–50 43–51
Over 0.115 [2.92] to 0.125 [3.17], incl C 32–44 37–45 38–46 39–47 40–48 41–49 42–50

TABLE 14 Rockwell Hardness Scales for Various Thicknesses (A Guide for Selection of Scales Using the Diamond Penetrator
Hardened and Tempered Cold-Rolled Carbon Spring Steel)

NOTE 1—For a given thickness, any hardness greater than that corresponding to that thickness can be tested. For a given hardness, material of any
greater thickness than that corresponding to that hardness can be tested on the indicated scale.

Rockwell Scale

Thickness,
in. [mm]

A C 15N 30N 45N

Dial Reading

Approxi-
mate

Hardness
C-ScaleA

Dial
Reading

Dial
Reading

Approxi-
mate

Hardness
C-ScaleA

Dial
Reading

Approxi-
mate

Hardness
C-ScaleA

Dial
Reading

Approxi-
mate

Hardness
C-ScaleA

0.008B [0.20] . . . . . . . . . 90 60 . . . . . . . . . . . .
0.010 [0.25] . . . . . . . . . 88 55 . . . . . . . . . . . .
0.012 [0.30] . . . . . . . . . 83 45 82 65 77 69.5
0.014 [0.36] . . . . . . . . . 76 32 78.5 61 74 67
0.016 [0.41] 86 69 . . . 68 18 74 56 72 65
0.018 [0.46] 84 65 . . . . . . . . . 66 47 68 61
0.020 [0.51] 82 61.5 . . . . . . . . . 57 37 63 57
0.022 [0.56] 79 56 69 . . . . . . 47 26 58 52.5
0.024 [0.71] 76 50 67 . . . . . . . . . . . . 51 47
0.026 [0.66] 71 41 65 . . . . . . . . . . . . 37 35
0.028 [0.71] 67 32 64 . . . . . . . . . . . . 20 20.5
0.030 [0.76] 60 19 57 . . . . . . . . . . . . . . . . . .
0.032 [0.81] . . . . . . 52 . . . . . . . . . . . . . . . . . .
0.034 [0.86] . . . . . . 45 . . . . . . . . . . . . . . . . . .
0.036 [0.91] . . . . . . 37 . . . . . . . . . . . . . . . . . .
0.038 [0.97] . . . . . . 28 . . . . . . . . . . . . . . . . . .
0.040 [1.02] . . . . . . 20 . . . . . . . . . . . . . . . . . .

A These approximate hardness numbers are for use in selecting a suitable scale, and should not be used as hardness conversions. If necessary to convert test readings
to another scale, refer to the ASTM Standard Hardness Conversion Tables E 140, for Metals (Relationship Between Brinell Hardness, Vickers Hardness, Rockwell
Hardness, and Rockwell Superficial Hardness, and Knoop Hardness).

B For thickness less than 0.008 in. [0.20 mm] use of the tension test is recommended.
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APPENDIX

(Nonmandatory Information)

X1. GENERAL INFORMATION AND METALLURGICAL ASPECTS

X1.1 Aging Phenomenon

X1.1.1 Although the maximum ductility is obtained in
low-carbon steel flat wire in its dead-soft (annealed last)
condition, such flat wire is unsuited for some forming opera-
tions due to its tendency to stretcher strain or flute. A small
amount of cold-rolling (skin-rolling) will prevent this ten-
dency, but the effect is only temporary due to a phenomenon
called aging. Aging is accompanied by a loss of ductility with
an increase in hardness, yield point and tensile strength. For
those uses in which stretcher straining, fluting, or breakage due
to aging of the steel is likely to occur, the steel should be

fabricated as promptly as possible after skin-rolling. When the
above aging characteristics are undesirable, special killed
(generally aluminum–killed) steel is used.

X1.2 Uncoiling Characteristics of Annealed or
Spheroidized Flat Wire

X1.2.1 Carbon spring steel coiled flat wire annealed or
spheroidized at finished thickness does not always possess
optimum uncoiling characteristics during subsequent forming.

NOTE 1—For thicknesses less than 0.008 in. [0.20 mm] use of the tension test is recommended.
FIG. 1 Approximate Relationship Between Thickness, Carbon Content, Rockwell Hardness, and Tensile Strength for Hardened- and

Tempered-Spring Steel Flat Wire Heat-Treated to Combinations of Mechanical Properties Appropriate for Spring Applications
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If uncoiling characteristics are important, it may be necessary
for the manufacturer to recoil such material with a concurrent
very light skin pass.

X1.3 Definite Application Flat Wire

X1.3.1 Definite application carbon steel flat wire is a
product developed for a specific application and is commonly
specified only by size and descriptive name. Frequently, the
characteristics that measure performance of the product cannot
be described in terms of test limits. Satisfactory performance is
primarily dependent upon the processing and control devel-
oped by the flat wire producer as a result of intensive intimate
studies of the purchaser’s problems in fabrication.

X1.3.2 Some examples of definite application flat wire are
given below:

X1.3.2.1 Low-Carbon Flat Wire
Stitching wire, bookbinder’s wire, shoe pattern wire, sta-

pling wire.
X1.3.2.2 Untempered-Carbon Spring Steel Flat Wire
Umbrella rib wire, metal-band saw steel.
X1.3.2.3 Hardened and Tempered Carbon Spring Steel Flat

Wire
Tape line, brush wire, heddle wire.

X1.4 Restrictive Requirements

X1.4.1 The requirements that are described below concern
characteristics of carbon steel flat wire that are adapted to the
particular conditions encountered in the fabrication or use for
which the wire is produced. The practices used to meet such
requirements necessitate appropriate control and close super-
vision. These requirements entail one or more of the practices
in the manufacture of carbon steel flat wire as follows:

X1.4.1.1 Careful selection of raw materials for melting,
which vary with each requirement;

X1.4.1.2 More exacting steelmaking practices;
X1.4.1.3 Selection of heats or portions of heats with conse-

quent higher loss than normal;
X1.4.1.4 Additional discard specified or required;
X1.4.1.5 Special supervision and inspection;
X1.4.1.6 Extensive testing;
X1.4.1.7 Test methods not commonly used for production

control; and
X1.4.1.8 Possible processing delays.
X1.4.2 As the application becomes more severe the steel

producer is more limited in applying steel for the several
requirements described below. The processing methods used to
meet these requirements vary among producers because of
differences in production facilities.

NOTE X1.1—It is customary to specify only one kind of a mechanical
test requirement on any one item.

X1.4.3 Restricted temper requirements for low-carbon steel
flat wire are sometimes specified or required and the special
properties may include restricted Rockwell ranges or restricted
tensile strength ranges.

X1.4.3.1 This type of low-carbon steel flat wire is some-
times required to produce identified parts, within properly
established allowances, combined with requirements for Rock-
well ranges: 15 points, the minimum of which is not less than

B 60; 10 points, the minimum of which is not less than 30T58;
or 5 points, the minimum of which is not less than 15T81.

X1.4.3.2 For certain applications, this type of low-carbon
steel flat wire is required to meet separate temper restrictions,
such as Rockwell ranges of less than 15 points but not less than
10 points, when the minimum of the range is not less than
B 60; Rockwell ranges of less than 10 points but not less than
7 points, when the minimum of the range is not less than
30T58; Rockwell ranges of less than 5 points but not less than
3.5 points, when the minimum of the range is not less than
15T81; or tensile strength ranges restricted to less than 25 000
psi [170 MPa].

X1.4.4 Restricted hardness requirements for carbon spring
steel flat wire are sometimes specified or required:

X1.4.4.1 For certain applications, lower Rockwell hard-
nesses than shown in Table 8 are required to meet severe
forming operations in annealed-carbon spring steel in thick-
nesses 0.025 in. [0.64 mm] and thicker. In this thickness range,
carbon spring steel flat wire must be spheroidize-annealed to
produce the lowest possible hardness. In producing
spheroidize-annealed carbon spring steel flat wire in thick-
nesses 0.025 in. [0.64 mm] and thicker, the lowest expected
maximum Rockwell hardness is shown in Table 12.

X1.4.4.2 For certain applications, in intermediate-hardness
untempered-carbon spring steel flat wire, ranges other than the
values shown in Table 9, Table 10, and Table 11 may be
required.

X1.4.4.3 For certain applications of hard-type untempered
carbon spring steel flat wire minimum Rockwell hardness
values over B 98 are required.

X1.4.4.4 For certain applications of hardened and tempered
carbon spring steel flat wire, Rockwell hardness ranges closer
than or Rockwell values higher than those shown in Table 14
are required.

X1.4.5 Heat-Treating Requirements
When heat-treating requirements must be met in the pur-

chaser’s end product, all phases of heat treatment procedure
and mechanical property requirements should be clearly speci-
fied. The specified mechanical properties should be compatible
with the nature of the steel involved and the full range of the
specified chemical composition when conventional hardening
and tempering practices are employed.

X1.4.6 Testing
The following tests are not normally made or required except

for some special applications:
X1.4.6.1 Tension Test
The measurement of tensile properties, such as tensile

strength, yield point, and elongation, is not commonly used as
a production control for untempered spring steel flat wire in
thicknesses 0.010 in. [0.25 mm] and heavier. If, however, a
purchaser finds it necessary to specify tensile strength a range
of at least 20 000 psi [140 MPa] is commonly used.

X1.4.6.2 Extensometer Test
The measurement of elastic properties such as proportional

limit, proof stress, yield strength by the offset method, etc.,
requires the use of special testing equipment and testing
procedures such as the use of an extensometer or the plotting
of a stress-strain diagram.
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X1.4.6.3 Specified Austenite Grain Sizeis determined in
accordance with Test Methods E 112. For any specified fine- or
coarse-grain size it is customary that not more than 30 % of the
grain structure be outside grain illustrations 5 to 8, inclusive, in
the case of fine grain steel, and grain illustrations 1 to 5,
inclusive, in the case of coarse grain steel. The foregoing
testing procedures involve one or more of the following:

(a) Selection and preparation of special test specimens;
(b) Additional handling and identification of product;
(c) Special testing equipment, unusual testing procedures,

or both; and
(d) Possible processing delays due to storage of product

while awaiting results of such tests.
X1.4.6.4 Decarburization
The loss of carbon at the surface of carbon steel when heated

for processing or to modify mechanical properties. Microscopi-
cal chemical and hardness test methods are used to determine

the extent of decarburization. A definition and method for
determination of decarburization is described in the Society of
Automotive Engineers Recommended Practice SAE J 419.

X1.4.6.5 Macroetch Test

This test consists of immersing a carefully prepared section
of the steel in hot acid to evaluate the soundness and homo-
geneity of the products being tested. Because there are no
recognized standards, the location and number of tests, details
of testing technique, and interpretation of test results are
established in each instance.

X1.4.6.6 Nonmetallic Inclusion Examination
(Microscopical)—The samples for the determination of the

inclusion count are taken longitudinally. The rating is based
upon Practice E 45. Because there are no recognized standards,
the area to be examined and the interpretation of test results are
established in each instance.

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: A 831/A831M – 95 (Reapproved 2000)

Standard Specification for
Austenitic and Martensitic Stainless Steel Bars, Billets, and
Forgings for Liquid Metal Cooled Reactor Core
Components 1

This standard is issued under the fixed designation A 831/A831M; 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 hot- and cold-finished austen-
itic and martensitic stainless steel bars, billets, and forgings
intended for use in manufacturing core components used at
high temperatures in liquid metal cooled nuclear reactors.

1.2 The bars, billets, and forgings are intended for machin-
ing, welding, hot- and cold-forming operations.

1.3 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.

1.4 This specification and the applicable material specifica-
tions are expressed in both inch-pound and SI units. However,
unless the order specifies the applicable “M” specification
designation (SI units), the material shall be furnished in
inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 388/A388M Practice for Ultrasonic Examination of
Heavy Steel Forgings3

A 484/A484M Specification for General Requirements for
Stainless Steel Bars, Billets, and Forgings3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

E 3 Methods of Preparation of Metallographic Specimens4

E 45 Practice for Determining the Inclusion Content of
Steel4

E 112 Test Methods for Determining Average Grain Size4

E 407 Test Methods for Microetching Metals and Alloys4

2.2 ANSI Standard:
B 46.1 Surface Texture5

2.3 ASNDT Standard:
SNT-TC-1A Recommended Practice for Nondestructive

Testing Personnel Qualifications and Certification6

2.4 ASME Standard:
NQA-1 Quality Assurance Program Requirements for

Nuclear Facilities7

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight or number of pieces).
3.1.2 Condition (cold-worked, annealed, or tempered).
3.1.3 Finish.
3.1.4 Applicable dimensions, including size, thickness,

width, and length (if forgings, include prints or sketches).
3.1.5 Form (bars, billets, etc.).
3.1.6 Grade designation.
3.1.7 ASTM designation and year of issue.
3.1.8 Marking requirements.
3.1.9 Other applicable documents (2.4).
3.1.10 Melting process (4.1).
3.1.11 Approval of procedures for conversion of ingots

(4.2).
3.1.12 Cold working requirements for austenitic grades

(4.4.3).
3.1.13 Identification requirements (4.6).
3.1.14 Chemistry requirements (5.1).
3.1.15 Product analysis tolerances (5.3).
3.1.16 Grain size limits for bar, billets, and forgings requir-

ing rework (6.1).
1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,

Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved Jan. 15, 1995. Published March 1995. Originally
published as A 831 – 84. Last previous edition A 831 – 94.

2 Annual Book of ASTM Standards,Vol 01.03.
3 Annual Book of ASTM Standards,Vol 01.05.
4 Annual Book of ASTM Standards,Vol 03.01.

5 Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036.

6 Available from American Society for Nondestructive Testing, P.O. Box 5642,
3200 Riverside Dr., Columbus, OH 43228.

7 Available from American Society of Mechanical Engineers, 345 E. 47th St.,
New York, NY 10017.
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3.1.17 Alternate inclusion limits (6.2).
3.1.18 Surface roughness limits (4.3.2).
3.1.19 Surface marring limits (4.3.3).
3.1.20 Ultrasonic test requirements (8.1).
3.1.21 Sampling levels (10.1).
3.1.22 Packaging requirements (12.1).

NOTE 1—A typical ordering description is as follows: 5000-lb [2000-
kg] stainless steel, annealed and centerless ground, round bar 11⁄2 in. [38
mm] in diameter, 10 to 12 ft. [3 to 4 m] Type 316, ASTM Specification
A 831 – xx.

4. Manufacture

4.1 Melting—Unless an alternative melting process has
been specified in Section 9, the process for austenitic grades
shall consist of a vacuum induction melt followed by a
consumable electrode vacuum-arc remelt. Additions of rare
earths during melting are prohibited unless approved by the
purchaser. The melting process for other grades shall be
specified in the order.

4.2 Ingot Processing—A procedure for conversion of ingots
shall be approved by the purchaser prior to use if specified in
the order. The parameters for the conversion of austenitic
grades shall be selected to minimize the formation of complex
carbides and carbonitrides.

4.3 Surface Requirements:
4.3.1 Surface Condition—The finished bar shall be free of

all scale, splits, laps, cracks, seams, and visible oxide.
4.3.2 Surface Roughness—The surface finish of finished bar

shall meet the minimum requirements listed in Table 1. The
surface finish of bar that will be machined subsequently shall
be as specified in the order and shall be compatible with
nondestructive examination requirements.

4.3.3 Surface Marring—The finished bar shall be free of
scratches, dents, or mars as specified in the order.

4.4 Heat Treatment:
4.4.1 Austenitic Grades—Except for material ordered in the

cold-worked condition, all austenitic grade material shall be
furnished in the solution-annealed condition. Solution anneal-
ing shall consist of heating the material to a temperature of
1900°F [1038°C] minimum, for a time appropriate to ensure
full carbide solution, followed by rapid cooling in air or water
to prevent carbide precipitation at the grain boundaries.

4.4.2 Martensitic Grades—Unless otherwise specified by
the purchaser, martensitic grade materials shall be supplied in
the normalized and tempered condition. Tempered material
shall be normalized at 1900°F [1038°C] minimum as a final
heat treatment. Tempered martensitic materials shall be held at
tempering temperature for at least 1 h/1in. [25 mm] of cross
section as follows:

4.4.2.1 Grade T91—1350°F [732°C] minimum, 1485°F
[807°C] maximum.

4.4.2.2 S42100—1365°F [740°C] minimum, 1470°F
[799°C] maximum.

4.4.3 Cold-Worked Austenitic Grades—If required by the
purchaser, austenitic grades shall be furnished in the cold-
worked condition. Prior to any final cold working operations,
solution annealing shall be performed in accordance with 4.4.1.
Percentage of cold work shall be based upon reduction in area.

4.4.4 Cleanliness During Manufacture—All lubricants shall
be removed prior to any heat treatment.

4.5 Lotting—Items of the same nominal dimension shall be
lotted on the basis of material having the same metallurgical
history, produced from the same melt heat, processed in one
final tooling setup, annealed in the same annealing charge (or
processed in one continuous run if annealed in a continuous
furnace) and given the same cold work.

4.6 Identification—Material shall be identified and pro-
cessed in a manner that will ensure traceability as specified in
the order.

4.7 Handling—Special handling procedures shall be em-
ployed to maintain the identity of material from the final
working operation through packaging for shipment. The han-
dling procedure shall be submitted to the purchaser for review
and approval prior to use.

5. Chemical Requirements

5.1 The material shall conform to the applicable chemistry
requirements specified in Table 2 unless otherwise specified in
the order.

5.2 An analysis of each heat of steel shall be made by the
steel manufacturer in accordance with Test Methods, Practices,
and Terminology A 751 to determine the percentages of the
elements specified. If secondary melting processes are em-
ployed, the heat analysis shall be obtained from one remelted
ingot or the product of one remelted ingot of each primary
melt. The chemical composition thus determined shall be
reported to the purchaser or his representative and shall
conform to the requirements specified in 5.1.

TABLE 1 Austenitic Stainless Steel Bar—Surface Finishes

Bar Diameter, in. (mm) Surface Designation (ANSI B 46.1)

1⁄8 to 1⁄4 [3.2 to 6.4] incl 32 µin. [0.8 µm] or finer
over 1⁄4to 2 [6.4 to 50.8] incl 63 µin. [1.6 µm] or finer
over 2 to 10 [50.8 to 254.0] incl 125 µin. [3.2 µm] or finer

TABLE 2 Chemical Requirements

Grade (UNS Designation)

316 (S31600) . . . S 38660 . . . S 42100 T91 (. . .)

Carbon 0.040 to 0.060 0.030 to 0.050 0.17 to 0.23 0.08 to 0.12
Manganese 1.00 to 2.00 1.65 to 2.35 0.40 to 0.70 0.30 to 0.60
Phosphorus, max 0.040 0.040 0.040 0.020
Sulfur, max 0.010 0.010 0.010 0.010
Silicon 0.50 to 0.75 0.50 to 1.00 0.20 to 0.30 0.20 to 0.50
Nickel 13.0 to 14.0 14.5 to 16.5 0.30 to 0.80 0.40 max
Chromium 17.0 to 18.0 12.5 to 14.5 11.0 to 12.5 8.0 to 9.5
Molybdenum 2.00 to 3.00 1.50 to 2.50 0.80 to 1.20 0.85 to 1.05
Titanium . . . 0.10 to 0.40A . . . . . .
Columbium 0.050 max 0.050 max 0.050 max 0.06 to 0.10
Tantalum, max 0.020 0.020 . . . . . .
Tungsten . . . . . . 0.40 to 0.60 . . .
Nitrogen 0.010 max 0.005 max . . . 0.03 to 0.07
Aluminum, max 0.050 0.050 0.050 0.04
Arsenic, max 0.030 0.030 . . . . . .
Boron, max 0.0020 0.0020 . . . . . .
Cobalt, max 0.050 0.050 . . . . . .
Copper, max 0.04 0.04 . . . . . .
Vanadium 0.05 max 0.05 max 0.25 to 0.35 0.18 to 0.25

A Aim for 0.25.
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5.3 A product analysis shall be made by the manufacturer on
a sample from one bar, billet, or forging in each lot as defined
in 4.5. The analysis shall meet the requirements of Table 2
within appropriate product analysis tolerances as provided in
Specification A 484/A 484M, unless otherwise specified in the
order. In the event of failure, the lot represented shall be
rejected except that, at the option of the manufacturer, each
item in the lot may be tested for acceptance.

6. Metallurgical Requirements

6.1 Grain Size—The grain size of finished bars for austen-
itic grades shall meet the requirements specified in Table 3.
Limits for bars, billets, and forgings that will be subsequently
hot or cold worked shall be as specified in the order.

6.2 Inclusions—The inclusion content of the finished bars
of austenitic grades shall not exceed the limits prescribed in
Table 4 when determined as specified in Practice E 45, Micro-
scope Method D, except, 35 % of the total fields rated may
exhibit inclusion levels up to a rating of 1 for Types A, B, C,
and D combined, and 3 % of the total fields rated may exhibit
inclusion levels up to a rating of 11⁄2 for Types A, B, C, and D
combined. Other limits may be specified in the order. Complex
carbides shall not be classified as inclusions.

6.3 Carbide Precipitation—Specimens from finished auste-
nitic grade bars shall be mounted as transverse sections,
polished, etched, and examined at 5003. Specimen prepara-
tion shall be as described in Methods E 3 using etching
Procedure 13 prescribed in Table 2 of Test Methods E 407.
Specimens shall exhibit no visible carbide precipitation at the
grain boundaries.

7. Mechanical Properties Requirements

7.1 The material shall conform to the mechanical property
requirements specified in Table 5 for the grade ordered. At least
one room-temperature test shall be performed by the manufac-
turer on a sample from at least one bar, billet, or forging from
each lot of material.

7.2 The yield strength shall be determined by the offset
(0.2 %) method as prescribed in Test Methods and Definitions
A 370.

7.3 Martensitic material supplied in the tempered condition
shall meet the mechanical properties specified in Table 5 when
heat treated in accordance with the requirements of 4.3.2.
Hardness measurements shall be made at a location midway
between the surface and the center of the cross section.

7.4 If in the course of preparation, a test specimen is made
defective, for example by machining errors, the specimen may
be replaced by another which shall be selected on the same
basis as the one discarded. If, however, a specimen develops
flaws upon testing or otherwise fails to meet test requirements,
the material represented by the specimen shall be rejected

except that, at the material manufacturer’s option, the material
may be reprocessed and retested, or each item may be tested
individually for acceptance.

8. Nondestructive Examination

8.1 Ultrasonic Examination—Each bar greater than 1 in.
(25.4 mm) in the least dimension shall be examined using the
examination and acceptance criteria specified in Section 9 and
Practice A 388/A 388M. A bar 1 in. [25.4 mm] or less in the
least dimension shall be examined as specified in the order.

8.2 Testing Personnel—All nondestructive testing person-
nel shall be qualified and perform in accordance with SNT-
TC-1A.

9. General Requirements

9.1 Material supplied under this specification shall conform
to the applicable requirements of Specification A 484/A 484M
unless otherwise specified herein. Failure to comply with the
general requirements of Specification A 484/A 484M consti-
tutes nonconformance with this specification.

10. Sampling

10.1 Lot Qualification—Sampling levels shall be as speci-
fied in the order. Referenced test methods are the preferred
methods. Actual methods used shall be equal to or better than
the methods referenced and shall be approved by the purchaser
prior to use.

11. Certification

11.1 The manufacturer shall certify that the material was
manufactured, tested, and examined in accordance with this
specification and any added requirements of the purchase
order. A copy of the certification shall be furnished at the time
of shipment, together with a report of the results of all required
tests, examinations, and ASTM designation, year date and
revision letter, if any. Certifications, test reports, and examina-
tion reports shall be positively traceable to the final product.

12. Packaging and Package Marking

12.1 Packaging—Packaging shall be in accordance with the
requirements specified in the order.

12.2 Marking—Each lot shipment shall be legibly and
conspicuously marked with the following data:

12.2.1 Purchase order number,
12.2.2 Name of supplier,
12.2.3 Alloy and heat numbers,
12.2.4 Lot number,
12.2.5 Number of pieces (or feet) in lot,
12.2.6 Gross and net weights,
12.2.7 Applicable drawing,
12.2.8 Size, and

TABLE 3 Grain Size for Austenitic Grade Bar

Bar Diameter, in. (mm) ASTM Grain Size
(Test Methods E 112 Plate II)

1⁄8 to 2 incl [3 to 50]
Over 2 to 10 incl [50 to 254]

5 or finer
3 or finer

TABLE 4 Inclusion Content Limits for Austenitic Grades

Inclusion Type (Practice E 45)

Sulfide Type (A) Alumina Type (B) Silicate Type (C) Globular Oxides (D)

Thin
1⁄2

Thick
0

Thin
0

Thick
0

Thin
0

Thick
0

Thin
1⁄2

Thick
1⁄2
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12.2.9 Specification number.

13. Quality Assurance Requirement

13.1 Requirements—The materials manufacturer shall es-
tablish, maintain, and function in accordance with a quality
verification program that will control quality of the product
during manufacture, testing, examination, repair, and treatment
of the material, including subcontracted services, to assure that
all materials supplied by him conform to the requirements of
this specification. ASME NQA-1 is an example of a program
which meets the requirements of this section. The program
shall be subject to audit and shall include the following:

13.1.1 Organization—The authority and responsibilities of
personnel in charge of the quality assurance program shall be
clearly established and be independent of the individual or
group performing the specific manufacturing activity.

13.1.2 Manufacturing Control—The materials manufac-
turer shall operate under a controlled system using process
sheets, shop procedures, check lists, travelers, or equivalent
procedures.

13.1.3 Calibration of Measuring and Test Equipment—
Procedures shall be in effect to ensure that tools, gages,
instruments, and other measuring, testing, and examination
equipment and devices used to verify compliance of material
with the basic material specification and this specification are
calibrated, controlled, adjusted, and maintained to assure
accuracy within the specified limits. Calibration shall be
against measurement standards that have a known valid rela-
tionship to those of the National Institute of Standards and
Technology, where such standards exist. Corrective action is
required when discrepancies, which significantly affect the
measurement of material specification properties are found at
calibration. Methods for resolution of these discrepancies shall
be part of the quality system program.

13.1.4 Control of Nondestructive Examination
Procedures—All nondestructive examinations required shall
be performed in accordance with detailed written procedures
that are capable of detecting and locating unacceptable discon-
tinuities. Qualification of personnel performing or interpreting
nondestructive examination, or both, shall be in accordance
with SNT-TC-1A, supplements and appendixes, as applicable,
for the technique and methods used. Written procedures and

records shall be made available to the purchaser on request. At
least one copy of the procedure shall be available to nonde-
structive examination personnel for reference on request.

13.1.5 Procedure Control—Procedural controls of heat
treatment for all materials and material test coupons shall be
maintained and implemented.

13.1.6 Nonconforming Material—Nonconforming material
shall be identified and reviewed for acceptance, rejection,
repair, or rework in accordance with documented procedures.
The responsibility and authority for the disposition of noncon-
forming material shall be defined. Repaired and reworked
material shall be re-examined in accordance with applicable
procedures. Conditions adverse to final product quality (such
as malfunctions, deficiencies, deviations, defective material
and equipment and nonconformances) shall be identified
promptly and reported to appropriate levels of the materials
manufacturer’s management. The identification, cause, and
corrective action taken on nonconformances shall be docu-
mented.

13.1.7 Audits—Planned and periodic audits by personnel
not having direct responsibility in the areas being audited shall
be performed to assure compliance with the quality system
program. Written procedures or checklists shall be used.
Follow-up action including reaudit of deficient areas, shall be
taken where indicated.

13.1.8 Identification and Control of Materials—Procedural
controls for identification of materials including partially
processed materials shall assure that identification is main-
tained either on the material or on records traceable to the
material throughout manufacture.

13.2 Records—The manufacturer is responsible for the
preparation of all quality assurance documentation specified in
this specification and in the order. Records of all tests and
examinations shall be kept complete and available to the
purchaser. Quality verification records shall be furnished with
the delivered product.

14. Keywords

14.1 austenitic stainless steel; high temperature core com-
ponents; martensitic stainless steel; nuclear applications; stain-
less steel bars; stainless steel billets; stainless steel forgings

TABLE 5 Mechanical Property Requirements

Alloy Condition Tensile Strength,
min, psi (MPa)

Yield StrengthA,
min, psi

Elongation in
2 in. [50 mm] or 4D,

min %

Brinell Hardness,
max

Austenitic Types

S31600, S 38660
S31600, S 38660

annealed
20 % cold-worked

75 000B [515]
95 000 [655]

30 000 [205]
75 000C [515]

30
30

. . .
302D (surface)

Martensitic Types

T91
S42100

tempered
tempered

85 000 [585]
100 000 [690]

60 000 [415]
71 000 [490]

20
10

250
229

A See Section 7.
B Tensile strength 70 000 psi (485 MPa) minimum permitted for extruded shapes.
C For bars greater than 2 in. (51 mm) in cross section, 65 000 psi (480 MPa) minimum.
D Minimum properties for all sizes in cold-worked condition.
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Designation: A 853 – 04

Standard Specification for
Steel Wire, Carbon, for General Use 1

This standard is issued under the fixed designation A 853; 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 carbon steel wire, supplied in
coils, for general use. It may be produced hard drawn, annealed
in process, or annealed at finish size.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 510 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products

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

2.2 Military Standards:
MIL-STD-129 Marking for Shipment and Storage3

MIL-STD-163 Steel Mill Products, Preparation for Ship-
ment and Storage3

2.3 Federal Standard:
Fed. Std. No. 123 Marking for Shipments (Civil Agencies)3

2.4 AIAG Standard:
AIAGB-5 02.00 Primary Metals Identification Tag Applica-

tion Standard4

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 annealed-in-process wire—steel wire that was ther-

mally treated and subsequently redrawn.
3.1.2 annealed wire—wire that was drawn to size and

annealed at finish size.
3.1.3 carbon steel—steel is considered to be carbon steel

when no minimum content is specified or required for alumi-
num, chromium, cobalt, columbium, molybdenum, nickel,
titanium, tungsten, vanadium, or zirconium or any other
element added to obtain a desired alloying effect; when the
specified minimum copper content does not exceed 0.40 %; or
when the maximum content for any of the following elements
does not exceed these percentages: manganese 1.65, silicon
0.60, or copper 0.60 (see Specification A 510).

3.1.4 hard drawn wire—wire drawn without the use of
thermal treatment.

4. Ordering Information

4.1 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for material under this
specification. Such requirements include, but are not limited to,
the following:

4.1.1 Quantity (weight in pounds),
4.1.2 Name of material (carbon steel wire),
4.1.3 Wire diameter in inches, to the third decimal point,
4.1.4 Chemical composition grade number,
4.1.5 Condition (hard drawn, annealed in process, annealed

at finished size),
4.1.6 Finish (see Section 10),
4.1.7 Packaging, and
4.1.8 ASTM designation and year of issue.

NOTE 1—A typical ordering description is as follows: 40 000 lb, 0.148
in., Bright Hard Drawn Carbon Steel Wire, Grade 1008, in 600-lb.
catch-weight coils on tubular carriers to ASTM ACSW.

5. Materials and Manufacture

5.1 The steel shall be made by any commercially accepted
steel making process. The steel may be either ingot cast or
strand cast.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 1, 2004. Published March 2004. Originally
approved in 1985. Last previous edition approved in 2003 as A 853 – 93 (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.

3 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

4 Available from Automotive Industry Action Group (AIAG), 26200 Lahser Rd.,
Suite 200, Southfield, MI 48034.

1

*A Summary of Changes section appears at the end of this standard.
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6. Chemical Composition

6.1 The grade designation shall be as specified in the
purchase order.

6.2 Chemical ranges and limits, and procedures for analysis
shall be in accordance with Test Methods, Practices, and
Terminology A 751.

7. Mechanical Properties

7.1 The carbon steel wire shall meet the tensile strength
requirements shown in Table 1 for the condition specified when
tested in accordance with Test Methods and Definitions A 370.

8. Dimensions and Tolerances

8.1 The diameter and out of roundness shall not vary by
more than the tolerances specified in Specification A 510.

9. Workmanship

9.1 The wire shall be free of detrimental imperfections. To
ensure large continuous length coils, welds may be present in
the finished wire.

10. Finish

10.1 Hard drawn wire may be furnished with a variety of
finishes depending upon the drawing practices used by the
manufacturer. Unless otherwise specified in the purchase order,
the wire is normally produced with a common dry drawn
finish, usually referred to as a bright finish. Other finishes are

also available such as clean and extra smooth wire, requiring
special drafting practices.

10.2 Annealed in process wire is furnished with a bright
finish.

10.3 Unless otherwise negotiated between the purchaser and
manufacturer, annealed at finish size wire is supplied with a
black oxide finish resulting from regular annealing.

11. Sampling

11.1 Test specimens for testing mechanical properties shall
be full sections and shall be obtained from ends of wire coils.
The specimens shall be of sufficient length to perform tests
specified in 7.1.

11.2 If any test specimen is found to contain a weld or
exhibits other obvious imperfections, it shall be discarded and
another specimen substituted.

12. Number of Tests

12.1 One tension test shall be made from each 10 tons (9
Mg) or fraction thereof in a lot, or a total of seven samples,
whichever is less. A lot shall consist of all coils of a single size,
offered for delivery at the same time.

13. Inspection

13.1 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 this specifica-
tion. All tests and inspections shall be made at the place of

TABLE 1 Tensile Requirements

DiameterA, in. (mm) Tensile Strength, psi (MPa)

Hard Drawn
Minimum

Annealed-In-
Process Maximum

AnnealedB

Maximum

Grade AISI 1006 UNS G 10060

Less than 0.035(0.89) . . . 95 000(655) 60 000(415)
0.035–0.057(0.89–1.46) 105 000(725) 90 000(620) 60 000(415)
0.058–0.085(1.47–2.17) 90 000(620) 90 000(620) 60 000(415)
0.086–0.127(2.18–3.27) 80 000(550) 85 000(585) 60 000(415)
0.128–0.177(3.28–4.49) 70 000(485) 80 000(550) 60 000(415)
0.178–0.250(4.51–6.35) 60 000(415) 70 000(485) 60 000(415)

Grades AISI 1008 and 1010 UNS G 10080 and G 10100

Less than 0.035(0.89) . . . 95 000(655) 70 000(485)
0.035–0.057(0.89–1.46) . . . 90 000(620) 65 000(450)
0.058–0.085(1.47–2.17) 100 000(690) 90 000(620) 65 000(450)
0.086–0.127(2.18–3.27) 85 000(585) 90 000(620) 65 000(450)
0.128–0.177(3.28–4.50) 75 000(515) 83 000(570) 65 000(450)
0.178–0.250(4.51–6.35) 65 000(450) 75 000(515) 65 000(450)

Grade AISI 1015 UNS G 10150

Less than 0.035(0.89) . . . 95 000(655) 75 000(515)
0.035–0.057(0.89–1.46) . . . 95 000(655) 70 000(485)
0.058–0.085(1.47–2.17) 105 000(725) 95 000(655) 70 000(485)
0.086–0.127(2.18–3.27) 90 000(620) 95 000(655) 70 000(485)
0.128–0.177(3.28–4.50) 80 000(550) 85 000(585) 70 000(485)
0.178–0.250(4.51–6.35) 70 000(485) 78 000(540) 70 000(485)

Grades AISI 1018 and 1020 UNS G 10180 and G 10200

Less than 0.035(0.89) . . . 100 000(690) 75 000(515)
0.035–0.057(0.89–1.46) . . . 100 000(690) 75 000(515)
0.058–0.085(1.47–2.17) . . . 100 000(690) 75 000(515)
0.086–0.127(2.18–3.27) 105 000(725) 100 000(690) 75 000(515)
0.128–0.177(3.28–4.50) 85 000(585) 90 000(620) 75 000(515)
0.178–0.250(4.51–6.35) 75 000(515) 82 000(570) 75 000(515)

A Decimal size is rounded to three significant places in accordance with Practice E 29.
B Annealed denotes annealed at finished size.
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manufacture prior to shipment, unless otherwise specified, and
shall be so conducted as not to interfere with the operation of
the works.

14. Rejection and Rehearing

14.1 Any rejection by the purchaser shall be reported to the
manufacturer within a reasonable time from receipt of material.

14.2 The material must be adequately protected and cor-
rectly identified in order that the manufacturer may make a
proper investigation.

15. Certification

15.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

15.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

16. Packaging and Package Marking

16.1 Unless otherwise specified, packaging, package mark-
ing, and loading for shipment shall be in accordance with
Practices A 700.

16.2 The size, name of product, grade and condition, ASTM
specification number, weight, and name or mark of the manu-
facturer shall be indicated on a tag securely attached to each
coil or package of wire.

16.3 When specified in the contract or order, and for direct
procurement by or direct shipment to the U. S. Government,
when Level A is specified, preservation, packaging and packing
shall be in accordance with Level A requirements of MIL-STD-
163.

16.4 When specified in the contract or order, and for direct
procurement by or direct shipment to the U. S. Government,
marking for shipment, in addition to requirements specified in
the contract or order, shall be in accordance with MIL-STD-
129 for U. S. Military agencies and in accordance with Fed.
Std. 123 for U. S. Government civil agencies.

16.5 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG Standard 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

17. Keywords

17.1 annealed at finished size; annealed in process; carbon;
hard drawn; wire

SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue,
A 853–93 (2003), that may impact the use of this standard. (Approved March 1, 2004.)

(1) Revised Section 4 to eliminate non-mandatory language. (2) Revised Section 10.3 to eliminate obsolete terminology.

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: A 877/A877M – 99

Standard Specification for
Steel Wire, Chromium-Silicon Alloy Valve Spring Quality 1

This standard is issued under the fixed designation A 877/A877M; 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 highest quality of round
chromium-silicon alloy steel valve spring wire, uniform in
quality and temper, intended for the manufacture of valve
springs and other springs requiring high-fatigue properties
when used at moderately elevated temperatures. This wire shall
be either in the annealed and cold-drawn or oil-tempered
condition as specified by purchaser.

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. Within the text, the
inch-pound units are shown in brackets. The values stated in
each system are not exact equivalents; therefore, each system
must be used independent of the other.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

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

E 45 Practice for Determining the Inclusion Content of
Steel5

2.2 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)6

2.3 Military Standard:
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage6

2.4 AIAG Standard:

AIAGB-5 02.00 Primary Metals Identification Tag Applica-
tion Standard7

3. Ordering Information

3.1 Orders for material under this specification shall include
the following information for each ordered item:

3.1.1 Quantity (mass),
3.1.2 Name of material (chromium-silicon alloy steel valve

spring quality wire),
3.1.3 Dimensions (Table 1 and Section 8),
3.1.4 Condition (Section 6),
3.1.5 Packaging (Section 14),
3.1.6 Heat analysis report, if requested (5.2),
3.1.7 Certification or test report, or both, if specified (Sec-

tion 13), and
3.1.8 ASTM designation and year of issue.

NOTE 1—A typical ordering description is as follows: 20 000-kg
oiltempered chromium-silicon alloy steel valve spring quality wire, size
6.00 mm in 150-kg coils to ASTM ___ dated ___, or for inch-pound units,
40 000-lb oil-tempered chromium-silicon alloy steel valve spring quality
wire, size 0.250 in. in 350-lb coils to ASTM ___ dated ___ .

4. Materials and Manufacture

4.1 The steel may be made by any commercially accepted
steel making process. The steel may be either ingot cast or
strand cast.

4.2 The finished wire shall be free from detrimental pipe
and undue segregation.

5. Chemical Composition

5.1 The steel shall conform to the requirements for chemical
composition specified in Table 2.

5.2 Heat Analysis—Each heat of steel shall be analyzed by
the manufacturer to determine the percentage of elements
prescribed in Table 2. This analysis shall be made from a test
specimen preferably taken during the pouring of the heat.
When requested, this shall be reported to the purchaser and
shall conform to the requirements of Table 2.

5.3 Product Analysis—An analysis may be made by the
purchaser from finished wire representing each heat of steel.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 10, 1999. Published May 1999. Originally
published as A 877/A 877M – 87. Last previous edition A 877/A 877M – 98.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.01.
6 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

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

7 Available from the Automotive Industry Action Group, 26200 Lahser, Suite
200, Southfield, MI 48034.
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The average of all the separate determinations made shall be
within the limits specified in the analysis column. Individual
determinations may vary to the extent shown in the product
analysis tolerance column, except that the several determina-
tions of a single element in any one heat shall not vary both
above and below the specified range.

5.4 For referee purposes, Test Methods, Practices, and
Terminology A 751 shall be used.

6. Mechanical Properties

6.1 Annealed and Cold Drawn—When purchased in the
annealed and cold-drawn condition, the wire shall have been
given a sufficient amount of cold working to meet the purchas-
er’s coiling requirements and shall be in a suitable condition to
respond properly to heat treatment. In special cases the
hardness, if desired, shall be stated in the purchase order.

6.2 Oil Tempered—When purchased in the oil-tempered
condition, the tensile strength shall conform to the require-
ments prescribed in Table 3.

6.2.1 Number of Tests—One test specimen shall be taken for
each five coils, or fraction thereof, in a lot. Each heat in a given
lot shall be tested.

6.2.2 Location of Tests—Test specimens shall be taken from
either end of the coil.

6.2.3 Test Method—The tension test shall be made in
accordance with Test Methods and Definitions A 370.

6.3 Wrap Test:
6.3.1 Oil-tempered or cold-drawn wire 4.00 mm [0.162 in.]

and smaller in diameter shall wind on itself as an arbor without
breakage. Larger diameter wire up to and including 8.00 mm
[0.312 in.] in diameter shall wrap without breakage on a
mandrel twice the wire diameter. The wrap test is not appli-
cable to wire over 8.00 mm [0.312 in.] in diameter.

6.3.2 Number of Tests—One test specimen shall be taken for
each five coils, or fraction thereof, in a lot. Each heat in a given
lot shall be tested.

6.3.3 Location of Tests—Test specimens shall be taken from
either end of the coil.

6.3.4 Test Method—The wrap test shall be made in accor-
dance with Test Methods and Definitions A 370.

7. Metallurgical Requirements

7.1 Surface Condition:
7.1.1 The surface of the wire as received shall be free of

imperfections such as pits, die marks, scratches, seams, and
other defects tending to impair the fatigue value of the springs.

7.1.2 Number of Tests—One test specimen shall be taken
from each end of every coil.

7.1.3 Test Method—The surface shall be examined after
etching in a solution of equal parts of hydrochloric acid and
water that has been heated to approximately 80°C for a
sufficient length of time to remove up to approximately 1 % of
the diameter of the wire. Test ends shall be examined using
103 magnification.

7.2 Decarburization:
7.2.1 Transverse sections of the wire properly mounted,

polished, and etched shall show no completely decarburized
(carbon-free) areas when examined at a magnification of 100
diameters. Partial decarburization shall not exceed a depth of
0.025 mm [0.001 in.] on wire 5.00 mm [0.192 in.] and smaller,
or 0.038 mm [0.0015 in.] on larger than 5.00 mm [0.192 in.].

7.2.2 To reveal the decarburization more accurately in
untempered wire, the specimen shall be hardened and tempered
before microscopic examination. Prior to hardening, the speci-
men shall be filed flat on one side enough to reduce the

TABLE 1 Permissible Variations in Wire Diameter A

SI Units

Diameter, mm Permissible Varia-
tions, 6mm

Permissible Out-of
Round, mm

0.5 to 2.0, incl 0.02 0.02
Over 2.0 to 4.0, incl 0.03 0.03
Over 4.0 to 9.5, incl 0.04 0.04

Inch-Pound Units

Diameter, in. Permissible Varia-
tions, 6 in.

Permissible Out-of
Round, in.

0.020 to 0.075, incl 0.0008 0.0008
Over 0.075 to 0.148, incl 0.001 0.001
Over 0.148 to 0.375, incl 0.0015 0.0015

A For purposes of determining conformance with this specification, all specified
limits are absolute as defined in Recommended Practice E 29.

TABLE 2 Chemical Requirements

Analysis, % Product Analysis
Tolerance, %

Carbon 0.51–0.59 60.02
Manganese 0.50–0.80 60.03
Phosphorus 0.025 max 60.005
Sulfur 0.025 max 60.005
Silicon 1.20–1.60 60.05
Chromium 0.60–0.80 60.03

TABLE 3 Tensile Requirements A

SI Units

Diameter, mm MPa, min MPa, max

0.5 2100 2280
1.0 2070 2240
1.5 2030 2210
2.0 2000 2140
3.0 1930 2070
3.75 1900 2030
4.5 1830 1970
5.0 1810 1950
5.7 1800 1930
6.3 1760 1900
7.9 1730 1860
9.5 1690 1830

Inch-Pound Units

Diameter, in. ksi, min ksi, max

0.020 305 330
0.040 300 325
0.060 295 320
0.080 290 310
0.120 280 300
0.148 275 295
0.177 265 285
0.200 263 283
0.225 260 280
0.250 255 275
0.312 250 270
0.375 245 265

A Tensile strength values for intermediate diameters may be interpolated.
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diameter at least 20 %. The subsequent mounted specimen
shall show the flattened section, as well as the original wire
edge. Any decarburization on this flattened section shall
necessitate a new specimen for examination.

7.2.3 Number of Tests—One test specimen shall be taken for
each five coils, or fraction thereof, in a lot.

7.2.4 Location of Tests—Test specimens may be taken from
either end of the coil.

7.3 Inclusion Content:
7.3.1 The inclusion content of the wire or wire rod in the

worst case shall not exceed the limits shown in Table 4 as
described in Practice E 45, Plate I-r, Method D, except that
alternate methodologies are acceptable upon agreement be-
tween purchaser and supplier provided minimum requirements
are not lower than those of Practice E 45, Method D.

7.3.1.1 If any coil exceeds the limits listed in Table 4, all
coils in the lot will be inspected. Each coil that fails to meet the
requirements will be rejected.

7.3.2 Number of Tests—One test specimen shall be taken for
each 10 coils, or fraction thereof, in the lot.

7.3.3 Location of Tests—Test specimens may be taken from
either end of the coil.

7.3.4 Test Method—A longitudinal section approximately
12.7 mm [0.5 in.] long shall be ground to the centerline and
properly mounted and polished. Examination shall be made in
accordance with Practice E 45.

7.3.5 Upon agreement by the purchaser and supplier, the
inclusion requirements may be waived.

8. Dimensions and Permissible Variations

8.1 The permissible variations in the diameter of the wire
shall be as specified in Table 1.

8.2 Number of Tests—One test specimen shall be taken from
each end of every coil.

9. Workmanship, Finish, and Appearance

9.1 Annealed and Cold Drawn—The wire shall not be
kinked or improperly cast. To test for cast, a few convolutions
of wire shall be cut loose from the coil and placed on a flat
surface. The wire shall lie substantially flat on itself and not
spring up nor show a wavy condition.

9.2 Oil Tempered—The wire shall be uniform in quality and
temper and shall not be wavy or crooked.

9.3 Each coil shall be one continuous length of wire
properly coiled and firmly tied.

9.4 No welds are permitted in the finished product and any
welds made during processing must be removed.

10. Retests

10.1 If any test specimen exhibits obvious defects it may be
discarded and another specimen substituted.

11. Inspection

11.1 Unless otherwise specified in the contract or purchase
order, the manufacturer is responsible for the performance of
all inspection and test requirements specified in this specifica-
tion. 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 ensure that the material conforms to prescribed
requirements.

12. Rejection and Rehearing

12.1 Unless otherwise specified, any rejection based on tests
made in accordance with these specifications shall be reported
to the manufacturer as soon as possible so that an investigation
may be initiated.

12.2 The material must be adequately protected and cor-
rectly identified in order that the manufacturer may make a
proper investigation.

13. Certification

13.1 When specified in the purchase order or contract, a
manufacturer’s or supplier’s certification shall be furnished to
the purchaser that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

13.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

14. Packaging, Marking, and Loading for Shipment

14.1 The coil mass, dimensions, and the method of packag-
ing shall be agreed upon between the manufacturer and
purchaser.

14.2 The size of the wire, purchaser’s order number, ASTM
specification number, heat number, and name or mark of the
manufacturer shall be marked on a tag securely attached to
each coil of wire.

TABLE 4 Maximum Inclusion Content

NOTE 1—The surface zone is from the wire surface to1⁄3 radius deep. The core is the balance.

Zone Inclusion Type
A B C D

Thin Heavy Thin Heavy Thin Heavy Thin Heavy

Surface 1 1 1 ½ 1 1 1 ½
Core 2 1½ 2 1 2 1½ 2 1
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14.3 Unless otherwise specified in the purchaser’s order,
packaging, marking, and loading for shipments shall be in
accordance with those procedures recommended by Practices
A 700.

14.4 For Government Procurement—Packaging, packing,
and marking of material for military procurement shall be in
accordance with the requirements of MIL-STD-163, Level A,
Level C, or commercial as specified in the contract or purchase
order. Marking for shipment of material for civil agencies shall
be in accordance with Fed. Std. No. 123.

14.5 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG Standard 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

15. Keywords

15.1 alloy; chromium-silicon; valve spring; wire

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: A 878/A878M – 99

Standard Specification for
Steel Wire, Modified Chromium Vanadium Valve Spring
Quality 1

This standard is issued under the fixed designation A 878/A878M; 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 highest quality of round
modified chromium vanadium alloy steel valve spring wire,
uniform in quality and temper, intended for the manufacture of
valve springs and other springs requiring high-fatigue proper-
ties when used at moderately elevated temperatures. This wire
shall be either in the annealed and cold-drawn or oil-tempered
condition as specified by purchaser.

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. Within the text, the
inch-pound units are shown in brackets. The values stated in
each system are not exact equivalents; therefore, each system
must be used independent of the other.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

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

E 45 Practice for Determining the Inclusion Content of
Steel5

2.2 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)6

2.3 Military Standard:
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage6

2.4 AIAG Standard:
AIAGB-5 02.00 Primary Metals Identification Tag Applica-

tion Standard7

3. Ordering Information

3.1 Orders for material under this specification shall include
the following information for each ordered item:

3.1.1 Quantity (mass),
3.1.2 Name of material (modified chromium vanadium

alloy steel valve spring quality wire),
3.1.3 Dimensions (Table 1 and Section 8),
3.1.4 Condition (Section 6),
3.1.5 Packaging (Section 14),
3.1.6 Heat analysis report, if requested (5.2),
3.1.7 Certification or test report, or both, if specified (Sec-

tion 13), and
3.1.8 ASTM designation and year of issue.

NOTE 1—A typical ordering description is as follows: 20 000-kg
oil-tempered modified chromium vanadium alloy steel valve spring
quality wire, size 6.00 mm in 150-kg coils to ASTM ___ dated ___ , or for
inch-pound, 40 000-lb oil-tempered modified chromium vanadium alloy
steel valve spring quality wire, size 0.250 in. in 350-lb coils to ASTM ___
dated ___ .

4. Materials and Manufacture

4.1 The steel may be made by any commercially accepted
steel making process. The steel may be either ingot cast or
strand cast.

4.2 The finished wire shall be free from detrimental pipe
and undue segregation.

5. Chemical Composition

5.1 The steel shall conform to the requirements for chemical
composition specified in Table 2.

5.2 Heat Analysis—Each heat of steel shall be analyzed by
the manufacturer to determine the percentage of elements
prescribed in Table 2. This analysis shall be made from a test
specimen preferably taken during the pouring of the heat.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 10, 1999. Published May 1999. Originally
published as A 878/A 878M – 87. Last previous edition A 878/A 878M – 98.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.01.
6 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

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

7 Available from the Automotive Industry Action Group, 26200 Lahser, Suite
200, Southfield, MI 48034.
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When requested, this shall be reported to the purchaser and
shall conform to the requirements of Table 2.

5.3 Product Analysis—An analysis may be made by the
purchaser from finished wire representing each heat of steel.
The average of all the separate determinations made shall be
within the limits specified in the analysis column. Individual
determinations may vary to the extent shown in the product
analysis tolerance column, except that the several determina-
tions of a single element in any one heat shall not vary both
above and below the specified range.

5.4 For referee purposes, Test Methods, Practices, and
Terminology A 751 shall be used.

6. Mechanical Properties

6.1 Annealed and Cold Drawn—When purchased in the
annealed and cold-drawn condition, the wire shall have been
given a sufficient amount of cold working to meet the purchas-
er’s coiling requirements and shall be in a suitable condition to
respond properly to heat treatment. In special cases the
hardness, if desired, shall be stated in the purchase order.

6.2 Oil Tempered—When purchased in the oil-tempered
condition, the tensile strength shall conform to the require-
ments prescribed in Table 3.

6.2.1 Number of Tests—One test specimen shall be taken for
each five coils, or fraction thereof, in a lot. Each heat in a given
lot shall be tested.

6.2.2 Location of Tests—Test specimens shall be taken from
either end of the coil.

6.2.3 Test Method—The tension test shall be made in
accordance with Test Methods and Definitions A 370.

6.3 Wrap Test:
6.3.1 Oil-tempered or cold-drawn wire 4.00 mm [0.162 in.]

and smaller in diameter shall wind on itself as an arbor without
breakage. Larger diameter wire up to and including 8.00 mm
[0.312 in.] in diameter shall wrap without breakage on a
mandrel twice the wire diameter. The wrap test is not appli-
cable to wire over 8.00 mm [0.312 in.] in diameter.

6.3.2 Number of Tests—One test specimen shall be taken for
each five coils, or fraction thereof, in a lot. Each heat in a given
lot shall be tested.

6.3.3 Location of Tests—Test specimens shall be taken from
either end of the coil.

6.3.4 Test Method—The wrap test shall be made in accor-
dance with Test Methods and Definitions A 370.

7. Metallurgical Requirements

7.1 Surface Condition:
7.1.1 The surface of the wire as received shall be free of

imperfections such as pits, die marks, scratches, seams, and
other defects tending to impair the fatigue value of the springs.

7.1.2 Number of Tests—One test specimen shall be taken
from each end of every coil.

7.1.3 Test Method—The surface shall be examined after
etching in a solution of equal parts of hydrochloric acid and
water that has been heated to approximately 80°C for a
sufficient length of time to remove up to approximately 1 % of
the diameter of the wire. Test ends shall be examined using
103 magnification.

7.2 Decarburization:
7.2.1 Transverse sections of the wire properly mounted,

polished, and etched shall show no completely decarburized
(carbon-free) areas when examined at a magnification of 100

TABLE 1 Permissible Variations in Wire Diameter A

SI Units

Diameter, mm
Permissible
Variations,

6mm

Permissible
Out-of Round,

mm

0.5 to 2.0, incl 0.02 0.02
Over 2.0 to 4.0, incl 0.03 0.03
Over 4.0 to 9.5, incl 0.04 0.04

Inch-Pound Units

Diameter, in.
Permissible
Variations,

6in.

Permissible
Out-of Round,

in.

0.020 to 0.075, incl 0.0008 0.0008
Over 0.075 to 0.148, incl 0.001 0.001
Over 0.148 to 0.375, incl 0.0015 0.0015

A For purposes of determining conformance with this specification, all specified
limits are absolute as defined in Recommended Practice E 29.

TABLE 2 Chemical Requirements

Analysis, % Product Analysis
Tolerance, %

Carbon 0.60–0.75 60.02
Manganese 0.50–0.90 60.03
Phosphorus 0.025 max +0.005
Sulfur 0.025 max +0.005
Silicon 0.15–0.30 60.02
Chromium 0.35–0.60 60.05
Vanadium 0.10–0.25 60.01

TABLE 3 Tensile Requirements A

SI Units

Diameter, mm MPa, min MPa, max

0.5 2000 2170
1.0 1930 2100
1.5 1830 2000
2.0 1760 1900
3.0 1660 1800
3.75 1620 1760
4.5 1590 1730
5.0 1550 1690
5.7 1520 1660
6.3 1480 1620
7.9 1450 1590
9.5 1410 1550

Inch-Pound Units

Diameter, in. ksi, min ksi, max

0.020 290 315
0.040 280 305
0.060 265 290
0.080 255 275
0.120 240 260
0.148 235 255
0.177 230 250
0.200 225 245
0.225 220 240
0.250 215 235
0.312 210 230
0.375 205 225
A Tensile strength valves for intermediate diameters may be interpolated.
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diameters. Partial decarburization shall not exceed a depth of
0.025 mm [0.001 in.] on wire 5.00 mm [0.192 in.] and smaller,
or 0.038 mm [0.0015 in.] on larger than 5.00 mm [0.192 in.].

7.2.2 To reveal the decarburization more accurately in
untempered wire, the specimen shall be hardened and tempered
before microscopic examination. Prior to hardening, the speci-
men shall be filed flat on one side enough to reduce the
diameter at least 20 %. The subsequent mounted specimen
shall show the flattened section, as well as the original wire
edge. Any decarburization on this flattened section shall
necessitate a new specimen for examination.

7.2.3 Number of Tests—One test specimen shall be taken for
each five coils, or fraction thereof, in a lot.

7.2.4 Location of Tests—Test specimens may be taken from
either end of the coil.

7.3 Inclusion Content:
7.3.1 The inclusion content of the wire or wire rod in the

worst case shall not exceed the limits shown in Table 4 as
described in Practice E 45, Plate I-r, Method D, except that
alternate methodologies are acceptable upon agreement be-
tween purchaser and supplier provided minimum requirements
are not lower than those of Practice E 45, Method D.

7.3.1.1 If any coil exceeds the limits listed in Table 4, all
coils in the lot will be inspected. Each coil that fails to meet the
requirements will be rejected.

7.3.2 Number of Tests—One test specimen shall be taken for
each 10 coils, or fraction thereof, in the lot.

7.3.3 Location of Tests—Test specimens may be taken from
either end of the coil.

7.3.4 Test Method—A longitudinal section approximately
12.7 mm [0.5 in.] long shall be ground to the centerline and
properly mounted and polished. Examination shall be made in
accordance with Practice E 45.

7.3.5 Upon agreement by the purchaser and supplier, the
inclusion requirements may be waived.

8. Dimensions and Permissible Variations

8.1 The permissible variations in the diameter of the wire
shall be as specified in Table 1.

8.2 Number of Tests—One test specimen shall be taken from
each end of every coil.

9. Workmanship, Finish, and Appearance

9.1 Annealed and Cold Drawn—The wire shall not be
kinked or improperly cast. To test for cast, a few convolutions
of wire shall be cut loose from the coil and placed on a flat
surface. The wire shall lie substantially flat on itself and not
spring up nor show a wavy condition.

9.2 Oil Tempered—The wire shall be uniform in quality and
temper and shall not be wavy or crooked.

9.3 Each coil shall be one continuous length of wire
properly coiled and firmly tied.

9.4 No welds are permitted in the finished product and any
welds made during processing must be removed.

10. Retests

10.1 If any test specimen exhibits obvious defects it may be
discarded and another specimen substituted.

11. Inspection

11.1 Unless otherwise specified in the contract or purchase
order, the manufacturer is responsible for the performance of
all inspection and test requirements specified in this specifica-
tion. 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 prescribed
requirements.

12. Rejection and Rehearing

12.1 Unless otherwise specified, any rejection based on tests
made in accordance with these specifications shall be reported
to the manufacturer as soon as possible so that an investigation
may be initiated.

12.2 The material must be adequately protected and cor-
rectly identified in order that the manufacturer may make a
proper investigation.

13. Certification

13.1 When specified in the purchase order or contract, a
manufacturer’s or supplier’s certification shall be furnished to
the purchaser that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

13.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

14. Packaging, Marking, and Loading for Shipment

14.1 The coil mass, dimensions, and the method of packag-
ing shall be agreed upon between the manufacturer and
purchaser.

TABLE 4 Maximum Inclusion Content

NOTE 1—The surface zone is from the wire surface to1⁄3 radius deep. The core is the balance.

Zone Inclusion Type

A B C D

Thin Heavy Thin Heavy Thin Heavy Thin Heavy

Surface 1 1 1 ½ 1 1 1 ½
Core 2 1½ 2 1 2 1½ 2 1
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14.2 The size of the wire, purchaser’s order number, ASTM
specification number, heat number, and name or mark of the
manufacturer shall be marked on a tag securely attached to
each coil of wire.

14.3 Unless otherwise specified in the purchaser’s order,
packaging, marking, and loading for shipments shall be in
accordance with those procedures recommended by Practices
A 700.

14.4 For Government Procurement—Packaging, packing,
and marking of material for military procurement shall be in
accordance with the requirements of MIL-STD-163, Level A,
Level C, or commercial as specified in the contract or purchase

order. Marking for shipment of material for civil agencies shall
be in accordance with Fed. Std. No. 123.

14.5 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG Standard 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

15. Keywords

15.1 alloy; modified chromium vanadium; valve spring;
wire

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: A 887 – 89 (Reapproved 2000)

Standard Specification for
Borated Stainless Steel Plate, Sheet, and Strip for Nuclear
Application 1

This standard is issued under the fixed designation A 887; 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 chromium-nickel stainless
steel plate, sheet, and strip, modified by the addition of natural
or enriched boron, for nuclear application.

1.2 Borated stainless steels covered by this specification,
because of their particular alloy content and specialized prop-
erties, may require special care in their fabrication and weld-
ing. Specific procedures are of fundamental importance, and it
is presupposed that all parameters will be in accordance with
approved methods capable of producing the desired properties
in the finished fabrication.

1.3 The values stated in inch-pound units are to be regarded
as the standard. SI units are provided for information only.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 480/A480M Specification for General Requirements for
Flat-Rolled Stainless and Heat-Resisting Steel Plate,
Sheet, and Strip2

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 plate—material3⁄16 in. (4.8 mm) and over in thickness

and over 10 in. (250 mm) in width.
3.1.2 sheet—material under3⁄16 in. (5.0 mm) in thickness

and 24 in. (600 mm) and over in width.
3.1.3 strip—material under3⁄16 in. (5.0 mm) in thickness

and under 24 in. (600 mm) in width.

4. Ordering Information

4.1 Orders for material under this specification shall include
the information specified in the Ordering Information section
of Specification A 480/A 480M.

5. Process

5.1 If a specific type of melting is required by the purchaser,
it shall be stated on the purchase order.

5.2 When specified on the purchase order, or when a
specific type of melting has been specified on the purchase
order, the material manufacturer shall indicate on the test report
the type of melting used to produce the material.

6. Heat Treatment

6.1 The austenitic chromium-nickel steels shall be solution-
annealed to meet the mechanical property requirements of this
specification. Solution-annealing shall consist of heating the
material to a temperature of 1900°F (1040°C) minimum for an
appropriate time followed by water quenching or rapidly
cooling by other means.

7. Material Test Report

7.1 A report of the results of all tests required by this
specification and the type of melting used shall be supplied to
the purchaser.

8. Chemical Composition

8.1 The chemical analysis of representative material shall be
performed, as agreed upon between the purchaser and supplier,
to determine the percentages of the elements identified in Table
1. The chemical composition thus determined shall be reported
to the purchaser, or his representative, and shall conform to the
requirements specified in Table 1.

8.2 When a product (check or verification) analysis is
performed, the chemical composition thus determined may
vary from the specified limits by the amounts shown in Table
1, Product Analysis Tolerances, of Specification A 480/
A480M.

8.3 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

8.4 Boron determination not covered in Test Methods,
Practices, and Terminology A 751 shall be made as agreed
upon between the purchaser and the supplier.

9. Mechanical Properties

9.1 Tensile Properties—The material shall conform to the
tensile property requirements specified in Table 2.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys, and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Product.

Current edition approved November 20, 1989. Published January 1990. Origi-
nally published as A 887 – 88. Last previous edition A 887 – 88.

2 Annual Book of ASTM Standards, Vol 01.03.

1
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9.2 Hardness—The material shall conform to the hardness
requirements as specified in Table 2.

9.3 Grade—The grade of the material is defined by the
uniformity of the dispersion of the boron within the melt.
Grade A corresponds to the near-optimal dispersion, while
Grade B corresponds to a less-than-optimal dispersion of the
boron. Conventional wrought metallurgical practice conforms
to Grade B properties. The quality of the boron dispersion is
measured indirectly through the ductility requirements, as
specified in Table 2.

10. Special Tests

10.1 If any special tests are required which are pertinent to
the intended application of the material ordered, they shall be
agreed upon between the supplier and the purchaser.

10.2 Charpy V-notch impact testing is not required unless it
is specified on the purchase order. If so specified, impact
testing shall be performed in accordance with Test Methods
and Definitions A 370. The impact test results thus determined
shall be reported to the purchaser, or his representative, and
shall conform to the requirements specified in Table 3. If
subsize impact test specimens are used, the applicable require-
ments shall be agreed upon between the purchaser and the
supplier.

11. Dimensions and Permissible Variations

11.1 Unless otherwise specified in the purchase order, ma-
terial shall conform to the permissible tolerances shown in
Specification A 480/A 480M.

11.2 Sheet, Strip, and Plate—Material with No. 1 finish
may be ground to remove surface imperfections, provided such

TABLE 1 Chemical Requirements Composition A

UNS
Designation

Type Carbon Manganese Phosphorous Sulfur Silicon Chromium Nickel Boron Other
ElementsB

S30460 304B 0.08 2.00 0.045 0.030 0.75 18.00–20.00 12.00–15.00 0.20–0.29 N 0.10 max
S30461 304B1 0.08 2.00 0.045 0.030 0.75 18.00–20.00 12.00–15.00 0.30–0.49 N 0.10 max
S30462 304B2 0.08 2.00 0.045 0.030 0.75 18.00–20.00 12.00–15.00 0.50–0.74 N 0.10 max
S30463 304B3 0.08 2.00 0.045 0.030 0.75 18.00–20.00 12.00–15.00 0.75–0.99 N 0.10 max
S30464 304B4 0.08 2.00 0.045 0.030 0.75 18.00–20.00 12.00–15.00 1.00–1.24 N 0.10 max
S30465 304B5 0.08 2.00 0.045 0.030 0.75 18.00–20.00 12.00–15.00 1.25–1.49 N 0.10 max
S30466 304B6 0.08 2.00 0.045 0.030 0.75 18.00–20.00 12.00–15.00 1.50–1.74 N 0.10 max
S30467 304B7 0.08 2.00 0.045 0.030 0.75 18.00–20.00 12.00–15.00 1.75–2.25 N 0.10 max

A Maximum, unless range or minimum is indicated.
B Cobalt concentration shall be limited to 0.2 max, unless a lower concentration is agreed upon between the purchaser and the supplier.

TABLE 2 Mechanical Test Requirements

UNS
Designation

Type Grade Tensile Strength, min Yield Strength, min Elongation in 2
in. or 50 mm,

min, %

Hardness, max

ksi MPa ksi MPa Brinell Rockwell B

S30460 304B A 75 515 30 205 40.0 201 92
B 75 515 30 205 40.0 201 92

S30461 304B1 A 75 515 30 205 40.0 201 92
B 75 515 30 205 35.0 201 92

S30462 304B2 A 75 515 30 205 35.0 201 92
B 75 515 30 205 27.0 201 92

S30463 304B3 A 75 515 30 205 31.0 201 92
B 75 515 30 205 19.0 201 92

S30464 304B4 A 75 515 30 205 27.0 217 95
B 75 515 30 205 16.0 217 95

S30465 304B5 A 75 515 30 205 24.0 217 95
B 75 515 30 205 13.0 217 95

S30466 304B6 A 75 515 30 205 20.0 241 100
B 75 515 30 205 9.0 241 100

S30467 304B7 A 75 515 30 205 17.0 241 100
B 75 515 30 205 6.0 241 100

TABLE 3 Impact Test Requirements

Type Grade Charpy V-Notch Energy,
ft-lb (J), min

304B A 65 (88)
B 40 (54)

304B1 A 60 (81)
B 35 (47)

304B2 A 48 (65)
B 16 (22)

304B3 A 38 (52)
B 10 (14)

304B4 A 30 (41)
B . . .

304B5 A 23 (31)
B . . .

304B6 A 16 (22)
B . . .

304B7 A 10 (14)
B . . .
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grinding does not reduce the thickness or width at any point
beyond the permissible variations in dimensions.

12. Workmanship, Finish, and Appearance

12.1 The material shall be uniform quality consistent with
good manufacturing and inspection practices. The steel shall
have no imperfections of a nature or degree, for the type and
quality ordered, that will adversely affect the stamping, form-
ing, machining, or fabrication of finished parts.

13. General Requirements for Delivery

13.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification A 480/A 480M. In case of conflict, the require-
ments of this specification shall prevail.

14. Number of Tests

14.1 In the case of sheet or strip produced in coil form, two
or more hardness tests (one from each end of the coil); one
impact test, when required; and one or more tension tests shall
be made on specimens taken from each coil. If the hardness
difference between the two ends of the coil exceeds 5 HRB, or
equivalent, tensile properties must be determined on both ends.

14.2 In the case of sheet, strip, or plate produced in cut
lengths, one tension test; one impact test, when required; and
one or more hardness tests shall be made on each 100 or less
pieces of the same heat and nominal thickness rolled separately
or continuously and heat treated within the same operating
period, either as a lot or continuously.

NOTE 1—The term “continuously,’’ as applied to heat treatment, is
meant to describe a heat-treating operation in which one cut length follows
another through the furnace. Interspersement of different melts is permis-
sible if they are of approximately the same nominal thickness and are heat
treated in the same operating period and under the same conditions (time
and temperature), provided that each heat is tested.

15. Specimen Preparation

15.1 Tension-test specimens shall be taken from finished
material and shall be selected either in the longitudinal or
transverse direction. The tension-test specimen shall conform
to the appropriate Sections, (Plate-Type Specimen, Sheet-Type
Specimen, and Round Specimens) of Test Methods and Defi-
nitions A 370.

NOTE 2—For plate material up to and including3⁄4 in. (19.05 mm) thick,
the sheet-type tension specimen described in the Sheet-Type Specimen
section (Figure relating to rectangular tension test specimens), of Test
Methods and Definitions A 370 is also permitted.

15.2 Notched-bar impact test specimens shall be taken from
finished material. Full-size (10 by 10 mm) Type A specimens
shall be used when the material thickness permits. When the
material thickness is insufficient to obtain full-size specimens,
subsize specimens shall be used. The subsize specimens may
have a width of full material thickness or may be reduced in
thickness to provide the largest possible standard subsize
specimen listed in Test Methods and Definitions A 370. Alter-
native specimens may be used, in place of the subsize
specimens, as agreed upon between the purchaser and the
supplier.

15.3 Hardness tests may be made on the grip ends of the
tensions test specimens before they are subjected to the tension
test.

16. Test Methods

16.1 The properties enumerated in this specification shall be
determined in accordance with methods as specified in Speci-
fication A 480/A 480M.

16.2 Retests may be made in accordance with the provisions
of the section on General Precautions of Test Methods and
Definitions A 370.

17. Retreatment

17.1 If any specimens selected to represent any heat fail to
meet any of the test requirements, the material represented by
such specimens may be reheat-treated and resubmitted for test.

18. Inspection

18.1 In addition to inspection performed by the supplier,
inspection of the material by the purchaser’s representative at
the producing plant shall be made as agreed upon between the
purchaser and supplier as part of the purchase order.

19. Rejection and Rehearing

19.1 Samples tested by the purchaser in accordance with
this specification that represent rejected material shall be
retained for 3 weeks from the date of the notification to the
seller of the rejection. In case of dissatisfaction with the results
of the tests, the seller may make claim for a rehearing within
that time.

20. Certification

20.1 The producer’s certification that the material was
manufactured and tested in accordance with this specification,
together with the report of the test results, shall be furnished at
the time of shipment.

21. Product Marking

21.1 Each sheet, strip, or plate shall be marked on one face,
in the locations indicated below with the designation number
and its suffix, type, test identification number, and the name or
mark of the manufacturer. The characters shall be of such size
as to be clearly legible. The marking shall be sufficiently stable
to withstand normal handling. Unless otherwise specified by
the purchaser, the marking, at the producer’s option, may be
done with: (a) marking fluid (if a specific maximum impurity
limit of designated elements in the marking fluid is required by
the purchaser, it shall be so stated on the purchase order), (b)
low-stress blunt-nosed-continuous or low-stress blunt-nosed-
interrupted-dot die stamp, (c), a vibratory tool with a minimum
tip radius of 0.005 in. (0.1 mm), or (d) electrochemical etching.

21.1.1 Flat sheet, strip in cut lengths, and plate shall be
marked in two places near the ends.

21.1.2 Sheet and strip in coils shall be marked near the
outside end of the coil. The inside of the coil shall also be
marked or shall have a tag or label attached and marked with
the information of 21.1.

21.1.3 Material less than1⁄4 in. (6.4 mm) in thickness shall
not be marked with die stamps.
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21.2 The manufacturer’s test identification number shall be
legibly stamped on each test specimen, if to be shipped to the
customer.

21.3 Marking for identification for U.S. Government pro-
curement shall be in accordance with Specification A 480/
A 480M.

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: A 895 – 89 (Reapproved 2000)

Standard Specification for
Free-Machining Stainless Steel Plate, Sheet, and Strip 1

This standard is issued under the fixed designation A 895; 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 hot-finished or cold-finished
plate, sheet, and strip in the more commonly used types of
stainless free machining steels designed especially for opti-
mum machinability and for general corrosion and high tem-
perature service. Stainless and heat resisting plate, sheet, and
strip other than free machining types are covered in separate
specifications.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 480/A480M Specification for General Requirements for
Flat-Rolled Stainless and Heat-Resisting Steel Plate,
Sheet, and Strip2

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

E 527 Practice for Numbering Metals and Alloys3

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 plate—material3⁄16 in. (4.8 mm) and over in thickness

and over 10 in. (250 mm) in width.
3.1.2 sheet—material under3⁄16 in. (5.0 mm) in thickness

and 24 in. (600 mm) and over in width.
3.1.3 strip—material under3⁄16 in. (5.0 mm) in thickness

and under 24 in. (600 mm) in width.

4. Process

4.1 The steel shall be made by one or more of the following
processes: electric-arc, electric-induction, or other suitable
commercial processes.

4.2 Plate, sheet, and strip may be furnished in one of the
conditions listed in Table 1.

5. Ordering Information

5.1 Orders for material under this specification should
include the following information:

5.1.1 Quantity (weight or number of pieces),
5.1.2 Type or UNS designation (Table 2),
5.1.3 Form (Plate, Sheet or Strip),
5.1.4 Condition (Table 2),
5.1.5 Finish (9.2),
5.1.6 Dimensions (thickness, width, and length),
5.1.7 Edge, strip only (see Specification A 480/A 480M),
5.1.8 ASTM designation and date of issue,
5.1.9 Additions to specification or special requirements,
5.1.10 Preparation for delivery, and
5.1.11 Marking requirements.

6. Chemical Composition

6.1 The chemical composition shall conform to the require-
ments specified in Table 2.

6.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

7. Hardness Requirement

7.1 The material shall conform to the hardness requirements
as specified in Table 3.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat Stainless Steel Products.

Current edition approved Dec. 7, 1989. Published February 1990.
2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.01.

TABLE 1 Condition

Type
Condition A
(Annealed)

Condition T
(Intermediate

Temper)

Condition H (Hard
Temper)

303 A . . . . . .
303Se A . . . . . .
416 A T H
416Se A T H
420F A . . . . . .
420FSe A T . . .
430F A . . . . . .
430FSe A . . . . . .

1
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7.2 The hardness test shall be determined in accordance
with Test Methods and Definitions A 370.

8. General Requirements for Delivery

8.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification A 480/A 480M. In case of conflict, the require-
ments of this specification shall prevail.

9. Workmanship, Finish, and Appearance

9.1 The material shall be of uniform quality consistent with
good manufacturing and inspection practices. The steel quality
shall be satisfactory for the production or fabrication of
finished parts.

NOTE 1—Free-machining stainless steels may not equal the quality of
non-free-machining stainless steels because of the inclusions present to
impart free-machining.

9.2 Plates and sheets may be ground to remove surface
defects, provided such grinding does not reduce the thickness
or width at any point beyond the allowable dimensional
tolerances. An iron-free abrasive wheel shall be used for such

grinding and shall be operated at a speed ample to ensure that
defective areas are cleanly cut out.

10. Product Marking

10.1 Each sheet, strip, or plate shall be marked on one face,
in the locations indicated below with the designation number
and its suffix, type, heat number, and the name or mark of the
manufacturer. The characters shall be of such size as to be
clearly legible. The marking shall be sufficiently stable to
withstand normal handling. Unless otherwise specified by the
purchaser, the marking, at the producer’s option, may be done
with: (a) marking fluid,(b) low-stress blunt-nosed-continuous
or low-stress blunt-nosed-interrupted-dot die stamp,(c) a
vibratory tool with a minimum tip radius of 0.005 in. (0.01
mm), or (d) electrochemical etching.

10.1.1 Flat sheet, strip in cut lengths, and plate shall be
marked in two places near the ends or may be continuously line
marked along one edge.

10.1.2 Sheet and strip in coils shall be marked near the
outside end of the coil. The inside of the coil shall also be
marked or shall have a tag or label attached and marked with
the information in 10.1. Alternatively, the coils may be
continuously line marked.

10.1.3 Material less than1⁄4 in. (6.4 mm) in thickness shall
not be marked with die stamps.

10.2 Marking for identification for U.S. Government pro-
curement shall be in accordance with Specification
A 480/A 480M.

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 Chemical Requirements

UNS
DesignationA

Chemical Composition, %

Type CarbonB Manganese,
max

Phosphorus,
max

SulfurB Silicon, max Chromium Nickel Other Elements

S30300 303 0.15 2.00 0.20 0.15 min 1.00 17.00–19.00 8.00–10.00 . . .
S30323 303Se 0.15 2.00 0.20 0.06 1.00 17.00–19.00 8.00–10.00 Se 0.15 min
S41600 416 0.15 1.25 0.06 0.15 min 1.00 12.00–14.00 . . . . . .
S41623 416Se 0.15 1.25 0.06 0.06 1.00 12.00–14.00 . . . Se 0.15 min
S42020 420F 0.30–0.40 1.25 0.06 0.15 min 1.00 12.00–14.00 0.50C Cu 0.60 maxC

S42023 420FSe 0.20–0.40 1.25 0.06 0.06 1.00 12.00–14.00 0.50C Cu 0.60 maxC

Se 0.15 min
S43020 430F 0.12 1.25 0.06 0.15 min 1.00 16.00–18.00 . . . . . .
S43023 430FSe 0.12 1.25 0.06 0.06 1.00 16.00–18.00 . . . Se 0.15 min

A New designation established in accordance with ASTM Practice E 527 and SAE J 1086, Practice for Numbering Metals and Alloys (UNS).
B Maximum unless otherwise noted.
C At manufacturer’s option, reported only when intentionally added.

TABLE 3 Mechanical Test Requirements

Types Condition Hardness (HBN)

303, 303Se A 202 max
All (except 303, 303Se) A 262 max
416, 416Se and 420FSe T 248 to 302
416 and 416Se H 293 to 352
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Designation: A 899 – 91 (Reapproved 2002)

Standard Specification for
Steel Wire, Epoxy-Coated 1

This standard is issued under the fixed designation A 899; 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 steel wire in the size range of
0.120 to 0.500 in. (3.05 to 12.7 mm) with three classes of
protective epoxy coating, in coils, for general use. Class A
coating is intended for use for moderate corrosion protection,
Class B coating for more severe protection, and Class C for
severe corrosion and abrasion protection.

NOTE 1—The coating applicator is identified throughout this specifica-
tion as the manufacturer.

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:
A 510 Specification for General Requirements for Wire

Rods and Coarse Round Wire, Carbon Steel2

A 775/A775M Specification for Epoxy-Coated Reinforcing
Steel Bars3

A 853 Specification for Steel Wire, Carbon, for General
Use2

G 12 Test Method for Nondestructive Measurement of Film
Thickness of Pipeline Coatings on Steel4

3. Ordering Information

3.1 The purchaser shall specify the following:
3.1.1 Wire size (the nominal diameter of the coated wire),
3.1.2 Quantity,
3.1.3 Class of coating, and
3.1.4 Method of packaging, such as, coils, coils on steel

reels, etc.
3.2 The purchaser may specify the following if desired:
3.2.1 Requirements for certification (see 14.1),
3.2.2 Requirements for patching material (see 4.3),

3.2.3 Specific requirements for test frequency (see 8.1), and
3.2.4 Requirements for outside inspection of manufacturing

plant.

NOTE 2—A typical ordering description for wire is as follows: 40 000
lb of epoxy coated wire, ASTM A 853, 0.148 in. diameter, Grade 1018
with a Class A epoxy coating in 1000 lb coils on steel reels to ASTM
A 899.

4. Materials and Manufacture

4.1 Steel wire to be coated shall meet the requirements of
the purchaser or the requirements of an applicable general wire
specification such as Specification A 510 and Specification
A 853, and shall be free of surface contaminants such as oil,
grease, or paint when received at the manufacturer’s plant and
prior to cleaning and coating.

4.2 The coating material shall meet the requirements listed
in Annex A1 of Specification A 775/A 775M.

4.2.1 If specified in the order, a written certification shall be
furnished to the purchaser that properly identifies the number
of each batch of coating material used in the order, material,
quantity represented, date of manufacture, name and address of
manufacturer, and a statement that the supplied coating mate-
rial meets the requirements of Annex A1 of Specification
A 775/A 775M.

4.3 If specified in the order, patching material, compatible
with the coating material and meeting the requirements of
Annex A1 of Specification A 775/A 775M shall be supplied to
the purchaser.

5. Surface Preparation

5.1 The surface of the steel wire to be coated shall be
cleaned by abrasive blast cleaning or chemical cleaning prior to
coating to ensure proper adherence of the epoxy to the steel
surface.

5.2 Prior to abrasive blast cleaning, the surface of the wire
to be coated may be cleaned in an aqueous solution to remove
residual wire drawing lubricants.

6. Application of Coating

6.1 The coating shall be applied to the cleaned surface as
soon as possible after cleaning, and before oxidation of the
surface discernible to the unaided eye occurs.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved Dec. 15, 1991. Published February 1992. Originally
published as A 899 – 90. Last previous edition A 899 – 90.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.04.
4 Annual Book of ASTM Standards, Vol 06.02.
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6.2 The coating shall be applied and properly cured in
accordance with the recommendations of the manufacturer of
the coating material to satisfy the product requirements.

7. Requirements for Coated Wire

7.1 Thickness of Coating:
7.1.1 Class A—The film thickness of the coating after

curing shall be 5 mils minimum (0.13 mm).
7.1.2 Class B—The film thickness of the coating after

curing shall be 10 mils minimum (0.25 mm).
7.1.3 Class C—The film thickness of the coating after

curing shall be 20 mils minimum (0.51 mm).
7.1.4 The thickness of the coating film shall be measured in

accordance with Test Method G 12, or other thickness-
measuring methods acceptable to the purchaser. For accep-
tance, 90 % of these measurements shall be within the specified
limits. The five recommendations contained in A 1.3.4.1 in
Annex A 1 of Specification A 775/A 775M apply when the
coating thickness is measured as follows:

7.1.4.1 In accordance with Test Method G 12, and
7.1.4.2 With commercially available pull-off gages and

fixed probe gages having a magnetic field of vision not
exceeding 0.015 in. (0.38 mm) of steel depth.

7.2 Continuity of Coating:
7.2.1 After curing, the coating shall be free of holes, voids,

cracks, and damaged areas discernible to the unaided eye.
7.2.2 There shall not be more than an average of one

holiday, (pinholes not discernible to the unaided eye) per linear
foot (3 holidays per linear metre) of wire.

7.2.3 Holiday checks to determine acceptability of the wire
shall be made at the manufacturer’s plant with a 67.5 V d-c
holiday detector.

7.3 Adherence of Coating:
7.3.1 The epoxy coated wire shall be capable of being

wrapped in a closed helix at a rate not exceeding 15 turns per
minute around a cylindrical steel mandrel having a diameter of
two times the wire diameter being tested.

7.3.2 No cracking or disbonding of the coating from the
wrap test of 7.3.1 shall be visible to the unaided eye. Except as
specified in 9.1, evidence of cracking or disbonding of the
coating shall be considered cause for rejection of the coated
wire represented by the wrap test sample.

7.4 Mechanical Tests—All specified mechanical tests shall
be made on the coated wire with the tensile strength based
upon the diameter of the uncoated steel core wire. When tensile
testing, portions of the coating may be removed for ease of
gripping specimen in the tensile testing machine.

7.5 Size Tolerance:
7.5.1 The coated wire shall have a size tolerance of plus or

minus 0.004 in. (0.10 mm) maximum from the ordered
nominal diameter.

7.5.2 The uncoated wire intended for epoxy coating shall be
produced to a size tolerance that will allow the epoxy coated
wire to meet the tolerances of 7.5.1. However in no case will
the size tolerance of the uncoated wire be required to be more
restrictive than one-half the values of permissible variation in
diameter of Table 3of Specification A 510.

7.6 Place of Testing—Tests for coating of steel wire shall be
done at the manufacturer’s plant prior to shipment.

7.7 Time of Testing—All requirements for coated wire shall
be met at the manufacturer’s plant prior to shipment.

8. Number of Tests

8.1 The purchaser may specify the sampling and test sched-
ule for the number and frequency of tests for thickness of
coating, adhesion of coating, and continuity of coating.

8.2 If the number and frequency of tests are not specified by
the purchaser:

8.2.1 Tests for thickness of coating and continuity of coating
shall be made on each size of wire coated during each
production hour.

8.2.2 Bend tests for adhesion of coating shall be conducted
on at least one wire of each size from each production shift.

9. Retests

9.1 If the specimen for coating thickness or adhesion of
coating fails to meet the specified requirements, two retests on
random samples shall be conducted for each failed test. If the
results of both retests meet the specified requirements, the
coated material represented by the samples shall be accepted.

10. Handling and Identification

10.1 All systems for handling coated wire shall have padded
contact areas. Suitable banding shall be used to prevent
damage to the coating.

10.2 The identification of all wire shall be maintained
throughout the coating process to the point of shipment.

11. Inspection

11.1 The inspector representing the purchaser shall have
free entry, at all times while work on the contract of the
purchaser is being performed, to all parts of the manufacturer’s
works that concern the manufacturer of the material ordered.
The manufacturer shall afford the inspector all reasonable
facilities to satisfy that the material is being furnished in
accordance with 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 unnecessarily with the operation of the works.

12. Permissible Coating Damage Due to Handling and
Processing

12.1 All damaged areas of each wire shall be repaired with
patching material.

12.2 The maximum amount of damage shall not exceed 1 %
of the surface area per linear foot (300 mm) of each wire.

12.3 Patching shall be done in accordance with the patching
material manufacturer’s recommendation.

13. Rejection and Rehearing

13.1 Coated steel wire represented by test samples that do
not meet the requirements of this specification shall be re-
jected. At the manufacturer’s option, such wire shall be
replaced or, alternatively, may be stripped of coating, re-
cleaned, recoated, and resubmitted for acceptance testing in
accordance with the requirements of this specification.
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14. Certification

14.1 Upon request of the purchaser, the manufacturer shall
furnish, at the time of shipment, written certification that the
coated steel wire meets the requirements of this specification
and a copy of the manufacturer’s quality control tests.

14.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

15. Keywords

15.1 epoxy coated; wire

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: A 905 – 93 (Reapproved 1998)

Standard Specification for
Steel Wire, Pressure Vessel Winding 1

This standard is issued under the fixed designation A 905; 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 requirements for a high
strength drawn and cold rolled steel wire in two strength
classes, with rectangular cross section, and round mill edge.
This wire is intended for prestressed vessel and press frame
windings.

1.2 The values stated in either inch-pound units or SI
(metric) units are to be regarded separately as standards.
Within the text and tables, the SI units are shown in parenthe-
ses. The values stated in each system are not exact equivalents.
Therefore, each system must be used independent of the other.
Combining values from the two systems may result in noncon-
formance with the specification.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

A 510 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel2

A 510M Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel [Metric]2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

E 30 Methods for Chemical Analysis of Steel, Cast Iron,
Open-Hearth Iron and Wrought Iron4

E 309 Practice for Eddy-Current Examination of Steel Tu-
bular Products Using Magnetic Saturation5

2.2 Military Standard:
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage6

2.3 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)6

2.4 AIAG Standard:

AIAGB-5 02.00 Primary Metals Identification Tag Applica-
tion Standard7

3. Ordering Information

3.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification A 510 or A 510M.

3.2 Orders for material under this specification shall include
the following information for each ordered item.

3.2.1 Quantity (mass),
3.2.2 Name of material,
3.2.3 Dimensions (see Section 7),
3.2.4 Finish (see Section8),
3.2.5 Packaging (see Section 11),
3.2.6 Heat analysis report (see 5.2),
3.2.7 Number of certification and test reports required,
3.2.8 ASTM designation and year of issue, and
3.2.9 Supplementary requirements, if any.

4. Material and Manufacture

4.1 The steel shall be produced by any of the following
primary processes: (1) basic oxygen, and (2) electric furnace or
vacuum induction (VIM). The primary melting may incorpo-
rate separate degassing or refining and may be followed by
secondary melting by the electrode slag process (ESR) or the
vacuum arc remelting process (VAR).

4.1.1 The steel may be ingot cast or continuously cast.
4.2 The finished wire shall be free from detrimental pipe

and undue segregation.
4.3 The wire shall be cold drawn or cold rolled, or both, to

produce the desired mechanical properties and dimensions
after subjecting it to the patenting treatment.

4.4 The width to thickness ratio of the wire cross section
shall not exceed 8.

5. Chemical Composition

5.1 The steel shall conform to the requirements for chemical
composition prescribed in Table 1.

5.2 Heat Analysis—Each heat of steel shall be analyzed by
the manufacturer to determine the percentage of elements
prescribed in Table 1. This analysis shall be made from a test

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved July 15, 1993. Published September 1993. Originally
published as A 905 – 91. Last previous edition A 905 – 91.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 03.03.
6 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

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

7 Available from the Automotive Industry Action Group, 26200 Lahser, Suite
200, Southfield, MI 48034.
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specimen preferably taken during the pouring of the heat.
When requested, this shall be reported to the purchaser and
shall conform to the requirements of Table 1.

5.3 Heat Number Assignment for Sequentially Strand Cast
Material—When heats of the same chemical composition are
sequentially strand cast, the heat number assigned to the cast
product may remain unchanged until all of the steel in the
product is from the following heat.

5.4 Product Analysis—An analysis may be made by the
purchaser from finished wire representing each heat of steel.
The chemical composition thus determined, as to elements
required or restricted, shall conform to the product analysis
requirements specified in Table 10 of Specification A 510 or
A 510M.

5.5 For referee purposes, Methods E 30 shall be used.

6. Mechanical Requirements

6.1 Tension Test.
6.1.1 Requirements—The material as represented by tension

test specimens shall conform to the requirements prescribed in
Table 2.

6.1.2 Number of Tests—One test specimen shall be taken
from each end of every coil.

6.1.3 Test Method—The tension test shall be made in
accordance with Test Methods A 370, except that the lengthL
for evaluation of the elongation shall be calculated from the
following formula:

L 5 11.3=W·T

where
W = width of the wire, and
T = thickness of the wire.

The length L shall be used to calculate the permanent
elongation. The distance between the gage marks shall be
measured to the nearest 0.004 in. (0.1 mm). Determine tensile
properties and permanent elongation as described in Test
Methods A 370.

6.1.4 Retest—If any test specimen exhibits obvious discon-
tinuity, it may be discarded and another specimen substituted.

7. Dimensions and Permissible Variations

7.1 The permissible variations in dimensions of the wire
shall be as specified in Table 3, unless otherwise specified in
the ordering information.

8. Workmanship, Finish, and Appearance

8.1 The wire shall be free of detrimental surface imperfec-
tions, tangles and sharp kinks.

8.2 The wire shall conform to the dimensions, tolerances,
and finish specified on the order or drawing. Welds are not
permitted.

8.3 When required, non-destructive examination shall be
carried out in accordance with Supplementary Requirement S1.

8.4 The wire as received shall be smooth and substantially
free from rust. No detrimental die marks or scratches may be
present.

9. Inspection

9.1 All tests and inspections shall be made at the place of
manufacture unless otherwise agreed upon, and shall not
interfere unnecessarily with the manufacturer’s operations. The
manufacturer shall afford the purchaser’s inspector all reason-
able facilities necessary to satisfy him that the material is being
produced and furnished in accordance with this specification.

10. Certification and Reports

10.1 The manufacturer shall furnish the required number,
from the purchase order, of test reports to the purchaser. The
following items shall be reported.

10.1.1 Heat number,
10.1.2 Heat chemical analysis,
10.1.3 Result of test of tensile properties,
10.1.4 Reports of non-destructive tests, if required (S.1),

and
10.1.5 ASTM specification number, year of issue and revi-

sion letter, if any.

11. Packaging, Marking, and Loading for Shipment

11.1 The coil, reel or spool mass, dimensions, and the
method of packaging shall be agreed upon between the
manufacturer and purchaser.

11.2 The size of the wire, purchaser’s order number, ASTM
specification number, and name or mark of the manufacturer
shall be marked on a tag securely attached to each coil, reel, or
spool of wire.

TABLE 1 Chemical Requirements

Element Composition %

Carbon 0.80–0.95
Manganese 0.30–0.60
Phosphorus 0.025
Sulphur, max 0.020
Silicon 0.10–0.30

TABLE 2 Tensile Requirements

ThicknessA

in. (mm)
Tensile strength

min. ksi
(MPa)

Yield strength
min. ksi
(MPa)

Elongation
min %

Class 1 Class 2 Class 1 Class 2 Class 1 Class 2
0.020 (051) 296 (2045) 268 (1850) 260 (1795) 232 (1600) 4.0 5.0
0.030 (0.76) 290 (2000) 262 (1810) 255 (1760) 226 (1560) 4.0 5.0
0.040 (1.02) 285 (1965) 256 (1770) 250 (1725) 221 (1525) 4.0 5.0
0.051 (1.30) 280 (1930) 250 (1725) 243 (1680) 214 (1480) 4.0 5.0
0.059 (1.50) 275 (1900) 246 (1700) 239 (1650) 210 (1450) 4.0 5.0

A Tensile requirement values for intermediate thickness may be interpolated.

TABLE 3 Permissible Variations in Dimensions

Thickness in. (mm) Permissible Variation, 6 in. (mm)
0.02 to 0.03 (0.51 to 0.76), incl 0.0004 (0.01)
Over 0.03 to 0.04 (0.76 to 1.02), incl 0.0008 (0.02)
Over 0.04 to 0.06 (1.02 to 1.52), incl 0.0012 (0.03)

Width in. (mm) Permissible Variation, 6 in. (mm)
0.08 to 0.16 (2.03 to 4.06), incl 0.0016 (0.04)
Over 0.16 to 0.24 (4.06 to 6.10), incl 0.0024 (0.06)
Over 0.24 to 0.48 (6.10 to 12.2), incl 0.0040 (0.10)
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11.3 Unless otherwise specified in the purchaser’s order,
packaging, marking, and loading for shipments shall be in
accordance with those procedures recommended by Practices
A 700.

11.4 For Government Procurement—Packaging, packing,
and marking of material for military procurement shall be in
accordance with the requirements of MIL-STD-163, Level A,
Level C, or commercial as specified in the contract or purchase
order. Marking for shipment of material for civil agencies shall
be in accordance with Fed. Std. No. 123.

11.5 Bar Coding—In addition to the previously-stated iden-
tification requirements, bar coding is acceptable as a supple-
mentary identification method. Bar coding should be consistent
with AIAG Standard 02.00, Primary Metals Identification Tag
Application. The bar code may be applied to a substantially
affixed tag.

12. Keywords

12.1 pressure vessel; winding; wire

SUPPLEMENTARY REQUIREMENTS

Supplementary requirements to this specification shall only apply to a product specification when
specified by the purchaser in his inquiry, contract or order. Details of the supplementary requirements
shall be agreed upon in writing between the manufacturer and purchaser.

S1. Surface Examination

S1.1 The surface of the wire shall be examined by the eddy
current method in accordance with Practice E 309. The accep-
tance criteria shall be mutally agreed upon by the purchaser

and manufacturer.

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: A 923 – 03

Standard Test Methods for
Detecting Detrimental Intermetallic Phase in Duplex
Austenitic/Ferritic Stainless Steels 1

This standard is issued under the fixed designation A 923; 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 The purpose of these test methods is to allow detection
of the presence of intermetallic phases in duplex stainless steels
to the extent that toughness or corrosion resistance is affected
significantly. These test methods will not necessarily detect
losses of toughness or corrosion resistance attributable to other
causes.

1.2 Duplex (austenitic-ferritic) stainless steels are suscep-
tible to the formation of intermetallic compounds during
exposures in the temperature range from approximately 600 to
1750°F (320 to 955°C). The speed of these precipitation
reactions is a function of composition and thermal or thermo-
mechanical history of each individual piece. The presence of
these phases is detrimental to toughness and corrosion resis-
tance.

1.3 Correct heat treatment of duplex stainless steels can
eliminate these detrimental phases. Rapid cooling of the
product provides the maximum resistance to formation of
detrimental phases by subsequent thermal exposures.

1.4 Compliance with the chemical and mechanical require-
ments for the applicable product specification does not neces-
sarily indicate the absence of detrimental phases in the product.

1.5 These test methods include the following:
1.5.1 Test Method A—Sodium Hydroxide Etch Test for

Classification of Etch Structures of Duplex Stainless Steels
(Sections 3-7).

1.5.2 Test Method B—Charpy Impact Test for Classification
of Structures of Duplex Stainless Steels (Sections 8-13).

1.5.3 Test Method C—Ferric Chloride Corrosion Test for
Classification of Structures of Duplex Stainless Steels (Sec-
tions 14-20).

1.6 The presence of detrimental intermetallic phases is
readily detected in all three tests, provided that a sample of
appropriate location and orientation is selected. Because the
occurrence of intermetallic phases is a function of temperature
and cooling rate, it is essential that the tests be applied to the
region of the material experiencing the conditions most likely

to promote the formation of an intermetallic phase. In the case
of common heat treatment, this region will be that which
cooled most slowly. Except for rapidly cooled material, it may
be necessary to sample from a location determined to be the
most slowly cooled for the material piece to be characterized.

1.7 The tests do not determine the precise nature of the
detrimental phase but rather the presence or absence of an
intermetallic phase to the extent that it is detrimental to the
toughness and corrosion resistance of the material.

1.8 Examples of the correlation of thermal exposures, the
occurrence of intermetallic phases, and the degradation of
toughness and corrosion resistance are given in Appendix X1
and Appendix X2.

1.9 The values stated in either inch-pound or SI units are to
be regarded as the standard. The values given in parentheses
are for information only.

1.10 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 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

G 48 Test Methods for Pitting and Crevice Corrosion Re-
sistance of Stainless Steels and Related Alloys by Use of
Ferric Chloride Solution3

TEST METHOD A—SODIUM HYDROXIDE ETCH
TEST FOR CLASSIFICATION OF ETCH

STRUCTURES OF DUPLEX STAINLESS STEELS

3. Scope

3.1 The sodium hydroxide etch test may be used for the
acceptance of material but not for rejection. This test method
may be used with other evaluation tests to provide a rapid
method for identifying those specimens that are free of
detrimental intermetallic phases as measured in these other
tests.1 These test methods are under the jurisdiction of ASTM Committee A01 on

Steel, Stainless Steel, and Related Alloys and are the direct responsibility of
Subcommittee A01.14 on Methods of Corrosion Testing.

Current edition approved Oct. 1, 2003. Published October 2003. Originally
approved in 1994. Last previous edition approved in 2001 as A 923–01e1.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 03.02.

1

*A Summary of Changes section appears at the end of this standard.
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3.2 The sodium hydroxide etch test may be used to screen
specimens intended for testing in Test Method B, Charpy
Impact Test for Classification of Structures of Duplex Stainless
Steels, and in Test Method C, Ferric Chloride Corrosion Test
for Classification of Structures of Duplex Stainless Steels.

3.3 Reference photomicrographs are provided to show clas-
sifications of etch structures of a particular stainless steel type
that are equivalent to acceptable or to possibly unacceptable
performance for each practice. When Test Method A is used as
a screening test for Test Method B or Test Method C,
specimens having acceptable etch structures need not be
subjected to Test Method B or Test Method C.

3.4 Table 1 indicates the applicability and acceptance crite-
ria for Test Method A. When Test Method A is specified as an
acceptance test, specimens having other than acceptable etch
structures may, at the option of the producer, be tested by Test
Method B or Test Method C.

3.5 The steel shall be tested in the final solution heat treated
condition or such other conditions as are agreed upon between
the producer and the user.

4. Apparatus

4.1 Source of Direct Current—Battery, generator, or recti-
fier capable of supplying approximately 15 V and 20 A.

4.2 Ammeter—Range from 0 to 30 A (see Note 1).
4.3 Variable Resistance(see Note 1).
4.4 Cathode—A cylindrical piece of conductive metal.
4.5 Large Electric Clamp, to hold the specimen to be

etched.
4.6 Metallurgical Microscope, for examination of etched

microstructures to 400 to 500 diameters.
4.7 Electrodes of the Etching Cell—The specimen to be

etched is made the anode, and a cylindrical piece of metal as
large as the specimen to be etched is made the cathode.

4.8 Electrolyte, sodium hydroxide (NaOH), reagent grade.

NOTE 1—The variable resistance and ammeter are placed in the circuit
to measure and control the current on the specimen to be etched.

5. Preparation of Test Specimens

5.1 For mill products, examination shall be made on a
longitudinal or transverse section. For cast products, examina-
tion shall be made on a separately cast test coupon which was
heat treated in the same furnace load as the casting it
represents. Unless otherwise specified, selection of the test
coupon size shall be at the discretion of the producer. Because
high temperature or mechanical deformation associated with
particular cutting processes may alter the structure of the steel,

the cutting of the test specimen should be by a technique that
prevents these effects. Alternatively, after the specimens are
cut, any material that may have been affected by high tempera-
ture or deformation associated with the cutting should be
removed by machining or wet grinding prior to testing.

5.2 For mill products, the specimen should allow for a
survey across the full thickness of the section or, in the case of
a heavy section, a survey from one surface through the
mid-thickness of the section. The specimen shall include the
mid-thickness.

5.3 For cast materials, the specimen shall be taken at
approximately 1/4T.

5.4 Polishing—On all materials, cross-sectional surfaces
should be polished to a metallographic finish suitable for
examination at 4003 after etching. Specimens containing
welds should include base metal, weld heat–affected zone, and
weld metal. The area to be etched may be prepared by grinding
to an 80- or 120-grit finish on a grinding belt or wheel without
excessive heating and then by polishing on successively finer
emery papers, No. 1,1⁄2 , 1⁄0 , 2⁄0 , 3⁄0 , and finer. Other methods
of polishing may be acceptable.

5.5 Etching Solution—The solution for etching is prepared
by adding 40 g of reagent grade sodium hydroxide (NaOH) to
100 g of distilled water.

5.6 Etching Conditions—The polished specimen should be
etched at approximately 1 to 3 V dc, for 5 to 60 s (see Note 2).

NOTE 2—When etching is performed at 1 to 3 V dc with a platinum
cathode for 5 to 60 s, any intermetallic phase is revealed by yellow, then
brown, staining, followed by staining of the ferrite.

5.7 Rinsing—Following etching, the specimen should be
rinsed thoroughly in hot water and in acetone or alcohol,
followed by air drying.

6. Classification of Etch Structures

6.1 The etched surface shall be examined on a metallurgical
microscope at 400 to 5003.

6.2 The etched cross-sectional areas should be examined
thoroughly by complete traverse of the full sample and across
all zones such as weld metal, weld-affected zones, and base
metal on specimens containing welds.

6.3 The etch structures are classified into the following
types:

6.3.1 Unaffected Structure(Fig. 1, Fig. 2)—The ferrite has
been etched without revelation of intermetallic phase. The
interphase boundaries are smooth.

6.3.2 Possibly Affected Structure(Fig. 3, Fig. 4)—The
ferrite has been etched with isolated indications of possible
intermetallic phase. The interphase boundaries may show a fine
waviness.

6.3.3 Affected Structure(Fig. 5, Fig. 6)—The indications of
an intermetallic phase are readily revealed before or simulta-
neously with the staining of the ferrite during etching.

6.3.4 Centerline Structure(Fig. 7)—An intermetallic phase
is observed as a continuous or semi-continuous phase in the
mid-thickness region of the product, with or without the
affected structure outside of the mid-thickness region, indica-
tive of segregation.

TABLE 1 Applicability and Acceptance Criteria for
Test Method A

Grade Acceptable
Etch Structure

Nonacceptable
Etch Structure

S31803,
S32205,
S32750, J92205

unaffected
structure (Fig. 1,
Fig. 2)

possibly affected
structure (Fig. 3,
Fig. 4)
affected structure
(Fig. 5, Fig. 6)
centerline structure
(Fig. 7)
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7. Interpretation and Use of the Etch Structure
Classifications

7.1 When Test Method A is used as a screening test, the use
of these etch structures depends on the test method for which
the specimens are being screened. Important characteristics of
each of the test methods are described as follows.

7.2 Test Method B—The Charpy impact test detects reduc-
tions in toughness from that of the optimal composition and
processing. Such reductions may be attributable to intermetal-
lic phases or to other causes not necessarily detectable by Test
Method A. Test Method B is applicable to S31803, S32205,
and J92205. A Possibly Affected Structure is likely to be
associated with a loss of Charpy impact toughness ranging
from slight to severe. An Affected Structure is associated with
a severe loss of Charpy impact toughness. A Centerline
Structure may or may not be detected by a Charpy test,
depending on the orientation of the Charpy specimen.

7.3 Test Method C—The ferric chloride corrosion test is a
24-h test in 10 % ferric chloride. It will detect a loss of

corrosion resistance associated with local depletion of chro-
mium and molybdenum as a result of the precipitation of
chromium-rich and possibly molybdenum-rich phases, not
limited to intermetallic phases. An Affected Structure is asso-
ciated with significant weight loss in the corrosion test. A
Possibly Affected Structure is likely to be associated with
significant weight loss in the corrosion test.

TEST METHOD B—CHARPY IMPACT TEST FOR
CLASSIFICATION OF STRUCTURES OF

DUPLEX STAINLESS STEELS

8. Scope

8.1 This test method describes the procedure for conducting
the Charpy impact test as a method of detecting the precipita-
tion of detrimental intermetallic phases in duplex stainless
steels. The presence or absence of an indication of intermetallic
phase in this test is not necessarily a measure of performance

FIG. 1 Unaffected Structure in S31803: ( a) Longitudinal Section
and (b) Transverse Section (500 3 Magnification Before

Reproduction)

FIG. 2 (a) J92205: Unaffected Structure-Statically Cast (400 3
Magnification)

FIG. 2 (b) J92205: Unaffected Structure-Centrifugally Cast (400 3
Magnification) (continued)
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of the material in service with regard to any property other than
that measured directly. The Charpy procedure as here applied
is different from that as commonly applied for the determina-
tion of toughness and should not be used when characterization
of material toughness is the purpose of the testing.

8.2 The Charpy impact test may be used to evaluate mill and
cast products, provided that it is possible to obtain a specimen
of relevant location and geometry.

8.3 Table 2 indicates the applicability and acceptance crite-
ria for Test Method B.

9. Rapid Screening Test

9.1 Before testing by the Charpy impact test, specimens of
the steel may be given a rapid screening test in accordance with
the procedures of Test Method A, Sodium Hydroxide Etch Test
for Classification of Etch Structures of Duplex Stainless Steels.
Preparation, etching, and the classification of etch structures
are described therein. Specimens having an etch structure
described as Unaffected Structure in Test Method A will be

essentially free of detrimental effect on impact toughness
related to the formation of intermetallic phase. Other mecha-
nisms for loss of toughness may occur independently but are
beyond the scope of this test method. Specimens showing
Unaffected Structure in Test Method A are acceptable with
respect to the absence of intermetallic phases, without the
necessity of performing the Charpy test as described in Test
Method B. All specimens having other than Unaffected Struc-
ture shall be tested by the Charpy impact test.

10. Apparatus

10.1 The test apparatus shall be as described in Test
Methods and Definitions A 370.

11. Preparation of Test Specimens

11.1 The test specimen shall be as described in Test Meth-
ods and Definitions A 370.

FIG. 3 Possibly Affected Structure in S31803: ( a) Longitudinal
Section and ( b) Transverse Section (500 3 Magnification Before

Reproduction)

FIG. 4 (a) J92205: Possibly Affected Structure-Statically Cast
(4003 Magnification)

FIG. 4 (b) J92205: Possibly Affected Structure-Centrifugally Cast
(4003 Magnification) (continued)
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11.2 An impact test for the purpose of detecting intermetal-
lic phases shall consist of a single specimen taken from the
product piece or lot to be represented.

11.3 For mill products, the test specimen may be aligned in
either the longitudinal or transverse direction (see Note 3). For
castings, the test specimen shall be parallel to the side of the
test coupon; the notch may be either parallel to or perpendicu-
lar to the coupon surface.

NOTE 3—The impact toughness of a transverse specimen from mill
products of duplex stainless steels is typically one half to two thirds of that
of a longitudinal specimen.

11.4 Subsize specimens may be used for products with
thickness less than that of a full-size Charpy specimen. Subsize
specimens should be as large as permitted by the product, in
quarter-size increments.

11.5 When this test is applied to a welded structure, or to
any product having a less than uniform structure, particular
attention should be paid to the location of the V-notch. For

example, in the heat-affected zone of a weld, the degree of
intermetallic formation may vary significantly over short

FIG. 5 Affected Structure in 8a S31803: ( a) Longitudinal Section
and (b) Transverse Section (500 3 Magnification Before

Reproduction)

FIG. 6 J92205: Affected Structure (400 3 Magnification)

FIG. 7 S31803: Longitudinal Section (500 3 Magnification Before
Reproduction)

TABLE 2 Applicability and Acceptance Criteria for
Test Method B

Grade Condition Acceptable Minimum Impact
Energy at −40°F (−40°C) A

S31803, S32205, J92205 base metal 40 ft-lb (54 J)
heat-affected zone 40 ft-lb (54 J)
weld metal 25 ft-lb (34 J)

S32750 base metal B

A Energy for a full-size specimen. Required energy for a subsize specimen is
reduced in direct proportion to the reduced area of the subsize specimen relative
to that of the full-size specimen.

B The acceptable minimum impact energy shall be agreed upon by seller and
purchaser.
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distances as a function of the local thermal cycle. In such cases,
the placement of the V-notch may affect the measured result
significantly.

12. Procedure

12.1 Perform the test in accordance with the procedures
described in Test Methods and Definitions A 370.

12.2 Unless otherwise specified, perform the test at −40°F
(−40°C).

13. Acceptance Values and Retests

13.1 Unless otherwise specified, the acceptance criteria
shall be as given in Table 2.

13.2 If a test specimen shows a value below the specified
minimum, one retest of two specimens is permitted. For
acceptance, both retest specimens shall show a value at or
above the specified minimum value.

13.3 A product that has failed the Charpy impact test may,
at the option of the producer, be given a full anneal and
retested.

TEST METHOD C—FERRIC CHLORIDE
CORROSION TEST FOR CLASSIFICATION OF

STRUCTURES OF DUPLEX
STAINLESS STEELS

14. Scope

14.1 This test method describes the procedure for conduct-
ing the ferric chloride corrosion test for detecting the presence
of detrimental intermetallic phases in duplex stainless steels.
The presence or absence of corrosion attack in this test is not
necessarily a measure of the performance of the material in
other corrosive environments; in particular, it does not provide
a basis for predicting resistance to forms of corrosion not
associated with the precipitation of intermetallic phases (see
Note 4).

14.2 The ferric chloride corrosion test may be used to
evaluate mill products, provided that it is possible to obtain a
specimen of relevant location and geometry.

14.3 Table 3 indicates the applicability and acceptance
criteria for Test Method C.

NOTE 4—Although this test method uses some equipment and proce-
dures similar to those of Test Method G 48, this test method should not be
confused with Test Method G 48. This test method does not determine the
critical pitting temperature or test for the suitability for use in a particular
environment. This test method is designed solely for detection of the
precipitation of detrimental intermetallic phases in duplex stainless steels.

15. Rapid Screening Test

15.1 Before testing by the ferric chloride corrosion test,
specimens of the steel may be given a rapid screening test in
accordance with the procedures of Test Method A, Sodium
Hydroxide Etch Test for Classification of Etch Structures of
Duplex Stainless Steels. Preparation, etching, and the classifi-
cation of etch structures are described therein. Specimens
having an etch structure described as Unaffected Structure in
Test Method A will be essentially free of detrimental effects on
pitting corrosion resistance as related to the formation of an
intermetallic phase. Other mechanisms for loss of pitting
resistance may occur independently but are beyond the scope
of this test method. Specimens showing Unaffected3 Structure
in Test Method A are acceptable with respect to the absence of
intermetallic phases and need not be tested by the ferric
chloride corrosion test as described in Test Method C. All
specimens having other than Unaffected Structure shall be
tested by the ferric chloride corrosion test.

16. Apparatus

16.1 Glass Beakers, 1000-mL, tall-form, or Erlenmeyer
flasks, 1000-mL, wide neck, or 50-mm (2-in.) diameter test
tubes, or other suitable glass containers.

16.2 Glass Cradles(Fig. 8)—The dimensions of the cradle
shall be restricted to those that will permit its passage through
the test container opening, a diameter of approximately 40 mm
(1.6 in.) in the case of the Erlenmeyer flask.

16.3 Water or Oil Bath, constant temperature.

17. Ferric Chloride Test Solution

17.1 The test solution is prepared by dissolving 100 g of
reagent-grade ferric chloride, FeCl3·6H2O, in 900 mL of
distilled water (approximately 6 % FeCl3 by weight). The
solution is filtered through glass wool or filter paper to remove
insoluble particles.

17.2 The pH of the test solution shall be adjusted to
approximately 1.3 prior to beginning the test by the addition of
HCl or NaOH, as required.

18. Test Specimen

18.1 Various shapes and sizes of test specimens may be
used. For flat products, a specimen should be approximately 25
by 50 mm (1 by 2 in.) by thickness. The full thickness of the
product should be included. In the case of heavier sections, the
specimen may be taken in a perpendicular orientation with
dimensions of approximately 6 by 25 mm (1⁄4 by 1 in.) by
thickness. In very heavy sections, the thickness dimension of
the specimen may be cut so that one half to two thirds of the
product thickness is tested.

18.2 Other product forms may be cut for test specimens
convenient for testing, provided that the specimen exposes
surfaces representative of the full thickness of the product.

18.3 After the specimens are cut, any material that may have
been affected by high temperature or deformation associated
with the cutting should be removed by machining or grinding
prior to testing.

18.4 For mill products, all surfaces of the specimen should
be polished to a uniform finish at least equal to a 120-grit
finish, or finer. Wet polishing is preferred. If used, dry

TABLE 3 Applicability and Acceptance Criteria for
Test Method C

Grade Condition Test
Temperature

Maximum Acceptable
Corrosion Rate Calculated

from Weight Loss

S31803, S32205 base metal 25°C (77°F) 10 mdd
weld metal 22°C (72°F) 10 mdd

S32750 base metal 40°C (107°F) 10 mdd
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polishing should be performed slowly to prevent overheating.
Sharp edges of the specimen should be rounded, with care
taken to remove all burrs.

18.5 The surface of the specimen shall not be chemically
passivated by treatments such as nitric, citric, or phosphoric
acid, or pickled by treatments such as nitric hydrofluoric acid,
subsequent to grinding the surface.

18.6 For other than mill products, testing of a specimen with
the surface in the as-fabricated condition may be relevant to the
application.

18.7 The dimensions of the specimen are measured, and the
total exposed surface area is calculated.

18.8 The specimen should be cleaned with magnesiumoxide
paste or equivalent, rinsed well with water, dipped in alcohol or
acetone, and air dried. The specimen shall be weighed to the
nearest 0.001 g or better. It should be stored in a desiccator
until ready for testing.

19. Procedure

19.1 Perform the test using ferric-chloride solution with a
volume at least the larger of 150 mL or 20 mL/cm2(125
mL/in.2) of the specimen surface area. Fill the test container
with the required volume, transfer to the constant temperature
bath, and allow to come to equilibrium at the desired test
temperature.

19.2 Unless otherwise specified, the test temperature for
wrought products of S31803 and S32205 shall be 25°C (77°F),
maintained within an accuracy of61°C (2°F) during the test.

19.3 Unless otherwise specified, the test temperature for
S31803 and S32205 products containing weldments shall be
22°C (72°F), maintained within an accuracy of61°C (2°F)
during the test.

19.4 Unless otherwise specified, the test temperature for
S32750 products shall be 40°C (104°F), maintained within an
accuracy of61°C (2°F) during the test.

19.5 Place the specimen in the glass cradle and immerse in
the test solution once the temperature has been established.

Maintain the test temperature throughout the test. Cover the
test container with a watchglass during the test period. Unless
otherwise specified, the test period shall be 24 h.

19.6 At the end of the 24-h test period, remove the specimen
from the solution, rinse with water, scrub with a soft bristle
brush under running water to remove corrosion products,
dipped in acetone or alcohol, and dried in air. Ultrasonic
cleaning is a permitted alternative when there are corrosion
products that are difficult to remove.

19.7 Weigh the specimen to 0.001 g or better and reserve for
examination.

20. Acceptance Values

20.1 The corrosion rate is calculated in accordance with the
weight loss and total surface area (see Note 5). Unless
otherwise specified, the calculated corrosion rate shall not
exceed 10 mdd (see Note 6).

NOTE 5—The corrosion rate is calculated in accordance with the
following: corrosion rate (mdd)

= weight loss (mg)/[specimen area (dm2) 3 time (days)]
NOTE 6—It is probable that corrosion will occur by pitting when it does

occur. The calculation of a uniform corrosion rate would be an inappro-
priate method of expressing the pitting corrosion. However, in this case,
the calculation of a corrosion rate is used primarily to normalize the
weight loss for the variety of specimen sizes and shapes permitted.

20.2 If the specimen shows a corrosion rate in excess of 10
mdd, one retest on two new specimens from the same product
is permitted. No retest specimen shall exhibit a corrosion rate
in excess of 10 mdd.

20.3 At the option of the producer, a product that has failed
the ferric-chloride corrosion test may be given a full anneal and
retested.

21. Precision and Bias

21.1 No statement is made concerning either the precision
or bias of Test Methods A, B, or C for detecting the presence
or absence of detrimental intermetallic phases in wrought

FIG. 8 Examples of Glass Cradles That Can Be Used to Support
the Specimen
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duplex stainless steels because the results state merely whether
there is conformance to the criteria for success specified in the
procedure.

22. Keywords

22.1 duplex; intermetallic; stainless steels

APPENDIXES

(Nonmandatory Information)

X1. EXAMPLE OF THE EFFECT OF THERMAL EXPOSURE ON TOUGHNESS AND
CORROSION RESISTANCE OF S31803

TABLE X1.1 Effect of Thermal Exposure A

Composition of Test Material

C Mn P S Si Cr Ni Mo N

0.023 1.44 0.022 0.001 0.49 22.3 5.60 3.13 0.182

Heat Treatment Condition CVN Impact Energy (ft-lb at −40°F (J at −40°C)) B Critical Pitting Temperature (°C) C

Longitudinal Transverse

Mill annealed 185 (251) 127 (172) 35
1950°F (1066°C) + WQ 196 (266) 123 (167) not tested
1950°F (1066°C) + WQ + 5 min, 1550°F 42 (60) 25 (34) 20
1950°F (1066°C) + WQ + 10 min,
1550°F

32 (43) 16 (22) 15

1950°F (1066°C) + WQ + 15 min,
1550°F

26 (35) 12 (16) not tested

1950°F (1066°C) + WQ + 20 min,
1550°F

21 (28) 9 (12) 15

1950°F (1066°C) + air cool 198 (268) 133 (180) not tested
1950°F (1066°C) + slow cool 80 (108) 88 (119) 30

A Davison, R. M., and Redmond, J. D., Paper No. 302, NACE Corrosion 91, 1991.
B 3⁄8-in. (9.5-mm) plate, three-quarter size Charpy specimen.
C CPT per Test Method G 48, Test Method A.
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X2. EXAMPLE OF THE EFFECT OF THERMAL EXPOSURE ON TOUGHNESS OF J92205

SUMMARY OF CHANGES

Committee A01 had identified the location of selected changes made to this standard since the last issue,
A 923–01e1, that may impact the use of this standard. (Approved Oct. 1, 2003).

(1) Title was revised.
(2) Sections 1, 3, 5, 7, 8, and 11 were revised.
(3) Tables 1 and 2 were revised.

(4) New figures were added

(5) Section 5.3 and Appendix X2 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 X2.1 Effect of Thermal Exposure on Cast Grade J92205 A

Heat C Mn Si Cr Ni S P Mo Cu N

1A 0.02 0.95 0.56 22.3 5.5 0.007 0.016 3.0 0.75 0.20

2 0.026 0.39 0.74 22.2 6.2 0.005 0.033 2.8 0.19 0.24

3 0.033 0.51 0.74 22.8 6.7 0.01 0.024 2.91 0.07 0.13

Heat Heat Treatment Condition CVN Impact Energy
(ft-lb at −40°F (J at −40°C))

1A 1950°F (1066°C) + WQ 84 (114)
1950°F (1066°C) + WQ, 1550°F (843°C) + WQ 47 (64)
1950°F (1066°C) + WQ + 5 min, 1550°F (843°C) + WQ 18 (24)
1950°F (1066°C) + WQ + 10 min, 1550°F (843°C) + WQ 15 (20)
1950°F (1066°C) + WQ + 15 min, 1550°F (843°C) + WQ 9 (12)
1950°F (1066°C) + WQ + 20 min, 1550°F (843°C) + WQ 10 (14)
1950°F (1066°C) + air cool 22 (30)
1950°F (1066°C) + hold 30 min, slow cool 4 (5)

2 1950°F (1066°C) + WQ 136 (184)
1950°F (1066°C) + WQ, 1550°F (843°C) + WQ 34 (46)
1950°F (1066°C) + WQ + 5 min, 1550°F (843°C) + WQ 39 (53)
1950°F (1066°C) + WQ + 10 min, 1550°F (843°C) + WQ 26 (35)
1950°F (1066°C) + WQ + 15 min, 1550°F (843°C) + WQ 35 (47)
1950°F (1066°C) + WQ + 20 min, 1550°F (843°C) + WQ 17 (23)
1950°F (1066°C) + air cool 25 (34)
1950°F (1066°C) + hold 30 min, slow cool 5 (7)

3 1950°F (1066°C) + WQ 106 (144)
1950°F (1066°C) + WQ, 1550°F (843°C) + WQ 84 (114)
1950°F (1066°C) + WQ + 5 min, 1550°F (843°C) + WQ 59 (80)
1950°F (1066°C) + WQ + 10 min, 1550°F (843°C) + WQ 36 (49)
1950°F (1066°C) + WQ + 15 min, 1550°F (843°C) + WQ 26 (35)
1950°F (1066°C) + WQ + 20 min, 1550°F (843°C) + WQ 27 (37)
1950°F (1066°C) + air cool 50 (68)
1950°F (1066°C) + hold 30 min, slow cool 8 (11)

A Heat 1 was centrifugally cast. Heats 2 and 3 were statically cast.
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Designation: A 931 – 96 (Reapproved 2002)

Standard Test Method for
Tension Testing of Wire Ropes and Strand 1

This standard is issued under the fixed designation A 931; 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 covers the tension testing of wire ropes
and strand at room temperature, specifically to determine the
minimum acceptance strength or nominal strength, yield
strength, elongation, and modulus of elasticity.

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.

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.Specific precau-
tionary statements are given in Note 1, Note 2, Note 3, and
Note 5.

2. Referenced Documents

2.1 ASTM Standards:
A 586 Specification for Zinc-Coated Parallel and Helical

Steel Wire Structural Strand and Zinc-Coated Wire for
Spun-In-Place Structural Strand2

A 603 Specification for Zinc-Coated Steel Structural Wire
Rope2

B 6 Specification for Zinc3

E 4 Practices for Force Verification of Test Machines4

E 6 Terminology Relating to Methods of Mechanical Test-
ing4

E 8 Test Methods for Tension Testing of Metallic Materials4

3. Terminology

3.1 The terminology relating to tensile testing in Terminol-
ogy E 6 applies to this test method. In addition, the following
definitions for wire rope will apply:

3.2 Definitions:

3.2.1 abrasion—frictional surface wear on the wires of a
wire rope.

3.2.2 aggregate area—seearea, metallic.
3.2.3 aggregate strength—the strength derived by totalling

the individual breaking strengths of the elements of the strand
or rope. This strength does not give recognition to the
reduction in strength resulting from the angularity of the
elements in the rope, or other factors that may affect efficiency.

3.2.4 area, metallic—sum of the cross-sectional areas of all
wires either in a wire rope or in a strand.

3.2.5 breaking strength—the ultimate load at which a tensile
failure occurs in the sample of wire rope being tested.

3.2.6 Discussion—The termbreaking strengthis synony-
mous with actual strength.

3.2.7 cable—a term loosely applied to wire rope, wire
strand, and electrical conductors.

3.2.8 center—the axial member of a strand about which the
wires are laid.

3.2.9 classification—group or family designation based on
wire rope constructions with common strengths and weights
listed under the broad designation.

3.2.10 construction—geometric design description of the
wire rope’s cross section. This includes the number of strands,
the number of wires per strand, and the pattern of wire
arrangement in each strand.

3.2.11 core—the axial member of a wire rope about which
the strands are laid.

3.2.12 fiber core—cord or rope of vegetable or synthetic
fiber used as the core of a rope.

3.2.13 galvanized rope—wire rope made up of galvanized
wire.

3.2.14 galvanized strand—strand made up of galvanized
wire.

3.2.15 grade—wire rope or strand classification by strength
or type of material, that is, Class 3, Type 302 stainless,
phosphor bronze, etc. It does not apply to strength of the
individual wires used to manufacture the rope or strand.

3.2.16 independent wire rope core (IWRC)—a wire rope
used as the core of a larger wire rope.

3.2.17 inner wires—all wires of a strand except the outer or
cover wires.

1 This test method is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 10, 1996. Published May 1996. Originally
published as A 931 – 94. Last previous edition A 931 – 94.

2 Annual Book of ASTM Standards, Vol 01.06.
3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.

1
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3.2.18 lay—(a) the manner in which the wires in a strand or
the strands in a rope are helically laid, or (b) the distance
measured parallel to the axis of the rope (or strand) in which a
strand (or wire) makes one complete helical convolution about
the core (or center). In this connection, lay is also referred to as
lay lengthor pitch.

3.2.19 minimum acceptance strength—that strength that is 2
1 / 2 % lower than the catalog or nominal strength. This
tolerance is used to offset variables that occur during sample
preparation and actual physical test of a wire rope.

3.2.20 modulus of elasticity—the slope of the elastic portion
of the stress-strain curve. The ratio of stress to corresponding
strain below the proportional limit. This value is generally
taken between 20 and 50 % of the nominal strength.

3.2.21 nominal strength—the published (catalog) strength
calculated by a standard procedure that is accepted by the wire
rope industry. The wire rope manufacturer designs wire rope to
this strength, and the user should consider this strength when
making design calculations.

3.2.22 socket—generic name for a type of wire rope fitting.
3.2.23 strand—a plurality of round or shaped wires heli-

cally laid about a center.
3.2.24 wire rope—strands helically laid around a core.
3.2.25 wire strand core (WSC)—a wire strand used as the

core of a wire rope.

4. Significance and Use

4.1 Wire rope tests are generally to be performed on new
rope. The use of wire rope in any application can reduce
individual wire strengths due to abrasion and nicking that will
result in the wire rope strength being reduced. Damage to the
outer wires will also lower the maximum strength achieved
during tension testing.

4.2 The modulus of elasticity of wire rope is not considered
to be a standard requirement at this time. The determination of
this material property requires specialized equipment and
techniques.

4.3 Rope to be tested should be thoroughly examined to
verify that no external wire damage is present. If present, it
should be noted. When possible, a new undamaged sample
should be obtained for testing.

4.4 End attachments and their installation can directly affect
breaking strength achieved during testing. Any attachment that
can be used to directly achieve the required rope breaking
strength can be used. Standard testing with a poured socket,
using zinc, white metal or thermoset resin, has been considered
the most efficient. Proficiency in attachment of any fitting can
have a direct effect on the final test results.

5. Interferences

5.1 Visual examination of the sample for any damage to
outer wires should be done. If any damage is evident, the
sample should not be used. The purpose of this test method is
to verify the nominal or maximum strength the wire rope or
strand can achieve.

5.2 Measurement of the rope or strand sample is necessary
to document the size, length between end attachments, and
length of lay of the rope if necessary. Further details regarding
this will be discussed in test results.

5.3 The length of test specimen shall not be less than 3 ft,
(0.91 m) between sockets for wire ropes up to 1 in. (25.4 mm)
diameter, inclusive, and not less than 5 ft (1.52 m) between
sockets for wire ropes 11⁄8 in. (28.6 mm) to 3 in. (77 mm)
diameter. On wire ropes larger than 3 in. (77 mm), the clear
length of the test specimen shall be at least 20 times the rope
diameter.

6. Apparatus

6.1 Testing Machines—Machines used for tension testing
shall conform to the requirements of Practices E 4. The loads
used in determining tensile strength and yield strength shall be
within loading range of the tensile machine as defined in
Practices E 4.

6.2 Gripping Devices:
6.2.1 General—Various types of gripping devices may be

used to transmit the measured load applied by the testing
machine to test specimens. To ensure axial tensile stress within
the gage length, the axis of the test specimen should coincide
with the center line of the heads of the machine. Any departure
from this requirement may introduce bending stresses that are
not included in the usual stress computation.

6.2.2 Wedge Grips—Testing machines usually are equipped
with wedge grips. These wedge grips generally furnish a
satisfactory means of gripping long specimens of ductile metal.
If, however, for any reason, one grip of a pair advances farther
than the other as the grips tighten, an undesirable bending
stress may be introduced. When liners are used behind the
wedges, they must be of the same thickness and their faces
must be flat and parallel. For best results, the wedges should be
supported over their entire lengths by the heads of the testing
machine. This requires that liners of several thicknesses be
available to cover the range of specimen thickness. For proper
gripping, it is desirable that the entire length of the serrated
face of each wedge be in contact with the specimen. Specially-
designed round-shaped grips may have to be used for testing
rope or strand. It is essential that all wires in the rope or strand
are uniformly gripped when the load is applied.

6.2.3 Conical Grips—Conical grips are constructed so that
when they are fitted together, a conical-shaped cavity exists
which will hold a cone socket wire rope or strand and
attachment (fitting).

7. Sample Preparation and Preparation of End
Attachments

7.1 Poured sockets are considered to be the most efficient
and should be used due to their ability to distribute the load
evenly in the wire rope when installed properly. Procedures for
the proper installation of poured end attachments can be found
in socketing procedures.

7.2 Other end attachments such as grips may be used
provided the required loading is achieved.

7.3 Sample Preparation Procedures:
7.3.1 Socketing
Zinc-Poured Socketing:
7.3.1.1 Measuring the Rope Ends to be Socketed—The rope

end should be of sufficient length so that the ends of the unlaid
wires (from the strands) will be at the top of the socket basket
(see Fig. 1(a)).
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FIG. 1 Wire Rope for Socketing
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7.3.1.2 Apply Serving at Base of Socket—Apply a tight wire
serving band at the point where the socket base will be for a
length of two rope diameters (see Fig. 1(b) and 1(c)).

7.3.1.3 Broom Out Strand Wires—Unlay and straighten the
individual rope strands and spread them evenly so that they
form an included angle of approximately 60°. Unlay the wires
of each individual strand for the full length of the rope end,
being careful not to disturb or change the lay of the wires and
strands under the serving band. Unlay the wires of an indepen-
dent wire rope core in the same manner. A fiber core should be
cut out and removed as close to the serving band as possible
(see Fig. 1(c)).

7.3.2 Clean the Broomed-Out Ends—A suggested cleaning
solvent for this step is SC-5 methyl chloroform. It is also
known under the names chlorothane VG and 1-1-1 trichlore-
thane.

NOTE 1—Warning: Breathing the vapor of this solvent is harmful; it
should only be used in a well-ventilated area. Be sure to follow the solvent
manufacturer’s instructions, and carefully observe all instructions printed
on the label.

Some non-chlorinated solvents are adequate and are preferable if
available.

7.3.2.1 Swish the broomed-out rope end in the solvent, then
brush vigorously to remove all grease and dirt, making certain
that the wires are clean to the very bottom close to the serving
band (see Fig. 1(d)). Additionally, a solution of muriatic acid
may also be used. If, however, acid is used, the broomed-out
ends should be rinsed in a solution of bicarbonate of soda so as
to neutralize any acid that may remain on the rope. Care should
be exercised to prevent acid from entering the core; this is
particularly important if the rope has a fiber core. Where it is
feasible, the best and preferred cleaning method for rope ends
prior to socketing is ultrasonic cleaning. After this cleaning
step, place the broomed-out end upright in a vise allowing it to
remain until all solvent has evaporated and the wires are dry.

7.3.2.2 Solvent should never be permitted to remain on the
rope or on the serving band since it will run down the wires
when the rope is removed from the vise.

7.3.3 Dip the Broomed-Out Rope Ends in Flux—Prepare a
hot solution of zinc-ammonium chloride flux comparable to
Zaclon K. Use a concentration of 1 lb. (453.6 g) of zinc-
ammonium chloride to 1 gal (3.774 L) of water, maintain this
at a temperature of 180°F (82°C) to 200°F (93°C). Swish the
broomed-out end in the flux solution, then place the rope end
upright in the vise until such time as the wires have dried
thoroughly (see Fig. 1(e)).

7.3.4 Close Rope Ends and Place Socket—Use clean wire to
compress the broomed-out rope end into a tight bundle that will
permit the socket to be slipped on easily over the wires (see
Fig. 1(f)). Before placing the socket on the rope, make certain
that the socket itself is clean and heated to 200°F (93°C) to
400°F (204°C). This heating is necessary in order to dispel any
residual moisture, and to prevent the zinc from cooling
prematurely.

NOTE 2—Caution: Never heat a socket after it is placed on the rope.
To do so may cause heat damage to the rope.

7.3.4.1 After the socket is on the rope end, the wires should
be distributed evenly in the socket basket so that zinc can

surround each wire. Use extreme care in aligning the socket
with the rope’s centerline, and in making certain that there is a
minimum vertical length of rope, extending from the socket,
that is equal to that specified in 6.3.

7.3.4.2 Seal the socket base with fire clay or putty, but make
certain that this material does not penetrate into the socket
base. Should this occur, it would prevent the zinc from
penetrating the full length of the socket basket, thereby
creating a void that would collect moisture after the socket is
placed in service.

7.3.5 Pour the Zinc—The zinc used should meet Specifica-
tion B 6 Grade (1) High Grade. Pour the zinc at a temperature
of 950 to 970°F (510 to 521°C) (see Fig. 1(h)); make
allowances for cooling if the zinc pot is more than 25 ft. from
the socket.

NOTE 3—Caution: Do not heat zinc above 1200°F (649°C) or its
bonding properties will be lost, and heat damage will occur to the rope.
The zinc temperature may be measured with a portable pyrometer or a
Tempilstik. Remove all dross before pouring. Pour the zinc in one
continuous stream until it reaches the basket top and all wire ends are
covered; there should be no “capping” of the socket.

7.3.6 Remove Serving—Remove the serving band from the
socket base; check to make certain that the zinc has penetrated
to the socket base (see Fig. 1(i)).

7.3.7 Lubricate the Rope—Apply wire rope lubricant to the
rope at the socket base and on any rope section where the
original lubricant may have been removed.

8. Thermo-Set Socketing

8.1 Before proceeding with a thermo-set resin socketing
procedure, check manufacturer’s instructions carefully. Give
particular attention to selecting sockets that have been specifi-
cally designed for resin socketing.

8.2 Acceptable Resin Types—Commercially-available resin
properties vary considerably. Hence, it is important to refer to
the individual manufacturer’s instructions before using any one
type. General rules cannot, of course, be established.

8.3 When properly formulated, most thermo-e resins are
acceptable for socketing. These formulations, when mixed,
form a pourable material that will harden at ambient tempera-
tures, or upon the application of moderate heat. No open flame
or molten metal hazards exist with resin socketing since
heat-curing, when necessary, requires a relatively low tempera-
ture 250 to 300°F (121 to 149°C) obtainable by electric
resistance heating.

8.4 Tests have demonstrated that satisfactory wire rope
socketing performance can be obtained with resins.

9. Procedure

9.1 Take measurements on the sample to determine the
actual rope diameter and sample length between sockets before
loading on the test machine.

NOTE 4— Rope diameter should be measured properly to determine
the actual diameter. (See Fig. 2 for the correct method.) An incorrect
measurement is possible and should be avoided. (See Fig. 3 for the method
to avoid.)

9.2 After the sample is placed in the test machine, complete
the zeroing before testing begins for accurate results. Start
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applying the load to the sample. The maximum rate of loading
should be 0.032 in. per minute (0.032 mm per min) for each in.
(mm) of test gage length when the rate is under the operator
control (a typical test gage length is 60 in. (1524 mm). Apply
the load until a reduction from a maximum reading. This
reduction will normally be accompanied by a noise when wires
and strand break. Wire and lubricant will be thrown from the
sample if not contained.

NOTE 5—Warning: Safety in tensile testing of wire rope should be a
major concern for the operator of the test machine, observers and the
surroundings. Uncontained wires, during testing, can impact and penetrate
objects at a great distance. Adequate safety shields directly around the
sample, as well as around the operator and observers, should be used at a
minimum.

9.3 Final tensile test results are normally measured in
pounds and can be compared with specifications for wire rope
in the applicable documents, customer specifications, or manu-
facturer’s specifications. A sample test form is included for
documentation of the data.

10. Precision and Bias

10.1 The primary intent of testing wire ropes and strand is to
ensure that the wire rope or strand will meet the specified
acceptance strength. Sometimes yield strength, elongation, or
modulus of elasticity is required or desired. In the case of
galvanized strand tested to meet the requirements in Specifi-
cations A 586 and A 603, the procedures for determining
percent elongation and modulus of elasticity and gage lengths
are specified in Specifications A 586 and A 603.

10.1.1 When yield strength is needed, the methods defined
in Test Methods E 8 are recommended.

10.2 Retesting will be required if samples do not meet
971⁄2 % of the nominal strength, if slippage occurs in the wires
in the end attachments, or if a break is within one rope diameter
of the end attachment. The variation in socketing proficiency
can produce different breaking strengths on multiple tests of
the same length of rope.

10.3 Precision—The precision of this test method has not
been determined.

10.4 Bias—The bias of this test method includes quantita-
tive estimates of the uncertainties of the dimensional measur-
ing devices, the calibrations of testing equipment and the skill
of the operators. At this time, the statements on bias should be
limited to documented performance of particular laboratories.

11. Keywords

11.1 socket; thermo-set resin; wire rope
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FIG. 2 Correct Measurement

FIG. 3 Incorrect Measurement
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Designation: A 938 – 97 (Reapproved 2003)

Standard Test Method for
Torsion Testing of Wire 1

This standard is issued under the fixed designation A 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 test method describes the torsion (or twist) testing
of metallic wire.

1.2 The values stated in U.S. customary units are to be
regarded as the standard. The SI equivalents of U.S. customary
units may be approximate.

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 6 Terminology Relating to Methods of Mechanical Test-

ing2

3. Terminology

3.1 Definitions—The definitions related to torsion testing
appearing in Terminology E 6 shall be considered as applying
to the terms used in this test method.

4. Significance and Use

4.1 The complex stress and strain conditions that occur in
the sample during the torsion test are sensitive to minor
variations in materials, making the torsion test a useful tool in
assessing wire ductility under torsional loading.

5. Apparatus

5.1 Clamping Heads:
5.1.1 The torsion test apparatus must have clamping heads

that will remain coaxial (within 10°) during the test.
5.1.2 One clamping head shall be easily displaceable in the

direction of the wire axis. This longitudinally displaceable
clamping head shall be equipped with a device capable of
applying the necessary tensile load.

5.1.3 The clamping heads shall clamp the wire firmly, but
should not damage it to the extent that fracture occurs at the
clamping point during twisting. The distance between the
clamps is the test length. The wire shall be twisted only along
the test length, and not at the point of clamping. These
requirements can be satisfied by bending a short section at each
end of the specimen to an angle of about 90° to the wire axis,
as described in 6.3.

5.2 Revolution Counter—A mechanism to count the number
of twists shall be provided.

5.3 Protective Shield—A protective shield shall be provided
to protect the operator from flying fragments in cases when the
wire breaks into more than two pieces.

6. Specimen Preparation

6.1 Straightening—The test piece, consisting of a length of
wire, should be straight before being tested. If straightening is
necessary, it shall, unless otherwise specified, be done by hand.
Other straightening techniques are permitted provided surface
damage is avoided. Since the shear stress is maximum at the
surface of the wire during testing, even slight surface damage
such as pits or scratches can cause early fracture, and the
results may not be indicative of the full capability of the wire.

NOTE 1—During straightening, it is important that the properties and
cross section remain unchanged as far as possible. In particular, the
specimen shall not be subjected to any twisting.

6.2 Test Length:
6.2.1 Recommended test length is 8 in. (203 mm) (distance

between the clamping heads). Sufficient material must also be
provided to allow for gripping.

6.2.2 Other test lengths may be used as agreed upon
between the producer and purchaser or as specified in the
appropriate product specification.

6.2.3 When a test length other than 8 in. (203 mm) is used,
the minimum torsions shall be revised in direct proportion to
the change in the jaw spacing, or as determined by the
following formula:

Tx 5
~TL! ~Lx!

~LL!
(1)

where:
Tx = minimum torsions for new length,
TL = minimum torsions for 8 in. (203 mm) length,

1 This test method is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of A1.03 on Steel
Rod and Wire.

Current edition approved April 10, 2003. Published June 2003. Originally
approved in 1975. Last previous edition approved in 1997 as A 938 – 97.

2 Annual Book of ASTM Standards, Vol 03.01.

1
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Lx = new length, and
LL = 8 in. (203 mm).

6.3 End Preparation—To prevent the gripped ends from
slipping tangentially in the clamps, a minimum of1⁄2 in. (12.7
mm) of each end of the wire is often bent approximately 90° to
the axis of the test sample. The end sections need not be exactly
parallel to each other. See Fig. 1.

7. Procedure

7.1 Tensile Force—Clamp the specimen in the clamps of the
test apparatus with its longitudinal axis coaxial with the
clamping heads and in such a manner that the specimen
remains as straight as possible during testing (see 5.1.1).
Unless specified otherwise, this can be accomplished by
applying a small tensile force to the specimen. This force
should be just sufficient to prevent the specimen from deflect-
ing away from the axis of rotation during twisting. Recom-
mended tensile forces are shown in Table 1.

7.2 Speed of Twisting—The speed of testing should be such
that the wire is not heated appreciably during the test since
excessive speed results in a lowering of torsion values.
Recommended maximum speeds are shown in Table 2.

7.3 Number of Turns:
7.3.1 After placing the test specimen in the machine, rotate

one clamp at a reasonably constant speed until the test
specimen fractures, defined as a complete separation of the
broken ends.

7.3.2 If the number of turns is satisfactory, the test specimen
is considered as having passed the test, regardless of the
position of fracture, defined as complete separation of the
broken ends. If the number of turns does not satisfy the
requirements of the specification, and the initial fracture,
defined as complete separation of the broken ends, location is
within two times the wire diameter from the clamps, the test is
considered invalid and shall be repeated.

NOTE 2—Specimens often break into more than two pieces, subsequent
fractures resulting from the rapid untwisting of the wire following the
initial fracture. In many cases, the initial fracture will have a smooth
surface perpendicular to the wire axis. The above validity test applies only
to the location of this initial break.

8. Report

8.1 The following information shall be included in the test
report:

8.1.1 Specimen identification,

8.1.2 Wire diameter,
8.1.3 Test length, including fractional turns when appli-

cable, and
8.1.4 Total turns to fracture.

NOTE 3—If a minimum number of turns is specified and this number is
exceeded, the test need not be continued to fracture. It is then sufficient to
record that no fracture occurred.

9. Precision and Bias

9.1 Precision—Sufficient multilaboratory tests have not
been compared to establish the reproducibility of this test
method. Test variables that affect precision include: (1) initial
length and straightness of the wire, (2) the amount of tensile
stress, (3) the speed of testing, and (4) location of the fracture.

9.2 Bias—Determination of the bias of a test method
requires reference standard values for one or more materials
based on many measurements. Such standard reference values
are not available for this test method. Therefore, the bias of the
method is not known.

10. Keywords

10.1 coaxial clamping; fracture; revolution counter; test
length; torsion; torsion testing; twisting rates; wire; wire axis;
wire ductility

FIG. 1 Sketch Showing 90° Bends at Ends of Wire Twist Test
Specimen

TABLE 1 Recommended Tensile Forces to be Applied to Wire
During Torsion Testing

Wire Size
Nominal Diameter

Applied Tensile
ForceA

in. mm lb. N

0.011 to 0.016 0.28 to 0.42 1 4
0.017 to 0.020 0.43 to 0.52 2 9
0.021 to 0.030 0.53 to 0.77 4 18
0.031 to 0.040 0.78 to 1.02 6 27
0.041 to 0.050 1.03 to 1.28 8 36
0.051 to 0.060 1.29 to 1.53 9 40
0.061 to 0.070 1.54 to 1.79 11 49
0.071 to 0.080 1.80 to 2.04 12 58
0.081 to 0.090 2.05 to 2.30 16 71
0.091 to 0.100 2.31 to 2.55 19 85
0.101 to 0.110 2.56 to 2.80 21 93
0.111 to 0.120 2.81 to 3.06 23 102
0.121 to 0.160 3.07 to 4.06 25 111
A For sizes larger than 0.160 in., the tensile force of 1% of the nominal maximum

load of the wire is recommended.

TABLE 2 Recommended Maximum Twisting Speeds per 100
Wire Diameters of Gage Length

Wire Diameter, in. (mm) Twisting Speed (Rpm)

< 0.040 (1.02) 90
0.040 to < 0.142 (1.02 to < 3.61) 60
0.142 and larger (3.61 and larger) 30
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Designation: A 946 – 95 (Reapproved 2000)

Standard Specification for
Chromium, Chromium-Nickel and Silicon Alloy Steel Plate,
Sheet, and Strip for Corrosion and Heat Resisting Service 1

This standard is issued under the fixed designation A 946; 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 alloy steels having a chromium
content equal to or less than 11.0 % in plate, sheet, strip form
for corrosion, and heat resisting applications.

1.2 Some steels covered by this specification, especially the
high silicon containing steels, because of their particular alloy
content and specialized properties, may require special care in
their fabrication and welding. Specific procedures are of
fundamental importance, and it is presupposed that all param-
eters will be in accordance with approved methods capable of
producing the desired properties in the finished fabrication.

1.3 The values stated in inch-pound units or SI units are to
be regarded separately as standard. The values stated in each
system are not exact equivalents; therefore, each system must
be used independently of the other. Combining values from the
two systems may result in nonconformance with the specifi-
cation.

1.4 This specification and the applicable material specifica-
tions are expressed in both inch-pound and SI units. However,
unless the order specifies the applicable “M” specification
designation (SI units), the material shall be furnished in
inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:
A 480/A480M Specification for General Requirements for

Flat Rolled Stainless and Heat-Resisting Steel Plate, Sheet,
and Strip2

E 527 Practice for Numbering Metals and Alloys (UNS)3

2.2 SAE Standard:

J 1086 Recommended Practice for Numbering Metals and
Alloys (UNS)4

3. Chemical Composition

3.1 The steel shall conform to the requirements as to
chemical composition specified in Table 1, and shall conform
to applicable requirements specified in Specification A 480/
A 480M.

4. Mechanical Properties

4.1 The material shall conform to the mechanical properties
specified in Table 2.

5. General Requirements

5.1 The following requirements for orders for material
furnished under this specification shall conform to the appli-
cable requirements of the current edition of Specification
A 480/A 480M.

5.1.1 Definitions,
5.1.2 General requirements for delivery,
5.1.3 Ordering information,
5.1.4 Process,
5.1.5 Special tests,
5.1.6 Heat treatment,
5.1.7 Dimensions and permissible variations,
5.1.8 Workmanship, finish and appearance,
5.1.9 Number of tests/test methods,
5.1.10 Specimen preparation,
5.1.11 Retreatment,
5.1.12 Inspection,
5.1.13 Rejection and rehearing,
5.1.14 Material test report,
5.1.15 Certification, and
5.1.16 Packaging, marking, and loading.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is under the direct responsibility of
Subcommittee A01.17 on Flat-Rolled and Wrought Stainless Steel Products.

Current edition approved Sept. 10, 1995. Published November 1995.
2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.01.

4 Available from Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096.
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TABLE 1 Chemical Composition, % A

Grade . . .
UNS DesignationB S70003
C 0.02
Mn 2.0
P 0.025
S 0.010
Si 6.5–8.0
Ni 22.0–25.0
Cr 8.0–11.0
Mo 0.50

A Maximum, unless range or minimum is indicated.
B Designation established in accordance with Practice E 527 and SAE .

TABLE 2 Mechanical Test Requirements

Grade

UNS
Designation

Tensile
Strength
min, ksi
(MPa)

0.2 % Y.S.
min, ksi
(MPa)

Elongation
in 2 in. or
50 mm,
min, %

Hardness, maxA

Brinell Rockwell B

. . . S70003 78 (540) 35 (240) 50 217 95
A Either Brinell or Rockwell B is permissible.
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Designation: A 947M – 95 (Reapproved 2000)

METRIC

Standard Specification for
Textured Stainless Steel Sheet [Metric] 1

This standard is issued under the fixed designation A 947M; 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 stainless steel, textured sheets,
especially for use in electronic packaging applications, for
example, cabinet, rack, enclosure, and shelf constructions for
telecommunication, computer, and data-processing equipment.

1.2 This specification applies to all finished flat-rolled
stainless products specified by standards organizations such as
International Standards Organization (ISO), American Society
for Testing and Materials (ASTM), European Committee for
Standardization (CEN), German Institute for Standardization
(DIN), and others participating in a global standards harmoni-
zation effort.

1.3 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information
only.

2. Referenced Documents

2.1 ASTM Standards:
A 176 Specification for Stainless and Heat-Resisting Chro-

mium Steel Plate, Sheet, and Strip2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products2

A 480/A480M Specification for General Requirements for
Flat-Rolled Stainless and Heat-Resisting Steel Plate,
Sheet, and Strip2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

B 117 Practice for Operating Salt Spray (Fog) Apparatus4

B 193 Test Method for Resistivity of Electrical Conductor
Material5

D 257 Test Methods for D-C Resistance or Conductance of
Insulating Materials6

D 523 Test Method for Specular Gloss7

2.2 ISO Standards:
ISO 1462 Accelerated Corrosion Tests and Evaluation of

Results8

ISO 6892 Metallic Materials Tensile Testing8

2.3 IEC Standard:
IEC 68 Environmental Testing9

2.4 CEN Standard:
EN 10002/1 Metallic Materials Tensile Testing10

2.5 DIN Standards:
DIN 17441 Stainless Steel Technical Delivery Conditions

for Stainless Cold Rolled Steel11

DIN 50021-SS Spray Test with Different Sodium Chloride
Solutions11

DIN 50980 Evaluation of Corrosion Tests11

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 textured—a three-dimensional design pattern, regard-

less of the specific production-process approach.

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—Number of sheets or weight.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Wrought Stainless Products.

Current edition approved Sept. 10, 1995. Published November 1995.
2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.
4 Annual Book of ASTM Standards, Vol 03.02.
5 Annual Book of ASTM Standards, Vol 02.03.

6 Annual Book of ASTM Standards, Vol 10.01.
7 Annual Book of ASTM Standards, Vol 06.01.
8 Available from International Organization for Standards (ISO), 1 Rue de

Varembe, Case Postale 56, 20 Geneve, Suisse 1211.
9 Available from International Electrotechnical Commission (IEC), 3 Rue de

Varembe, 20 Geneve, Suisse 1211.
10 Available from European Committee for Standardization (CEN), Rue Bred-

erode 2, B 1000 Bruxelles.
11 Available from German Institute for Standardization (DIN), Burggrafenstrasse

6, 1000 Berlin 30.

1
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4.1.2 Dimensions of sheet (thickness (texture included),
width, and length). See Tables 1-5 and Section 9 for preferred
sizes and tolerances.

4.1.3 ASTM designation and date of issue.
4.1.4 Name and type of material.
4.1.5 Surface condition of the nontextured surface. See

Specification A 480/A 480M or DIN 17441 Table 8.
4.1.6 Textured identification reference number. See Table 6.
4.1.7 Type and thickness of protective liner, if required by

the purchaser.
4.1.8 Marking requirements. Reference: Practices A 700.

NOTE 1—A typical ordering description is as follows: 500 sheets, 1.00
by 1200 by 2500 mm; ASTM Specification 176, Type 430; Surface Finish
Texture ID: S-F-O, 6-1, 3-6-170-3; 100 sheet maximum/skid, textured
side up. Each skid marked with purchase order number, applicable ASTM
standard, and date of shipment.

5. Materials and Manufacture

5.1 The textured side or sides of the sheet shall be produced
in such a manner that guarantees repeatability of the pattern
over time. See 6.2.

5.2 Manufacture process of textured material under this
specification shall follow industry practices.

6. Texture of Sheet

6.1 The texture of any sheet delivered under this specifica-
tion shall meet the provisions outlined in Table 6 and Section
13.

6.2 The customer shall either provide a control-sample (300
mm by 400 mm) or designate a control-sample from a chosen
textured material to ensure accurate repetition in appearance of
like products. See Section 13.

7. Chemical Composition

7.1 The heat chemical composition shall be reported to the
purchaser, or his representative, and shall conform to the
requirements specified in the applicable ASTM standard of the
steel type selected for texturing.

7.2 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

8. Other Requirements

8.1 If requested by the purchaser, physical (electrical and
optical) and mechanical (tensile, yield, and elongation) prop-
erty requirements shall be reported to the purchaser based on a
lot size as specified in 8.2.

8.2 A lot shall consist of all sheets of the same thickness
made from the same coil. In case the material cannot be
identified by coil, a lot shall consist of no more than 5000 kg
(approximately 5 tons) of sheets of the same thickness.

8.3 Electrical Requirements:
8.3.1 The specific resistivity of the material measured at

20°C to be reported in: ohms·mm2/m (µV·cm).
8.3.2 The surface resistivity of the material measured at

20°C to be reported in: milliohms. Refer to Test Methods
D 257.

8.4 Optical Requirements—The textured surface of the
material selected under this specification shall meet the inspec-
tion requirements (see 13.2) based on a visual sample com-
parison or a 6:1 art master pattern comparison, or both.

8.5 Mechanical Requirements—The mechanical properties,
tensile strength, yield strength, and elongation of the material

TABLE 1 Permissible Deviations in Thickness A

Preferred Nominal
Thickness

Applicable Thickness
Permissible
Thickness

Variations for
Nominal Sheet

Widths $10
#1600

$ #

0.40 0.4 0.5 0.04
0.50; 0.60 0.5 0.7 0.05
0.70; 0.80; 0.90; 1.00 0.7 1.1 0.06
1.20 1.1 1.5 0.08
1.50; 2.00 1.5 2.5 0.1
2.50; 3.00 2.5 3.5 0.12
3.50; 4.00 3.5 4.5 0.14
4.50; 5.00; 6.00 4.5 6.0 0.15

A In reference to preferred sheet thicknesses. Dimensions stated are in millime-
tres.

TABLE 2 Permissible Deviations for Nominal Widths A

Nominal
Thickness

Permmissible Deviation at Nominal Width

$ # #100 $100 to #300 $300 to #700 $700 to #1600

0.40 1.00 0.5 0.8 1.0 1.5
1.00 1.75 0.7 1.0 1.5 1.5
1.75 3.00 1.0 1.5 1.5 2.0
3.00 6.00 . . . . . . 2.0 2.0
A Dimensions stated are in millimetres.

TABLE 3 Permissible Deviations for Nominal Length A

Nominal “L”
Permissible Deviation for Nominal

Length

#2000 5
> 2000 0.0025 3 Length

A Dimensions stated are in millimetres.

TABLE 4 Permissible Deviations on Flatness A

Nominal Thickness

Total Deviation, %

Relating to Length
D/L

Relating to Width
D/W

0.40 2.00 0.4 0.5
2.00 4.00 0.3 0.4
4.00 6.00 0.1 0.4

A Dimensions stated are in millimetres.

TABLE 5 Permissible Deviations on Squareness A

Nominal Length
Squareness Tolerances at Nominal
Width Ratio of AA/BB Dimension

$ # #1000 $1000 to #1600

. . . 2000 6 7
2000 3000 7 7
3000 3500 7 8
3500 5000 8 10
5000 6000 12 12

A Dimensions stated are in millimetres.
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selected for texturing shall be reported in values specified in
12.5 of this specification.

9. Dimensions, Mass, and Permissible Variations

9.1 Unless noted in the purchase order, the stated tolerance
conditions in Tables 1-5 are deemed to be acceptable.

9.2 Table 1 lists the tolerance for sheet-thickness relevant to
the preferred thickness-sizes of textured sheets in this specifi-
cation.

9.3 Table 2 lists the tolerance for sheet widths relevant to
the preferred width-sizes of textured sheets in this specifica-
tion.

9.4 Table 3 lists the tolerance for sheet lengths relevant to
the preferred length-sizes in this specification.

9.5 Table 4 lists the permissible tolerance for sheet flatness
relevant to the preferred flatness tolerances in this specification
as a ratio of: deviation “D” to length “L” and width “W” of
textured sheet. (See 10.5.)

9.6 Table 5 lists the maximum permissible difference be-
tween the diagonal dimensions “AA” and “BB” of the textured
sheet. (See 10.6 and Fig. 1.)

9.7 The maximum permissible deviation of the edge camber
“D” for textured sheets is 0.2 % of the nominal length of the
sheet. (See 10.6)

10. Measurement

10.1 Unless otherwise stated, the measurement of the geo-
metrical requirements shall be based on the definition outlined
in Section 10.

10.2 Thickness—The thickness (texture included) may be
measured at any point located more than 20 mm from the
edges.

10.3 Width—The width is measured perpendicularly to the
longitudinal axis of the product.

10.4 Length—The length is measured along one of the sides
of the sheet or cut length.

10.5 Flatness—The measurement of the flatness deviation
(pockets) is made according to the pictorial representation “A”
and “B”, see Fig. 2. The sheet is lying on a flat surface with the
concave side upward.

10.6 Edge Camber—The edge camber is the greatest devia-
tion of a side edge from a straight line, the measurement being
taken on the concave side with a straight edge (see Fig. 3).

11. Workmanship

11.1 Textured sheets shall be uniform in quality and condi-
tion and free of injurious defects, that due to their nature or
severity, may detrimentally affect the suitability for the service
intended.

12. General Requirements for Delivery

12.1 Unless otherwise specified in the purchase order, the
materials furnished under this specification shall conform to
applicable requirements of the current edition of Specification
A 480/A 480M or, if applicable, to DIN 17441.

12.2 If requested by the purchaser, material shall be deliv-
ered with a protective liner of either polyvinyl (PVC) or
polyethylene (PE) on the textured side of the sheet. However,
if a protective liner is being specified it must not be detrimen-
tally affected by ultraviolet (UV) or temperature exposure, or
both, up to 70°C. Its removal from the sheet stock must be

TABLE 6 Textured Reference Identification

Pattern orientation Note 1
Pattern appearance Note 2
Height of pattern Note 3
Size of pattern Note 4
Type of pattern Note 5
Pattern repetition configuration Note 6
Pattern effect on far side of sheet Note 7

Example of typical ordering description:

S-F-O,6-1,3-6-170-3
Note 1: S (Straight) Pattern oriented with flow line of rolling

process.
A (Angular) Pattern oriented 45° to flow line of rolling

process.
O (Other) Optional pattern orientation.

Note 2: F (Fine) If the number of pattern repetitions under
Note 6 exceeds 100.

C (Coarse) If the number of pattern repetitions under
Note 6 is less than 100.

Note 3: Height of pattern in millimetres.
Note 4: Size of individual pattern.

(Largest individual pattern dimension in millimetres; length, width,
diagonal, and so forth.)

Note 5: Type of pattern:
No. 0 round No. 7 trapezoidal No. 14 arrow
No. 1 square No. 8 lines No. 15 snowflake
No. 2 rectangular No. 9 points No. 16 teardrop
No. 3 triangular No. 10 letters No. 17 combination
No. 4 hex No. 11 numbers No. 18 shapeless
No. 5 octal No. 12 bricks No. 19 irregular shape
No. 6 oblong No. 13 star No. 20 others not

defined

Note 6: Number of largest individual pattern repetitions within a 20-mm ·
20-mm area of the stainless steel sheet. (Partial pattern
repetition included.)

Note 7: A two-sided pattern under this specification displays the same
pattern on both sides of the sheet. This pattern is usually
reserved for material thicknesses of 2.5 mm and thicker.

No. 1 Two-sided pattern.
No. 2 One-sided pattern. No visible marks from an one-sided

pattern, when viewed with the unaided eye from a distance of
1 m.

No. 3 One-sided pattern. Shadings and reflections as a result from
the pattern process on the opposite side of the sheet shall be
acceptable.

No. 4 One-sided pattern. Measurable deformation, caused by the
pattern on the opposite side of the sheet shall be acceptable.

FIG. 1 Squareness
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guaranteed not to leave any residue on the textured sheet up to
a storage time of 18 months.

12.3 If requested by the purchaser, material shall be deliv-
ered with a certification of electrical properties such as:

12.3.1 Specific resistivity—measured in ohms·mm2/m
(µV·cm) in accordance with Test Method B 193.

12.3.2 Surface resistivity—measured in milliohms in accor-
dance with Test Methods D 257.

12.4 If requested by the purchaser, material shall be deliv-
ered with a certification of thermal conductivity: measured in:
W/(m·K) at 20°C.

12.5 If requested by the purchaser, material shall be deliv-
ered with a certification of mechanical properties such as:

12.5.1 Yield strength maximum in N/mm2.
12.5.2 Tensile strength maximum in N/mm2.
12.5.3 Elongation in 50 mm (2 in.) minimum %.

13. Inspection

13.1 Unless otherwise specified in the purchase order, the
seller agrees to perform all the tests and inspections as outlined
in Section 11, demonstrating conformity to the applicable
relevant conditions or standards in a test report at the time of
the initial purchase order.

13.2 Appearance—The textured and untextured surfaces
shall match the appearance of the purchasers control sample or
that of a designated control sample agreed upon between both
parties, when viewed with the unaided eye from a distance of
1 m by daylight.

13.2.1 If there is a substantial disagreement between the
seller and the purchaser on the appearance, the following
inspection shall become the tie breaker.

13.2.1.1 The precision of the texture, as defined in Table 6,
shall be established by comparing an art-master (100 mm by
100 mm) magnified 6:1 (600 mm by 600 mm), provided by the
purchaser, with a photographic enlargement, 6:1, of the prod-
uct, provided by the seller. See Fig. 4 for example. (Not to
scale.)

13.2.1.2 The precision of the gloss shall be established by
comparing the measured values of gloss of the control sample
with the production sample. The measurement shall be per-
formed in accordance with Test Method D 523.

13.3 Tensile Strength—A tensile test shall be carried out in
accordance with Test Methods A 370 or ISO 6892 or EN
10002/1.

13.4 Corrosion: Indoor Environment—(Dry/damp heat
cycle test) In accordance with IEC 68.

13.4.1 Specifics:
13.4.1.1 Stabilizing in a climate of 23°C at 50 % RH

according to IEC 68.1.
13.4.1.2 Duration: 8 h and immediately thereafter exposure

to climate of 40°C at 93 % RH according to IEC 68.2.3.
13.4.1.3 Duration: 16 h.
13.4.1.4 Total cycle time to be 10.
13.5 Corrosion: Indoor Environment—(Corrosive atmo-

spheric test) In accordance with IEC 68.2.60: Method No. 4.
13.5.1 Specific Type and Concentration of Polluting Gases:

H2S (10−9 vol/vol) 10 6 5
NO2(10−9 vol/vol) 200 6 20
Cl2(10−9 vol/vol) 10 6 5
SO2(10−9 vol/vol) 200 6 20
Temperature: 25 6 1°C
RH: 75 6 3 %
Volume change/h: 3 to 10
Duration: 10 days

13.6 Corrosion: Outdoor Environment—In accordance with
Practice B 117 or DIN 50021-SS.

13.7 Corrosion: Evaluation of Test Results—In accordance
with Practice ISO 1462 or DIN 50980.

FIG. 2 Flatness Deviation (Pockets)

FIG. 3 Edge Camber
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13.7.1 For 13.4 and 13.5: Use No. 6.
13.7.2 For 13.6: Use No. 4.

14. Rejection and Rehearing

14.1 Material that fails to conform to the appearance speci-
fication set by this specification, see 13.2, may be rejected.
Rejection should be reported to the producer or supplier
promptly and in writing. In case of dissatisfaction with the
result of the test, see 13.2, the producer or the supplier may
make claim for a rehearing.

15. Packaging, Marking, and Loading

15.1 Unless otherwise specified, packaging, marking, and
loading shall be in accordance with those procedures recom-
mended by Practices A 700.

16. Keywords

16.1 appearance; certification; corrosion indoor environ-
ment; corrosion outdoor environment; data processing equip-
ment; electrical requirements; enclosures; mechanical require-
ments; optical requirements; pattern; permissible variations;
specific resistivity; stainless steel sheets; surface resistivity;
telecommunication equipment; terminology; textured; thermal
conductivity

FIG. 4 Typical Sample of a Texture Pattern Defined by This Specification
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Designation: A 959 – 03

Standard Guide for
Specifying Harmonized Standard Grade Compositions for
Wrought Stainless Steels 1

This standard is issued under the fixed designation A 959; 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 standard provides a guide to ASTM Subcommittees
A01.06, A01.10, A01.17, A01.22, and A01.28 for specifying
chemical composition limits of wrought stainless steels. It is
intended that these recommended grade composition limits be
suitable for adoption by other standardization bodies that
prepare standards for stainless steel products.

1.2 Included in this guide are the recommendations for
determining the number of significant figures for specifying
chemical composition from Test Methods, Practices and Ter-
minology A 751.

1.3 All stainless steel UNS numbers and the stainless steel
grades in all standards overseen by the aforementioned ASTM
subcommittees have been included, except those grades appli-
cable to restricted special end uses and alloys containing less
than 10.5 % minimum chromium.

1.4 Not addressed are minor composition modifications
which a specific product subcommittee may find necessary to
accommodate effects of normal processing or to enhance
fabricability by the producer or user, or both.

1.5 Also not generally addressed (except when established
by ASTM product subcommittees) is a complete rationalization
of all limits, especially when such would conflict with long-
standing practices and is not justified by special technical
effect.

1.6 Excluded from this guide are cast material and welding
filler metal.

2. Referenced Documents

2.1 ASTM Standards:
A 751 Test Methods, Practices, and Terminology for

Chemical Analysis of Steel Products2

E 527 Practice for Numbering Metals and Alloys (UNS)2

2.2 SAE Standards:
J 1086 Recommended Practice for Numbering Metals and

Alloys3

HS-1086 FEB93 Metals and Alloys in the Unified Number-
ing System3

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 austenitic grade, n— is a metallurgical term meaning

that the material is usually predominantly face-centered cubic
in structure and hardenable only by cold working.

3.1.2 austenitic-ferritic (duplex) grade, n—is a metallurgi-
cal term meaning that the material is a mixture of austenitic and
ferritic structures, with at least one-fourth of the lesser phase,
and hardenable only by cold working.

3.1.3 ferritic grade, n—is a metallurgical term meaning that
the material is body-centered cubic in structure (with little, if
any, tempered martensite) and hardenable only slightly by cold
working (responding little or only slightly to conventional heat
treatment by quenching and tempering).

3.1.4 martensitic grade, n—is a metallurgical term meaning
that the material is capable of being produced in a distorted
body-centered cubic structure by conventional heat treating
and quenching, and that the quenched structure is capable of
conventional tempering. Martensitic grades are delivered in the
annealed (ferritic) condition or the hardened and tempered
(martensitic) condition.

3.1.5 precipitation hardening grade, n—is a metallurgical
term meaning that the material may be basically austenitic or
martensitic in structure and hardenable by precipitation hard-
ening (sometimes called age hardening).

3.1.6 standard stainless steel grade, n—the listed chemical
composition associated with a stainless steel grade identified
by a particular UNS number appearing in SAE publication
HS-1086 FEB93, except as modified by an ASTM subcommit-
tee having oversight of a wrought stainless steel product where
such a modification is justified by a specific technical effect.

1 This guide is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat-Rolled and Wrought Stainless Steel.

Current edition approved Apr. 10, 2003. Published June 2003. Originally
approved in 1996. Last previous edition approved in 2001 as A 959-01.

2 Annual Book of ASTM Standards, Vol 01.01.

3 Available from Society of Automotive Engineers (SAE), 400 Commonwealth
Dr., Warrendale, PA 15096-0001.

1

*A Summary of Changes section appears at the end of this standard.
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4. Significance and Use

4.1 It is anticipated that the ASTM Subcommittees A01.06,
A01.10, A01.17, A01.22, and A01.28 will use the standard
composition limits listed in this guide for the grades identified
by the corresponding UNS designation in the product specifi-
cation unless there is a specific technical justification for doing
otherwise. The compositions in this guide shall not be consid-
ered as chemical requirements for any particular product until
adopted by the subcommittee overseeing that product.

4.2 Assuming that uniform compositions among the many
product standards for stainless steel are desirable, the compo-
sition limits provided in this standard are to be used as guides
in determining limits for each of the elements included in the
total composition of each grade. The composition limits have
been established with the intent that each product subcommit-
tee will find it necessary to require only a minimum number of
changes to reflect specific technical effects. Section 5 lists the
general guidelines followed for determining the limits for each
element; the limits established in this guide are based on these
guidelines.

4.3 Not included in this standard stainless steel grade
harmonization effort is an attempt to unify stainless steel
compositions in ASTM product standards by any means other
than recognizing current industry practices.

5. General Guidelines Used for Determining Composition
Limits

5.1 Carbon—It is recommended that limits be to only two
decimal places for levels of 0.04 % and higher because it is not
necessary to control to such precision at levels above 0.04 %.
(It should be recognized that limits such as 0.045 % maximum
may also be simply stated as 0.04 % maximum.) It is also
recommended that three decimal places be used at levels of
0.030 % and lower, unless, for example, it is clearly recognized
that 0.03 % maximum means that 0.035 % is satisfactory.

5.2 Manganese—Except for the Cr-Ni-Mn grades
(S2XXXX), it is recommended that limits of 2 % maximum
and 1 % maximum be used for the austenitic and other grades
respectively, except for the free machining grades with high
sulfur or selenium, or when necessary to promote nitrogen
solubility.

5.3 Phosphorus—It is recommended that 0.045 % maxi-
mum be applied to austenitic grades, and 0.040 % maximum to
other grades unless the sponsoring producer recommends a
lower limit for specific technical effect.Exception—some of
the Cr-Ni-Mn austenitic grades have always been produced to
0.060 % maximum.

5.4 Sulfur—It is recommended that 0.030 % maximum be
applied to all grades except the free-machining grades unless
lower limits have been required for specific technical effects.

5.5 Silicon—Past practice has been to establish 0.75 %
maximum for tubular related products such as flat rolled and
tubulars, and 1.00 % maximum for long products and forgings.
For grades produced both as long and flat-rolled products, 1 %
maximum was chosen since it will also include products
melted to lower limits. Use of lower or higher limits should be
based on specific technical effect.

5.6 Chromium—A composition spread of 2 % is recom-
mended; existing broader limits were not reduced to less than
a 3 % spread.

5.7 Nickel—It is recommended that the composition spread
not exceed 3 % unless a broader (generally higher) spread is
justified by specific technical effect.

5.8 Molybdenum—It is recommended that the composition
spread not exceed 1 %, unless a broader range is justified by
specific technical effect. Molybdenum limits having only a
maximum limit but no minimum should not be used unless
justified by specific technical effect.

5.9 Nitrogen—It is recommended that nitrogen limits hav-
ing only a maximum limit but no minimum should not be used
unless justified by specific technical effect.

5.10 Copper—It is recommended that copper limits having
only a maximum limit but no minimum should not be used
unless justified by specific technical effect.

5.11 Columbium and Tantalum—Except for special appli-
cations requiring positive identification of tantalum, it is
recommended that prior listings of these two elements together
be limited to listing only columbium. The words “columbium”
and “niobium” refer to the same element.

6. Harmonized Standard Grade Stainless Steel
Compositions

6.1 The harmonized composition limits are shown in Table
1, grouped by metallurgical classification, that is, austenitic,
austenitic-ferritic, etc. Within those groups, grades are listed by
UNS designation, in numerical order.

6.2 Unless adopted by the appropriate product subcommit-
tee in a product standard, the compositions described in this
guide shall not be used for specifying an ASTM product.

7. Keywords
7.1 austenitic stainless steels; austenitic-ferritic or ferritic-

austenitic stainless steels; duplex stainless steels; ferritic stain-
less steels; harmonized stainless steel compositions; martensi-
tic stainless steels; precipitation hardening stainless steels;
standard stainless steel grade compositions
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TABLE 1 Chemical Composition Limits, % A

UNS
Designation

TypeB Carbon Manganese
Phos-
phorus

Sulfur Silicon Chromium Nickel Molybdenum Nitrogen Copper
Other

Elements

Austenitic Grades

S16800 16-8-2HC 0.05–0.10 2.00 0.045 0.030 1.00 14.5–16.5 7.5–9.5 1.50–2.00 . . . . . . . . .
S20100 201 0.15 5.5–7.5 0.060 0.030 1.00 16.0–18.0 3.5–5.5 . . . 0.25 . . . . . .
S20103 201L 0.03 5.5–7.5 0.045 0.030 1.00 16.0–18.0 3.5–5.5 . . . 0.25 . . . . . .
S20153 201LNC 0.03 6.4–7.5 0.045 0.015 1.00 16.0–17.5 4.0–5.0 . . . 0.10–0.25 . . . Cu 1.00
S20161 . . . 0.15 4.0–6.0 0.045 0.030 3.0–4.0 15.0–18.0 4.0–6.0 . . . 0.08–0.20 . . . . . .
S20162 . . . 0.15 4.0–8.0 0.040 0.040 2.5–4.5 16.5–21.0 6.0–10.0 0.50–2.50 0.05–0.25 . . . . . .
S20200 202 0.15 7.5–10.0 0.060 0.030 1.00 17.0–19.0 4.0–6.0 . . . 0.25 . . . . . .
S20300 XM-1D 0.08 5.0–6.5 0.045 0.18–0.35 1.00 16.0–18.0 5.0–6.5 . . . . . . . . . Cu 1.75–2.25
S20400 . . . . . . 0.030 7.0–9.0 0.045 0.030 1.00 15.0–17.0 1.50–3.00 . . . 0.15–0.30 . . .
S20430 . . . 0.15 6.5–9.0 0.060 0.030 1.00 15.5–17.5 1.50–3.50 . . . 0.05–0.25 2.0–4.0 . . .
S20500 205 0.12–0.25 14.0–15.0 0.060 0.030 1.00 16.5–18.0 1.00–1.75 . . . 0.32–0.40 . . . . . .
S20910 XM-19D 0.06 4.0–6.0 0.045 0.030 1.00 20.5–23.5 11.5–13.5 1.50–3.00 0.20–0.40 . . . Cb 0.10–0.30,

V 0.10–0.30
S21400 XM-31D 0.12 14.0–16.0 0.045 0.030 0.30–1.00 17.0–18.5 1.00 . . . 0.35 min . . . . . .
S21460 XM-14D 0.12 14.0–16.0 0.060 0.030 1.00 17.0–19.0 5.0–6.0 . . . 0.35–0.50 . . . . . .
S21500 . . . 0.06–0.15 5.5–7.0 0.045 0.030 0.2–1.0 14.0–16.0 9.0–11.0 0.80–1.20 . . . . . . Cb 0.75–1.25,

V 0.15–0.40,
B 0.003–0.009

S21600 XM-17D 0.08D 7.5–9.0 0.045 0.030 1.00 17.5–20.5 5.0–7.0 2.00–3.00 0.25–0.50 . . . . . .
S21603 XM-18D 0.03D 7.5–9.0 0.045 0.030 1.00 17.5–20.5 5.0–7.0 2.00–3.00 0.25–0.50 . . . . . .
S21800 . . . 0.10 7.0–9.0 0.060 0.030 3.5–4.5 16.0–18.0 8.0–9.0 . . . 0.08–0.18 . . . . . .
S21900 XM-10D 0.08 8.0–10.0 0.045 0.030 1.00 19.0–21.5 5.5–7.5 . . . 0.15–0.40 . . . . . .
S21904 XM-11D 0.04 8.0–10.0 0.045 0.030 1.00 19.0–21.5 5.5–7.5 . . . 0.15–0.40 . . . . . .
S24000 XM-29D 0.08 11.5–14.5 0.060 0.030 1.00 17.0–19.0 2.3–3.7 . . . 0.20–0.40 . . . . . .
S24100 XM-28D 0.15 11.0–14.0 0.045 0.030 1.00 16.5–19.0 0.50–2.50 . . . 0.20–0.45 . . . . . .
S28200 . . . 0.15 17.0–19.0 0.045 0.030 1.00 17.0–19.0 . . . 0.75–1.25 0.40–0.60 . . . Cu 0.75–1.25
S30100 301 0.15 2.00 0.045 0.030 1.00 16.0–18.0 6.0–8.0 . . . 0.10 . . . . . .
S30103 301LC 0.030 2.00 0.045 0.030 1.00 16.0–18.0 5.0–8.0 . . . 0.20 . . . . . .
S30153 301LNC 0.030 2.00 0.045 0.030 1.00 16.0–18.0 5.0–8.0 . . . 0.07–0.20 . . . . . .
S30200 302 0.15 2.00 0.045 0.030 1.00 17.0–19.0 8.0–10.0 . . . 0.10 . . . . . .
S30215 302B 0.15 2.00 0.045 0.030 2.00–3.00 17.0–19.0 8.0–10.0 . . . 0.10 . . . . . .
S30300 303 0.15 2.00 0.20 0.15 min 1.00 17.0–19.0 8.0–10.0 . . . . . . . . . . . .
S30310 XM-15D 0.15 2.5–4.5 0.20 0.25 min 1.00 17.0–19.0 7.0–9.0 . . . . . . . . . . . .
S30323 303Se 0.15 2.00 0.20 0.06 1.00 17.0–19.0 8.0–10.0 . . . . . . . . . Se 0.15 min
S30345 XM-2D 0.15 2.00 0.05 0.11–0.16 1.00 17.0–19.0 8.0–10.0 0.40–0.60 . . . . . . Al 0.60–1.00
S30400 304 0.08 2.00 0.045 0.030 1.00 18.0–20.0 8.0–11.0 . . . . . . . . . . . .
S30403 304L 0.030 2.00 0.045 0.030 1.00 18.0–20.0 8.0–12.0 . . . . . . . . . . . .
S30409 304H 0.04–0.10 2.00 0.045 0.030 1.00 18.0–20.0 8.0–11.0 . . . . . . . . . . . .
S30415 . . . 0.04–0.06 0.80 0.045 0.030 1.00–2.00 18.0–19.0 9.0–10.0 . . . 0.12–0.18 . . . Ce 0.03–0.08
S30430 . . . 0.03 2.00 0.045 0.030 1.00 17.0–19.0 8.0–10.0 . . . . . . . . . Cu 3.0–4.0
S30432 . . . 0.07–0.13 0.50 0.045 0.030 0.30 17.0–19.0 7.5–10.5 . . . 0.05–0.12 2.5–3.5 Cb 0.20–0.60,

Al 0.003–0.030,
B 0.001–0.010

S30451 304N 0.08 2.00 0.045 0.030 1.00 18.0–20.0 8.0–11.0 . . . 0.10–0.16 . . . . . .
S30452 XM-21D 0.08 2.00 0.045 0.030 1.00 18.0–20.0 8.0–10.0 . . . 0.16–0.30 . . . . . .
S30453 304LN 0.030 2.00 0.045 0.030 1.00 18.0–20.0 8.0–11.0 . . . 0.10–0.16 . . . . . .
S30454 304LHNC 0.03 2.00 0.045 0.030 1.00 18.0–20.0 8.0–11.0 . . . 0.16–0.30 . . . . . .
S30500 305 0.12 2.00 0.045 0.030 1.00 17.0–19.0 11.0–13.0 . . . . . . . . . . . .
S30600 . . . 0.018 2.00 0.020 0.020 3.7–4.3 17.0–18.5 14.0–15.5 0.20 . . . . . . Cu 0.50
S30601 . . . 0.015 0.50–0.80 0.030 0.013 5.0–5.6 17.0–18.0 17.0–18.0 0.20 0.05 . . . Cu 0.35
S30615 . . . 0.16–0.24 2.00 0.030 0.030 3.2–4.0 17.0–19.5 13.5–16.0 . . . . . . . . . Al 0.80–1.50
S30800 308 0.08 2.00 0.045 0.030 1.00 19.0–21.0 10.0–12.0 . . . . . . . . . . . .
S30815 . . . 0.05–0.10 0.80 0.040 0.030 1.40–2.00 20.0–22.0 10.0–12.0 . . . 0.14–0.20 . . . Ce 0.03–0.08
S30900 309 0.20 2.00 0.045 0.030 1.00 22.0–24.0 12.0–15.0 . . . . . . . . . . . .
S30908 309S 0.08 2.00 0.045 0.030 1.00 22.0–24.0 12.0–15.0 . . . . . . . . . . . .
S30909 309HC 0.04–0.10 2.00 0.045 0.030 1.00 22.0–24.0 12.0–15.0 . . . . . . . . . . . .
S30940 309CbC 0.08 2.00 0.045 0.030 1.00 22.0–24.0 12.0–16.0 Cb 10xC-1.10
S30941 309HCbC 0.04–0.10 2.00 0.045 0.030 1.00 22.0–24.0 12.0–16.0 . . . . . . . . . Cb 10xC-1.10
S31000 310C 0.25 2.00 0.045 0.030 1.50 24.0–26.0 19.0–22.0 . . . . . . . . . ...
S31002 . . . 0.015 2.00 0.020 0.015 0.15 24.0–26.0 19.0–22.0 0.10 0.10 . . . . . .
S31008 310S 0.08 2.00 0.045 0.030 1.00 24.0–26.0 19.0–22.0 . . . . . . . . . . . .
S31009 310HC 0.04–0.10 2.00 0.045 0.030 1.00 24.0–26.0 19.0–22.0 . . . . . . . . . . . .
S31040 310CbC 0.08 2.00 0.045 0.030 1.00 24.0–26.0 19.0–22.0 . . . . . . . . . Cb 10xC-1.10
S31041 310HCbC 0.04–0.10 2.00 0.045 0.030 1.00 24.0–26.0 19.0–22.0 . . . . . . . . . Cb 10xC-1.10
S31042 310HCbNC 0.04–0.10 2.00 0.045 0.030 1.00 24.0–26.0 19.0–22.0 . . . 0.15–0.35 . . . Cb 0.20–0.60
S31050 310MoLNC 0.030 2.00 0.030 0.015 0.40 24.0–26.0 21.0–23.0 2.00–3.00 0.10–0.16 . . .
S31254 . . . 0.020 1.00 0.030 0.010 0.80 19.5–20.5 17.5–18.5 6.0–6.5 0.18–0.22 . . . Cu 0.50–1.00
S31266 . . . 0.030 2.0–4.0 0.035 0.020 1.00 23.0–25.0 21.0–24.0 5.2–6.2 0.35–0.60 1.00–2.50 W 1.50–2.50
S31272 . . . 0.08–0.12 1.50–2.00 0.030 0.015 0.30–0.70 14.0–16.0 14.0–16.0 1.00–1.40 . . . . . . Ti 0.30–0.60,

B 0.004–0.008
S31400 314C 0.25 2.00 0.045 0.030 1.50–3.00 23.0–26.0 19.0–22.0 . . . . . . . . . . . .
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S31600 316 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 . . . . . . . . .
S31603 316L 0.030 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 . . . . . . . . .
S31609 316H 0.04–0.10 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 . . . . . . . . .

S31635C 316Ti 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 0.10 . . . Ti 5x(C+N)-0.70
S31640C 316Cb 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–14.0 2.00–3.00 0.10 . . . Cb 10xC-1.10
S31651 316N 0.08 2.00 0.045 0.030 1.00 16.0–18.0 10.0–13.0 2.00–3.00 0.10–0.16 . . . . . .
S31653 316LN 0.030 2.00 0.045 0.030 1.00 16.0–18.0 10.0–13.0 2.00–3.00 0.10–0.16 . . . . . .
S31654 316LHNC 0.03 2.00 0.045 0.030 1.00 16.0–18.0 10.0–13.0 2.00–3.00 0.16–0.30 . . . . . .
S31700 317 0.08 2.00 0.045 0.030 1.00 18.0–20.0 11.0–15.0 3.0–4.0 . . . . . . . . .
S31703 317LC 0.030 2.00 0.045 0.030 1.00 18.0–20.0 11.0–15.0 3.0–4.0 . . . . . . . . .
S31725 317LM 0.030 2.00 0.045 0.030 1.00 18.0–20.0 13.5–17.5 4.0–5.0 0.20 . . . . . .
S31726 317LMN 0.030 2.00 0.045 0.030 1.00 17.0–20.0 13.5–17.5 4.0–5.0 0.10–0.20 . . . . . .
S31753 317LNC 0.030 2.00 0.045 0.030 1.00 18.0–20.0 11.0–14.0 3.0–4.0 0.10–0.22 . . . . . .
S32050 . . . 0.030 1.50 0.035 0.020 1.00 22.0–24.0 20.0–23.0 6.0–6.8 0.21–0.32 0.40 . . .
S32100 321 0.08 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . 0.10 . . . Ti 5x(C+N)-0.70
S32109 321H 0.04–0.10 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . 0.10 . . . Ti 4x(C+N)-0.70
S32615 . . . 0.07 2.00 0.045 0.030 4.8–6.0 16.5–19.5 19.0–22.0 0.30–1.50 . . . . . . Cu 1.50–2.50
S32654 . . . 0.020 2.0–4.0 0.030 0.005 0.50 24.0–25.0 21.0–23.0 7.0–8.0 0.45–0.55 . . . Cu 0.30–0.60
S33228 . . . 0.04–0.08 1.00 0.020 0.015 0.30 26.0–28.0 31.0–33.0 . . . . . . . . . Cb 0.60–1.00,

Al 0.025,
Ce 0.05–0.10

S33400 334C 0.08 1.00 0.030 0.015 1.00 18.0–20.0 19.0–21.0 . . . . . . . . . Al 0.15–0.60
Ti 0.15–0.60

S34565 . . . 0.030 5.0–7.0 0.030 0.010 1.00 23.0–25.0 16.0–18.0 4.0–5.0 0.40–0.60 . . . Cb 0.10
S34700 347 0.08 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . . . . Cb 10xC-1.10
S34709 347H 0.04–0.10 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . . . . Cb 8xC-1.10
S34751 . . . 0.015 2.00 0.020 0.030 0.75 17.0–20.0 9.0–13.0 . . . 0.06–0.10 . . . Cb 0.20-0.50
S34800 348 0.08 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . . . . Cb+Ta-10xC-

1.10, Ta 0.10,
Co 0.20

S34809 348H 0.04–0.10 2.00 0.045 0.030 1.00 17.0–19.0 9.0–12.0 . . . . . . . . . Cb+Ta 8xC-
1.10, Ta 0.10,

Co 0.20
S35045 . . . 0.06–0.10 1.50 0.045 0.015 1.00 25.0–29.0 32.0–37.0 . . . . . . 0.75 Al 0.15–0.60

Ti 0.15–0.60
S35315 . . . 0.04–0.08 2.00 0.045 0.030 1.20–2.00 24.0–26.0 34.0–36.0 . . . 0.12–0.18 . . . Ce 0.03–0.10
S38100 XM-15D 0.08 2.00 0.030 0.030 1.50–2.50 17.0–19.0 17.5–18.5 . . . . . . . . . . . .
S38400 . . . 0.04 2.00 0.045 0.030 1.00 15.0–17.0 17.0–19.0 . . . . . . . . . . . .
S38815 . . . 0.030 2.00 0.045 0.020 5.5–6.5 13.0–15.0 15.0–17.0 0.75–1.50 . . . 0.75–1.50 Al 0.30
S66220 622C 0.08 1.50 0.040 0.030 1.00 12.0–15.0 24.0–28.0 2.5–3.5 . . . . . . Cu 0.50, Ti

1.55–2.00,
Al 0.35,

B 0.001–0.010
S66286 . . . 0.08 2.00 0.040 0.030 1.00 13.5–16.0 24.0–27.0 1.00–1.50 . . . . . . Ti 1.90–2.35,

Al 0.35,
V 0.10–0.50,

B 0.003–0.010
N08020 . . . 0.07 2.00 0.045 0.035 1.00 19.0–21.0 32.0–38.0 2.00–3.00 . . . 3.0–4.0 Cb 8xCmin;

1.00 max
N08367 . . . 0.030 2.00 0.040 0.030 1.00 20.0–22.0 23.5–25.5 6.0–7.0 0.18–0.25 . . . Cu 0.75
N08800 800C 0.10 1.50 0.045 0.015 1.00 19.0–23.0 30.0–35.0 . . . . . . 0.75 FeE 39.5 min

Al 0.15–0.60
Ti 0.15–0.60

N08810 800HC 0.05–0.10 1.50 0.045 0.015 1.00 19.0–23.0 30.0–35.0 . . . . . . 0.75 FeE 39.5 min
Al 0.15–0.60
Ti 0.15–0.60

N08811 . . . 0.06–0.10 1.50 0.040 0.015 1.00 19.0–23.0 30.0–35.0 . . . . . . 0.75 FeE 39.5 min
Ti 0.15–0.60
Al 0.15–0.60

(Al+Ti)
0.85–1.20

N08904 904LC 0.020 2.00 0.040 0.030 1.00 23.0–28.0 19.0–23.0 4.0–5.0 0.10 . . . Cu 1.00–2.00
N08926 . . . 0.020 2.00 0.030 0.010 0.50 19.0–21.0 24.0–26.0 6.0–7.0 0.15–0.25 0.50

1.50
. . .

Austenite-Ferritic (Duplex) Grades

S31100 XM-26D 0.06 1.00 0.045 0.030 1.00 25.0–27.0 6.0–7.0 . . . . . . . . . Ti 0.25
S31200 . . . 0.030 2.00 0.045 0.030 1.00 24.0–26.0 5.5–6.5 1.20–2.00 0.14–0.20 . . .
S31260 . . . 0.030 1.00 0.030 0.030 0.75 24.0–26.0 5.5–7.5 2.5–3.5 0.10–0.30 . . . Cu 0.20–0.80,

W 0.10–0.50
S31500 . . . 0.030 1.20–2.00 0.030 0.030 1.40–2.00 18.0–19.0 4.3–5.2 2.50–3.00 0.05–0.10 . . . . . .
S31803 . . . 0.030 2.00 0.030 0.020 1.00 21.0–23.0 4.5–6.5 2.5–3.5 0.08–0.20 . . . . . .
S32001 . . . 0.030 4.0–6.0 0.040 0.030 1.00 19.5–21.5 1.00–3.00 0.60 0.05–0.17 1.00 . . .
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S32003 . . . 0.030 2.00 0.030 0.020 1.00 19.5–22.5 3.0–4.0 1.50–2.00 0.14–0.20 . . . . . .
S32205 2205C 0.030 2.00 0.030 0.020 1.00 22.0–23.0 4.5–6.5 3.0–3.5 0.14–0.20 . . . . . .
S32304 2304C 0.030 2.50 0.040 0.030 1.00 21.5–24.5 3.0–5.5 0.05–0.60 0.05–0.20 . . . Cu 0.05–0.60
S32520 . . . 0.030 1.50 0.035 0.020 0.80 24.0–26.0 5.5–8.0 3.0–5.0 0.20–0.35 0.50–3.00 . . .
S32550 255C 0.04 1.50 0.040 0.030 1.00 24.0–27.0 4.5–6.5 2.9–3.9 0.10–0.25 . . . Cu 1.50–2.50
S32740 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
S32750 2507C 0.030 1.20 0.035 0.020 0.80 24.0–26.0 6.0–8.0 3.0–5.0 0.24–0.32 . . . Cu 0.50
S32760 . . . 0.030 1.00 0.030 0.010 1.00 24.0–26.0 6.0–8.0 3.0–4.0 0.20–0.30 . . . Cu 0.50–1.00,

W 0.50–1.00,
%Cr+3.3x%Mo
+16x%N$40

S32900 329 0.08 1.00 0.040 0.030 0.75 23.0–28.0 2.5–5.0 1.00–2.00 . . . . . . . . .
S32906 . . . 0.030 0.80–1.50 0.030 0.030 0.50 28.0–30.0 5.8–7.5 1.50–2.60 0.30–0.40 0..80 . . .
S32950 . . . 0.030 2.00 0.035 0.010 0.60 26.0–29.0 3.5–5.2 1.00–2.50 0.15–0.35 . . . . . .
S39274 . . . 0.030 1.00 0.030 0.020 0.80 24.0–26.0 6.0–8.0 2.5–3.5 0.24–0.32 0.20–0.80 W 1.50–2.50
S39277 . . . 0.025 0.80 0.025 0.002 0.80 24.0–26.0 6.5–8.0 3.0–4.0 0.23–0.33 1.20

2.00
W 0.80–1.20

Ferritic Grades

S18200 XM-34D 0.08 2.50 0.040 0.15 min 1.00 17.5–19.5 . . . 1.50–2.50 . . . . . . . . .
S18235 . . . 0.025 0.50 0.040 0.15–0.35 1.00 17.5–18.5 1.00 2.00–2.50 0.025 . . . Ti 0.030–1.00,

C+N 0.035
S32803 . . . 0.015 0.50 0.020 0.005 0.55 28.0–29.0 3.0–4.0 1.80-2.50 0.020 . . . Cb 0.15-0.50,

12x (C+N)
min-(C+N)

0.030
S40500 405 0.08 1.00 0.040 0.030 1.00 11.5–14.5 0.50 . . . . . . . . . Al 0.10–0.30
S40800 . . . 0.08 1.00 0.045 0.045 1.00 11.5–13.0 0.80 . . . . . . . . . Ti 12xC-1.10
S40900 409 0.08 1.00 0.045 0.030 1.00 10.5–11.7 0.50 . . . . . . . . . Ti 6xC-0.75
S40910 . . . 0.030 1.00 0.040 0.020 1.00 10.5–11.7 0.50 . . . 0.030 . . . Ti 6x(C+N) min;

0.50 max
Cb 0.17 max

S40920 . . . 0.030 1.00 0.040 0.020 1.00 10.5–11.7 0.50 . . . 0.030 . . . Ti 8x(C+N) min;
0.15–0.50

Cb 0.10 max
S40930 . . . 0.030 1.00 0.040 0.020 1.00 10.5–11.7 0.50 . . . 0.030 . . . (Cb+Ti)

0.08+8(C+N)
min; 0.75 max;

Ti 0.05 min
S40940 409CbC 0.06 1.00 0.045 0.040 1.00 10.5–11.7 0.50 . . . . . . . . . Cb 10xC-0.75
S40945 . . . 0.030 1.00 0.040 0.030 1.00 10.5–11.7 0.50 . . . 0.030 . . . Cb 0.18–0.40,

Ti 0.05–0.20
S40975 . . . 0.030 1.00 0.040 0.030 1.00 10.5–11.7 0.50–1.00 . . . 0.030 . . . Ti 6(C+N) min;

0.75 max
S40976 . . . 0.030 1.00 0.040 0.030 1.00 10.5-11.7 0.75-1.00 . . . 0.040 . . . Ti 0.05 min

Cb 103(C+N)-
0.80

S40977 . . . 0.030 1.50 0.040 0.015 1.00 10.5-12.5 0.30-1.00 . . . 0.030 . . . . . .
S41045 . . . 0.030 1.00 0.040 0.030 1.00 12.0–13.0 0.50 . . . 0.030 . . . Cb 9x(C+N)-

0.60
S41050 . . . 0.04 1.00 0.045 0.030 1.00 10.5–12.5 0.60–1.10 . . . 0.10 . . . . . .
S41603 . . . 0.08 1.25 0.06 0.15 min 1.00 12.0–14.0 . . . . . . . . . . . .
S42035 . . . 0.08 1.00 0.045 0.030 1.00 13.5-15.5 1.00

2.50
0.20
1.20

. . . . . . Ti 0.30-0.50

S42900 429C 0.12 1.00 0.040 0.030 1.00 14.0–16.0 . . . . . . . . . . . . . . .
S43000 430 0.12 1.00 0.040 0.030 1.00 16.0–18.0 . . . . . . . . . . . . . . .
S43020 430F 0.12 1.25 0.06 0.15 min 1.00 16.0–18.0 . . . . . . . . . . . .
S43023 430FSeC 0.12 1.25 0.06 0.06 1.00 16.0–18.0 . . . . . . . . . . . . Se 0.15 min
S43035 439 0.030 1.00 0.040 0.030 1.00 17.0–19.0 0.50 . . . 0.030 . . . Al 0.15, Ti 0.20+

4x(C+N)–1.10
S43036 430TiC 0.10 1.00 0.040 0.030 1.00 16.0–19.5 0.75 . . . . . . . . . Ti 5xC-0.75
S43400 434 0.12 1.00 0.040 0.030 1.00 16.0–18.0 . . . 0.75–1.25 . . . . . . . . .
S43600 436 0.12 1.00 0.040 0.030 1.00 16.0–18.0 . . . 0.75–1.25 . . . . . . Cb 5xC min;

0.80 max
S43932 . . . 0.030 1.00 0.040 0.030 1.00 17.0–19.0 0.50 . . . 0.030 . . . Ti+Cb

0.20+4(C+N)
min; 0.75 max
Al 0.15 max

S43940 . . . 0.030 1.00 0.040 0.015 1.00 17.5-18.5 . . . . . . . . . . . . Ti 0.10-0.60
Cb 0.30+33C

min
S44200 442C 0.20 1.00 0.040 0.040 1.00 18.0–23.0 0.60 . . . . . . . . . . . .
S44300 443C 0.20 1.00 0.040 0.030 1.00 18.0–23.0 0.50 . . . . . . . . . Cu 0.90–1.25
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TABLE 1 Continued

UNS
Designation

TypeB Carbon Manganese
Phos-
phorus

Sulfur Silicon Chromium Nickel Molybdenum Nitrogen Copper
Other

Elements

S44400 444 0.025 1.00 0.040 0.030 1.00 17.5–19.5 1.00 1.75–2.50 0.035 . . . (Ti+Cb) 0.20+4x
(C+N)-0.80

S44500 . . . 0.020 1.00 0.040 0.012 1.00 19.0–21.0 0.60 . . . 0.03 . . . Cu 0.30–0.60,
Cb 10x(C+N)-

0.80
S44600 446 0.20 1.50 0.040 0.030 1.00 23.0–27.0 0.75 . . . 0.25 . . . . . .
S44626 XM-33D 0.06 0.75 0.040 0.020 0.75 25.0–27.0 0.50 0.75–1.50 0.040 . . . Cu 0.20,

Ti 7x(C+N)-
1.00, and Ti

0.20 min
S44627 XM-27D 0.010 0.40 0.020 0.020 0.40 25.0–27.5 0.50 0.75–1.50 0.015 . . . Cu 0.20, Cb

0.05–0.20,
Ni+Cu 0.50

S44635 25-4-4C 0.025 1.00 0.040 0.030 0.75 24.5–26.0 3.5–4.5 3.5–4.5 0.035 . . . Ti+Cb 0.20+4x
(C+N)-0.80

S44660 26-3-3C 0.030 1.00 0.040 0.030 1.00 25.0–28.0 1.0–3.5 3.0–4.0 0.040 . . . Ti+Cb 6x(C+N)-
1.00, and Ti-Cb

0.20 min
S44700 29-4C 0.010 0.30 0.025 0.020 0.20 28.0–30.0 0.15 3.5–4.2 0.020 . . . Cu 0.15, C+N

0.025
S44735 29-4CC 0.030 1.00 0.040 0.030 1.00 28.0–30.0 1.00 3.6–4.2 0.045 . . . Ti+Cb 6x(C+N)-

1.00, and Ti-Cb
0.20 min

S44800 29-4-2C 0.010 0.30 0.025 0.020 0.20 28.0–30.0 2.00–2.50 3.5–4.2 0.020 . . . Cu 0.15, C+N
0.025

S46800 .. . . 0.030 1.00 0.040 0.030 1.00 18.0–20.0 0.50 . . . 0.030 . . . Ti 0.07–0.30,
Cb 0.10–0.60,

and Ti+Cb
0.20+4x(C+N)

-0.80

Martensitic Grades

S40300 403 0.15 1.00 0.040 0.030 0.50 11.5–13.0 . . . . . . . . . . . . .. . .
S41000 410 0.15 1.00 0.040 0.030 1.00 11.5–13.5 . . . . . . . . . . . . . . .
S41003 . . . 0.030 1.50 0.040 0.030 1.00 10.5–12.5 1.50 . . . 0.030 . . . . . .
S41005 . . . 0.10–0.15 0.25–0.80 0.018 0.015 0.50 11.5–13.0 0.75 0.50 0.08 0.15 W 0.10

Al 0.025
Cb 0.20
Ti 0.15
Sn 0.05

S41008 410S 0.08 1.00 0.040 0.030 1.00 11.5–13.5 . . . . . . . . . . . . . . .
S41026 . . . 0.15 1.00 0.02 0.02 1.00 11.5–13.5 1.00–2.00 0.40–0.60 . . . . . . Cu 0.50
S41040 410CbC 0.18 1.00 0.040 0.030 1.00 11.5–13.0 . . . . . . . . . .. . . Cb 0.05–0.30
S41041 . . . 0.13–0.18 0.40–0.60 0.030 0.030 0.50 11.5–13.0 0.50 0.20 . . . . . . Al 0.05,

Cb 0.15–0.45
S41400 414 0.15 1.00 0.040 0.030 1.00 11.5–13.5 1.25–2.50 . . . . . . . . . . . .
S41425 . . . 0.05 0.50-1.00 0.020 0.005 0.50 12.0–15.0 4.0–7.0 1.50-2.00 0.06-0.12 0.30 . . .
S41428 . . . 0.10–0.17 0.65–1.05 0.020 0.015 0.10–0.35 11.3–12.7 2.3–3.2 1.50–2.00 0.020–0.045 0.15 W 0.10

Al 0.025
Ti 0.05
Sn 0.05

V 0.25–0.40
S41500 . . . 0.05 0.50–1.00 0.030 0.030 0.60 11.5–14.0 3.5–5.5 0.50–1.00 . . . . . . . . .
S41600 416 0.15 1.25 0.06 0.15 min 1.00 12.0–14.0 . . . . . . . . . . . . . . .
S41610 XM-6D 0.15 1.50–2.50 0.06 0.15 min 1.00 12.0–14.0 . . . . . . . . . . . . . . .
S41623 416SeC 0.15 1.25 0.06 0.06 1.00 12.0–14.0 . . . . . . . . . . . . Se 0.15 min
S41800 615C 0.15–0.20 0.50 0.040 0.030 0.50 12.0–14.0 1.80–2.20 0.50 . . . . . . W 2.5–3.5
S42000 420 0.15 min 1.00 0.040 0.030 1.00 12.0–14.0 . . . . . . . . . . . . . . .
S42010 . . . 0.15–0.30 1.00 0.040 0.030 1.00 13.5–15.0 0.35–0.85 0.40–0.85 . . . . . . . . .
S42020 420F 0.30–0.40 1.25 0.06 0.15 min 1.00 12.0–14.0 . . . 0.50 . . . . . . . . .
S42023 420FSeC 0.20–0.40 1.25 0.06 0.06 1.00 12.0–14.0 . . . 0.50 . . . . . . Se 0.15 min
S42200 616C 0.20–0.25 0.50–1.00 0.025 0.025 0.50 11.0–12.5 0.50–1.00 0.90–1.25 . . . .. . . V 0.20–0.30,

W 0.90–1.25
S42225 . . . 0.20–0.25 0.50–1.00 0.020 0.010 0.20–0.50 11.0–12.5 0.50–1.00 0.90–1.25 . . . 0.15 W 0.90–1.25

Al 0.025
Cb 0.05
Co 0.20
Ti 0.025
Sn 0.02

V 0.20–0.30
S42300 619C 0.27–0.32 0.95–1.35 0.025 0.025 0.50 11.0–12.0 0.50 2.50–3.00 . . . . . . V 0.20–0.30
S43035 439 0.030 1.00 0.040 0.030 1.00 17.0–19.0 0.50 . . . 0.030 . . . Ti 0.20+4

(C+N)–1.10,
Al 0.15
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SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last edition (A 959-01)
that may impact the use of this standard (approved April 2003).

(1) Added five new grades to Table 1.

TABLE 1 Continued

UNS
Designation

TypeB Carbon Manganese
Phos-
phorus

Sulfur Silicon Chromium Nickel Molybdenum Nitrogen Copper
Other

Elements

S43100 431 0.20 1.00 0.040 0.030 1.00 15.0–17.0 1.25–2.50 . . . . . . . . . . . .
S44002 440A 0.60–0.75 1.00 0.040 0.030 1.00 16.0–18.0 . . . 0.75 . . . . . . . . .
S44003 440B 0.75–0.95 1.00 0.040 0.030 1.00 16.0–18.0 . . . 0.75 . . . . . . . . .
S44004 440C 0.95–1.20 1.00 0.040 0.030 1.00 16.0–18.0 . . . 0.75 . . . . . . . . .
S44020 440FC 0.95–1.20 1.25 0.06 0.15 min 1.00 16.0–18.0 . . . . . . . . . . . . . . .
S44023 440FSeC 0.95–1.20 1.25 0.06 0.06 1.00 16.0–18.0 . . . . . . . . . . . . Se 0.15 min
S44025 . . . 0.95–1.10 0.30–1.00 0.025 0.025 0.30–1.00 16.0–18.0 0.75 0.40–0.65 . . . . . . Cu 0.50
S64512 XM-32D 0.08–0.15 0.50–0.90 0.025 0.025 0.35 11.0–12.5 2.00–3.00 1.50–2.00 0.01–0.05 . . . V 0.25–0.40

Precipitation Hardening Grades

S13800 XM-13D 0.05 0.20 0.010 0.008 0.10 12.3–13.2 7.5–8.5 2.00–3.00 0.01 . . . Al 0.90–1.35
S15500 XM-12D 0.07 1.00 0.040 0.030 1.00 14.0–15.5 3.5–5.5 . . . . . . . . . Cu 2.5–4.5,

Cb 0.15–0.45
S15700 632C 0.09 1.00 0.040 0.030 1.00 14.0–16.0 6.5–7.7 2.00–3.00 . . . . . . Al 0.75–1.50
S17400 630C 0.07 1.00 0.040 0.030 1.00 15.0–17.0 3.0–5.0 . . . . . . . . . Cu 3.0–5.0,

Cb 0.15–0.45
S17600 635C 0.08 1.00 0.040 0.030 1.00 16.0–17.5 6.0–7.5 . . . . . . . . . Al 0.40,

Ti 0.40–1.20
S17700 631C 0.09 1.00 0.040 0.030 1.00 16.0–18.0 6.5–7.7 . . . . . . . . . Al 0.75–1.50
S35000 633C 0.07–0.11 0.50–1.25 0.040 0.030 0.50 16.0–17.0 4.0–5.0 2.5–3.2 0.07–0.13 . . . . . .
S35500 634C 0.10–0.15 0.50–1.25 0.040 0.030 0.50 15.0–16.0 4.0–5.0 2.5–3.2 0.07–0.13 . . . Cb 0.10–0.50
S45000 XM-25D 0.05 1.00 0.040 0.030 1.00 14.0–16.0 5.0–7.0 0.50–1.00 . . . . . . Cu 1.25–1.75,

Cb 8xC min
S45500 XM-16D 0.03 0.50 0.040 0.030 0.50 11.0–12.5 7.5–9.5 0.50 . . . . . . Cu 1.50–2.50,

Ti 0.80–1.40,
Cb 0.10–0.50

S45503 . . . 0.010 0.50 0.010 0.010 0.20 11.0–12.5 7.5–9.5 0.50 . . . . . . Cu 1.50–2.50,
Ti 1.00–1.35,
Cb 0.10–0.50

S46500 . . . 0.020 0.25 0.015 0.010 0.25 11.0–12.5 10.7–11.3 0.75–1.25 0.010 . . . Ti 1.50–1.80
S63198 651C 0.28–0.35 0.75–1.50 0.040 0.030 0.30–0.80 18.0–21.0 8.0–11.0 1.00–1.75 . . . 0.50 W 1.00–1.75

Ti 0.10–0.35
Cb 0.25–0.60

S66220 662C 0.08 0.40–1.00 0.040 0.030 0.40–1.00 12.0–15.0 24.0–28.0 2.0–3.5 . . . 0.50 Ti 1.80–2.10
Al 0.35

B 0.001–0.010
S66286 660C 0.08 2.00 0.040 0.030 1.00 13.5–16.0 24.0–27.0 1.00–1.50 . . . . . . Ti 1.90–2.35

Al 0.35
V 0.10–0.50

B 0.001–0.010
S66545 665C 0.08 1.25–2.00 0.040 0.030 0.10–0.80 12.0–15.0 24.0–28.0 1.25–2.25 . . . 0.25 Ti 2.7–3.3

Al 0.25
B 0.01–0.07

A Maximum, unless range or minimum is indicated.
B Unless otherwise indicated, a grade designation originally assigned by the American Iron and Steel Institute (AISI).
C Common type number, not a trademark, widely used; not associated with any one product.
D Numbering system developed and applied by ASTM.
E Iron shall be determined arithmetically by difference of 100 minus the sum of the other specified elements.
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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: A 967 – 01 An American National Standard

Standard Specification for
Chemical Passivation Treatments for Stainless Steel Parts 1

This standard is issued under the fixed designation A 967; 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 several different types of
chemical passivation treatments for stainless steel parts. It
includes recommendations and precautions for descaling,
cleaning, and passivation of stainless steel parts. It includes
several alternative tests, with acceptance criteria, for confirma-
tion of effectiveness of such treatments for stainless steel parts.

1.2 Practices for the mechanical and chemical treatments of
stainless steel surfaces are discussed more thoroughly in
Practice A 380.

1.3 Several alternative chemical treatments are defined for
passivation of stainless steel parts. Appendix X1 gives some
nonmandatory information and provides some general guide-
lines regarding the selection of passivation treatment appropri-
ate to particular grades of stainless steel but makes no
recommendations regarding the suitability of any grade, treat-
ment, and acceptance criteria for any particular application or
class of applications.

1.4 The tests in this specification are intended to confirm the
effectiveness of passivation, particularly with regard to the
removal of free iron and other exogenous matter. These tests
include the following practices:

1.4.1 Practice A—Water Immersion Test,
1.4.2 Practice B—High Humidity Test,
1.4.3 Practice C—Salt Spray Test,
1.4.4 Practice D—Copper Sulfate Test,
1.4.5 Practice E—Potassium Ferricyanide–Nitric Acid Test,

and
1.4.6 Practice F—Free Iron Test.
1.5 The values stated in inch-pound units are to be regarded

as the standard. The SI units given in parentheses are for
information only.

1.6 The following precautionary caveat pertains only to the
test method portions, Sections 14 through 18 of this specifica-
tion: 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:
A 380 Practice for Cleaning, Descaling, and Depassivation

of Stainless Steel Parts, Equipment, and Systems2

B 117 Practice for Operating Salt Spray (Fog) Apparatus3

B 254 Practice for Preparation of and Electroplating on
Stainless Steel4

2.2 Federal Specification:
QQ-P-35C Passivation Treatments for Corrosion-Resistant

Steels5

3. Terminology

3.1 Definition of Term Specific to This Standard—It is
necessary to define which of the several commonly used
definitions of the termpassivation will be used in this
specification. (See Discussion.)

3.1.1 Discussion—Stainless steels are autopassivating in the
sense that the protective passive film is formed spontaneously
on exposure to air or moisture. The presence of exogenous
surface contamination, including dirt, grease, free iron from
contact with steel tooling, and so forth, may interfere with the
formation of the passive film. The cleaning of these contami-
nants from the stainless steel surface will facilitate the spon-
taneous passivation by allowing the oxygen uniform access to
the surface. The passive film may be augmented by chemical
treatments that provide an oxidizing environment for the
stainless steel surface.

3.1.1.1 In this specification, passivation, unless otherwise
specified, is defined as the chemical treatment of a stainless
steel with a mild oxidant, such as a nitric acid solution, for the
purpose of the removal of free iron or other foreign matter, but
which is generally not effective in removal of heat tint or oxide
scale on stainless steel. In the case of stainless steels with
additions of sulfur for the purpose of improved machinability,
passivation may also include the removal of sulfides from the
surface of the metal for the purpose of maximizing corrosion
resistance.

3.1.1.2 The formation of the protective passive film on a
stainless steel, also called passivation in a more general

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.14 on Methods of Corrosion Testing.

Current edition approved Oct. 10, 2001. Published December 2001. Originally
published as A 967 – 96. Last previoius edition A 967 – 99.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 03.02.
4 Annual Book of ASTM Standards, Vol 02.05.
5 Available from Superintendent of Documents, U.S. Government Printing

Office, Washington, DC 20402.
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context, will occur spontaneously in air or other oxygen-
containing environment when the stainless steel surface is free
of oxide scale and exogenous matter.

3.1.1.3 Chemical treatments, such as sodium dichromate
solutions, may facilitate the more rapid formation of the
passive film on a stainless steel surface already free of scale or
foreign matter. Such treatments, also sometimes called passi-
vation in common usage, are designated as post-cleaning
treatments in this specification in order to distinguish them
from chemical treatments capable of removing free iron from
stainless steels.

3.1.1.4 The chemical treatments capable of removing heat
tint or oxide scale from stainless steel and capable of dissolving
the stainless steel itself, typically called pickling, are substan-
tially more aggressive than treatments used for passivation, as
defined in 3.1.1.1. The surface of stainless steel that has been
pickled is free of scale, free iron, and exogenous foreign
matter, and does not require a separate treatment for passiva-
tion as defined in 3.1.1.1. The passivation process defined in
3.1.1.2 will occur without further chemical treatment but may
be augmented and improved by the post-cleaning treatments
defined in 3.1.1.3.

3.1.1.5 The chemical treatments capable of removing heat
tint or oxide scale from stainless steel and capable of dissolving
the stainless steel itself, typically called pickling, are substan-
tially more aggressive than treatments used for passivation, as
defined in 3.1.1.1. The surface of stainless steel that has been
pickled is free of scale, free iron, and exogenous foreign
matter, and does not require a separate treatment for passiva-
tion as defined in 3.1.1.1. The passivation process defined in
3.1.1.2 will occur without further chemical treatment, but may
be augmented and improved by the post-cleaning treatments
defined in 3.1.1.3.

3.1.1.6 Electrochemical treatments, including electropick-
ling and electropolishing capable of removing heat tint or oxide
scale from stainless steel and capable of dissolving the stainless
steel itself, are substantially more aggressive than treatments
used for passivation, as defined in 3.1.1.1. The surface of
stainless steel resulting from these treatments is free of scale,
free iron, and exogenous foreign matter, and does not require a
separate treatment for passivation as defined in 3.1.1.1. The
passivation process defined in 3.1.1.2 will occur without
further chemical treatment, but may be augmented and im-
proved by the post-cleaning treatments defined in 3.1.1.3.
Statements regarding chemical treatments, unless otherwise
specified, are taken to include electrochemical treatments.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify a test
practice appropriate to any particular material and application.
This specification was written for the purpose of providing an
alternative to United States Federal Specification QQ-P-35C.
Determination of the suitability of this specification for that
purpose is the responsibility of the purchaser.

4.2 Unless specified by the purchaser, the chemical treat-
ment applied to the stainless steel parts shall be selected by the
seller from among the listed passivation treatments.

5. Materials and Preparation for Passivation Treatments

5.1 The passivation treatments shall be of one or more of the
following types. The effectiveness of a particular treatment for
a particular grade of stainless steel in a particular application is
demonstrated by meeting the specified testing requirements:

5.1.1 Treatments in nitric acid,
5.1.2 Treatments in citric acid,
5.1.3 Other chemical treatments, including electrochemical

treatments,
5.1.4 Neutralization, and
5.1.5 Post-cleaning treatments.
5.2 Materials:
5.2.1 The chemicals used for passivation treatments shall

produce passivated surfaces that meet the requirements of one
or more of the tests of this specification. Attention shall be
given to maintaining adequate volume, concentration, purity,
and temperature control appropriate to the size and amount of
stainless steel to be treated.

5.2.2 The processor shall maintain a record with regard to
concentration and temperature of the passivation solution
sufficient to demonstrate that the specified passivation condi-
tions were maintained for each lot of stainless steel parts
processed. Such records shall be available for inspection when
specified in the purchase order. The processor is not required to
reveal the precise composition of proprietary chemical mix-
tures but shall maintain a unique identification of the mixture
that will ensure its accurate representation for subsequent use.

5.2.3 The processor shall be responsible for the safe dis-
posal of all material generated by this process.

5.3 Preparation for Passivation Treatments:
5.3.1 The pretreatment methods and procedures used prior

to the passivation treatment, including mechanical and chemi-
cal methods, singly or in combination, for descaling and
pickling, shall be in accordance with Practice A 380. When
electrochemical cleaning is required, it shall be performed in
accordance with Practice B 254.

5.3.2 The resulting pretreated surface shall be substantially
free of oil, grease, rust, scale, and other foreign matter.

5.3.3 When the final pretreatment of a part includes pickling
of the entire surface of the part, no further passivation
treatment is required prior to testing of the surface unless
specified by the purchaser.

6. Treatments in Nitric Acid Solutions

6.1 Passivation Treatment:
6.1.1 Stainless steel parts shall be treated in one of the

following aqueous solutions and maintained within the speci-
fied temperature range for the specified time.

6.1.1.1 Nitric 1—The solution shall contain 20 to 25 volume
percent of nitric acid and 2.5 + 0.5 weight percent of sodium
dichromate. The parts shall be immersed for a minimum of 20
min at a temperature in the range from 120 to 130°F (49 to
54°C).

6.1.1.2 Nitric 2—The solution shall contain 20 to 45 volume
percent of nitric acid. The parts shall be immersed for a
minimum of 30 min at a temperature in the range from 70 to
90°F (21 to 32°C).

6.1.1.3 Nitric 3—The solution shall contain 20 to 25 volume
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percent nitric acid. The parts shall be immersed for a minimum
of 20 min at a temperature in the range from 120 to 140°F (49
to 60°C).

6.1.1.4 Nitric 4—The solution shall contain 45 to 55 volume
percent of nitric acid. The parts shall be immersed for a
minimum of 30 min at a temperature in the range from 120 to
130°F (49 to 54°C).

6.1.1.5 Nitric 5—Other combinations of temperature, time,
and concentration of nitric acid, with or without other chemi-
cals, including accelerants, inhibitors, or proprietary solutions,
capable of producing parts that pass the specified test require-
ments.

6.2 Water Rinse—Immediately after removal from the pas-
sivating solution the parts shall be thoroughly rinsed, using
stagnant, countercurrent, or spray washes singly or in combi-
nation, with or without a separate chemical treatment for
neutralization (see 9.1) of the passivation media, with a final
rinse being carried out using water with a maximum total solids
content of 200 ppm.

7. Treatments in Citric Acid

7.1 Passivation Treatment:
7.1.1 Stainless steel parts shall be treated in one of the

following aqueous solutions and maintained within the speci-
fied temperature range for the specified time.

7.1.1.1 Citric 1—The solution shall contain 4 to 10 weight
percent of citric acid. The parts shall be immersed for a
minimum of 4 min at a temperature in the range from 140 to
160°F (60 to 71°C).

7.1.1.2 Citric 2—The solution shall contain 4 to 10 weight
percent of citric acid. The parts shall be immersed for a
minimum of 10 min at a temperature in the range from 120 to
140°F (49 to 60°C).

7.1.1.3 Citric 3—The solution shall contain 4 to 10 weight
percent of citric acid. The parts shall be immersed for a
minimum of 20 min at a temperature in the range from 70 to
120°F (21 to 49°C).

7.1.1.4 Citric 4—Other combinations of temperature, time,
and concentration of citric acid, with or without other chemi-
cals to enhance cleaning, including accelerants, inhibitors, or
proprietary solutions capable of producing parts that pass the
specified test requirements.

7.1.1.5 Citric 5—Other combinations of temperature, time,
and concentrations of citric acid, with or without other chemi-
cals to enhance cleaning, including accelerants, inhibitors, or
proprietary solutions capable of producing parts that pass the
specified test requirements. Immersion bath to be controlled at
a pH of 1.8–2.2.

7.2 Water Rinse—Immediately after removal from the pas-
sivating solution, the parts shall be thoroughly rinsed, using
stagnant, countercurrent, or spray washes, singly or in combi-
nation, with or without a separate chemical treatment for
neutralization of the passivation media (see 9.2), with a final
rinse being carried out using water with a maximum total solids
content of 200 ppm.

8. Treatments in Other Chemical Solutions, Including
Electrochemical Treatments

8.1 It is recognized that the purpose of removal of all

exogenous matter from a stainless steel surface, including the
removal of free iron, can be accomplished by different media,
with potential for benefits to be gained from use of proprietary
skills and art, including proprietary passivation media. Such
treatments may include externally applying an electrical po-
tential on the stainless steel parts, as in the case of electropol-
ishing. The suitability of such passivation treatments for use in
meeting the requirements of this specification shall be deter-
mined by the capability of the processed parts meeting the
specified test requirements.

8.2 Stainless steel parts shall be treated in a specified
aqueous solution, with or without externally applied electrical
potential, and maintained within a specified temperature range
for a time sufficient for the processed parts to meet the
specified test requirement.

8.3 Water Rinse—Immediately after removal from the pas-
sivating solution, the parts shall be thoroughly rinsed, using
stagnant, countercurrent, or spray washes, singly or in combi-
nation, with or without a separate chemical treatment for
neutralization of the passivation media (see 9.2), with a final
rinse being carried out using water with a maximum total solids
content of 200 ppm.

9. Neutralization

9.1 The chemical reactions of the passivating media on the
surface of the stainless steel shall be stopped by rinsing of the
stainless steel part, with or without a separate neutralization
treatment.

9.2 The suitability of a neutralization procedure is deter-
mined by the capability of the processed parts meeting the
specified test requirements. (See Note 1.)

NOTE 1—The selection of medium and procedures for a neutralization
depends of the chemistry of the passivation and on economic consider-
ations. An example of a neutralizing treatment would be immersion of the
part for a minimum of 30 min in a solution of 5 % NaOH at 160 to 180°F
(71 to 82°C), followed by a water rinse.

10. Post-Cleaning Treatments

10.1 Although the passive film characteristic of stainless
steel will form spontaneously in air or any other oxygen-
containing environment, the processor shall, when specified,
apply a chemical treatment that will accelerate the formation of
the passive film on a chemically clean stainless steel surface.
An example of a medium that serves to accelerate the forma-
tion of the passive film but does not contribute to the removal
of free iron from the stainless steel surface would be an
aqueous solution of sodium dichromate.

10.2 When specified, within one hour after the final water
rinse as required in 6.2, 7.2, or 8.2, all ferritic and martensitic
steel parts shall be immersed in an aqueous solution containing
4 to 6 weight percent of sodium dichromate at a temperature in
the range from 140 to 160°F (60 to 71°C) for a minimum of 30
min, followed by a rinse in accordance with 6.2, 7.2, or 8.2.
The parts shall then be thoroughly dried.

10.3 The purchaser may specify other post-cleaning treat-
ments.

11. Finish

11.1 The passivated parts shall exhibit a chemically clean
surface and shall, on visual inspection, show no etching,
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pitting, or frosting resulting from the passivation procedures.

12. Testing Agency

12.1 When required, the purchaser shall be permitted to
perform such inspections as necessary to determine that the
testing agency is capable of performing the specified test.

13. Lot, Frequency of Testing, and Selection of Test

13.1 Definition of Lot—A lot shall consist of one of the
following, at the option of the processor:

13.1.1 The passivated parts of similar alloy and manufac-
turing methods that are pretreated and passivated in a single
day or within a time frame that will ensure consistent passiva-
tion results;

13.1.2 The passivated parts of the same product of one size
from one heat in one shipment; or

13.1.3 When few parts are involved, the passivated parts
from an entire production run.

13.2 Unless a greater frequency of testing is specified on the
purchase order, one test per lot shall be sufficient.

13.3 One or more of the following tests, when specified on
the purchase order, shall be performed on each lot of stainless
steel parts. Not all of the following tests are suitable for all
grades of stainless steel. (See Note 2.)

13.3.1 Practice A—Water Immersion Test,
13.3.2 Practice B—High Humidity Test,
13.3.3 Practice C—Salt Spray Test,
13.3.4 Practice D—Copper Sulfate Test, and
13.3.5 Practice E—Potassium Ferricyanide–Nitric Acid

Test.

NOTE 2—Some of the tests may produce positive indications not
associated with the presence of free iron on the stainless steel surface. An
example would be application of Practice C on some lesser-alloyed
martensitic or ferritic stainless steels.

14. Practice A—Water Immersion Test

14.1 This test is used for the detection of free iron or any
other anodic surface contaminants on stainless steel.

14.2 The sample representing the lot of passivated parts
shall be alternately immersed in a non-rusting tank of distilled
water for 1 h and allowed to dry in air for 1 h. This cycle shall
be repeated a minimum of twelve times.

14.3 The tested sample shall not exhibit rust or staining
attributable to the presence of free iron particles embedded in
the surface.

15. Practice B—High Humidity Test

15.1 This test is used for the detection of free iron or any
other anodic surface contaminants on stainless steel.

15.2 The test shall be performed using a humidity cabinet
capable of maintaining the specified test conditions.

15.3 The sample representing the lot of passivated parts
shall be cleaned by immersion in acetone or methyl alcohol or
by swabbing with a clean gauze saturated with acetone or
methyl alcohol, and dried in an inert atmosphere or desiccated
container. The cleaned and dried part shall be subjected to 97
6 3 % humidity at 1006 5°F (386 3°C) for a minimum of
24 h.

15.4 The tested sample shall not exhibit rust or staining

attributable to the presence of free iron particles imbedded in
the surface.

16. Practice C—Salt Spray Test

16.1 This test is used for the detection of free iron or any
other anodic surface contaminants on stainless steel.

16.2 The sample representing the lot of passivated parts
shall be tested by the salt spray test conducted in accordance
with Practice B 117 for a minimum of 2 h using a 5 % salt
solution.

16.3 The tested sample shall not exhibit rust or staining
attributable to the presence of free iron particles imbedded in
the surface.

17. Practice D—Copper Sulfate Test

17.1 This test is recommended for the detection of free iron
on the surface of austenitic stainless steels in the 200 and 300
series, precipitation hardened stainless steels, and ferritic 400
series stainless steels having a minimum of 16 % chromium.
This test is not recommended for martensitic 400 series
stainless steels or for ferritic 400 series stainless steels with less
than 16 % chromium because these steels will give a positive
indication irrespective of the presence or absence of anodic
surface contaminants. This test shall not be applied to parts to
be used in food processing.

17.2 The test solution is prepared by dissolving 4 g of
copper sulfate pentahydrate (CuSO4·5H2O) in 250 mL of
distilled water to which 1 mL of sulfuric acid (H2SO4, sp gr
1.84) has been added. Aqueous copper sulfate solutions more
than two weeks old shall not be used for this test.

17.3 The test solution is swabbed on the surface of the
sample representing the lot of passivated parts, applying
additional solution as needed to keep the surface wet for a
period of at least 6 min. At the end of this period, the surface
shall be carefully rinsed and dried with care taken not to disturb
copper deposits if present.

17.4 The tested sample shall not exhibit copper deposits.

18. Practice E—Potassium Ferricyanide–Nitric Acid Test

18.1 This test is recommended when detection of very small
amounts of free iron is required. It is recommended for
detection of free iron on austenitic 200 and 300 series stainless
steels. This test is not recommended for detection of free iron
on ferritic or martensitic 400 series stainless steels, because
these steels will give a positive indication irrespective of the
presence or absence of anodic surface contaminants. This test
shall not be applied to parts to be used in food processing.

18.2 The test solution is prepared by adding 10 g of
chemically pure potassium ferricyanide to 500 mL of distilled
water, adding 30 mL of 70 % nitric acid, agitating until all of
the ferricyanide is dissolved, and diluting to 1000 mL with
distilled water. The test solution shall be mixed fresh on the day
of the test.

18.3 The test solution is swabbed on the surface of the
sample representing the lot of passivated parts. The formation
of a dark blue color within 30 s denotes the presence of
metallic iron.

18.4 The tested sample shall not exhibit the dark blue color
indicative of free iron on the surface.
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18.5 When the test is negative, the surface shall be thor-
oughly washed with warm water to removal all traces of the
test solution. When the test is positive, the dark blue stain shall
be removed with a solution of 10 % acetic acid and 8 % oxalic
acid, followed by a thorough hot water rinse.

19. Practice F—Free Iron Test

19.1 This test is used for the detection of free iron on the
surface of stainless steel. It is especially useful for large parts
that have been uniformly cleaned but that are inconvenient for
reasons of size of equipment or ease of handling of the part to
place in the environments defined in Practice A (Section 14) or
Practice B (Section 15). Unless otherwise specified by the
purchaser, the number of tests and the locations of the tests
shall be at the option of the processor to assure a representative
testing of the part.

19.2 The test is performed by placing a clean cloth pad that
has been thoroughly soaked with distilled or deminaralized
water on the surface of the part at a part temperature of 50°F
(10°C) or greater for a period of not less than 60 minutes. The
cloth shall be in contact with the steel for an area of at least 20
square inches (130 cm2). The pad shall be maintained wet
through the test period, either by a method of retarding external
evaporation, by the further addition of potable water, or by
backing the pad with a sponge or similar water source. The
cloth pad used shall be used for only one such test, being
changed for each test so as to avoid risk of contamination.

After removal of the cloth pad, the surface of the part shall be
allowed to dry in air before inspection.

19.3 The tested part shall not exhibit rust or staining
attributable to the presence of free iron particles embedded in
the surface.

20. Rejection and Retest

20.1 Any lot failing to meet the specified test requirements
of the purchase order shall be rejected. A rejected lot may, at
the option of the processor, be re-passivated, with or without
re-pretreatment, and then be retested. The number of samples
tested from a lot subject to retest shall be twice the original
specified test frequency, to the limit of the number of pieces in
the lot. All samples must pass the specified acceptance criterion
for the specified test for the retested lot to be accepted.

21. Precision and Bias

21.1 No statement is made concerning either the precision
or bias of Practices A, B, C, D, and E because the results state
merely whether there is conformance to the criteria for success
specified in the procedure.

22. Certification

22.1 When specified in the purchase order, a report of the
practice and tests used, including the record of process condi-
tions when specified in accordance with 3.1.1.2, shall be
supplied to the purchaser.

APPENDIX

(Nonmandatory Information)

X1. INFORMATION REGARDING PASSIVATION TREATMENTS

NOTE X1.1—The following information is based on a section of Federal
Specification QQ-P-35C (Oct. 28, 1988) identified as information of a
general or explanatory nature that may be helpful, but is not mandatory.
Minor changes have been made in the text to facilitate references to the
main document and to correct technical inaccuracies.

X1.1 Intended Use—The passivation treatments provided
by this specification are intended to improve the corrosion
resistance of parts made from stainless steels of all types.

X1.1.1 During processing operations such as forming, ma-
chining, tumbling, and lapping, iron particles or other foreign
particles may become smeared over or imbedded into the
surface of stainless steel parts. These particles must be re-
moved or they will appear as rust or stain spots. This condition
may be prevented by chemically treating the parts to remove
the iron particles or other foreign particles, and then allowing
the passive film to form on the cleaned surface, with or without
chemical enhancement of the formation of this oxide film.

X1.1.2 This specification is not intended for the black oxide
coating of parts typically used for photographic or optical
instruments.

X1.2 Ordering Data—Purchasers should select the pre-
ferred options permitted by this specification and include the
following information in the purchase order:

X1.2.1 Title, number, and date of this specification;
X1.2.2 Identification of material by type and applicable

product specification;
X1.2.3 Test practices to be imposed (see 1.4);
X1.2.4 Definition of lot size, if other than described in this

specification; and
X1.2.5 Required documentation, if other than the minimum

required by this specification.

X1.3 Grades of Stainless Steel—Different types of stainless
steel are selected on a basis of properties required, for example,
corrosion resistance and design criteria, and fabrication re-
quirements. Table X1.1 is a compilation that serves as a guide
for the selection of passivation treatment for different grades,
but is far from complete either in grades or in passivation
treatments.

X1.4 Clean Water—Clean water is defined as water con-
taining a maximum total solid content of 200 ppm. Rinsing can
be accomplished by a combination of stagnant, countercurrent
or spray rinses, or both, prior to final rinse.

X1.5 Chemically Clean Surface—A chemically clean sur-
face is defined as a surface upon which water, when applied
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momentarily to the surface, will remain on that surface in an
even, continuous film, and in addition is free of any foreign
material or residual film deposit which would be detrimental to
the quality of the part.

X1.6 Test Specimens—When using test specimens instead
of parts, the specimens can effectively represent the parts only
if they have been exposed to the same processing steps, such as
machining, grinding, heat treating, welding, and so forth, as the
parts they are to represent.

X1.7 Carburized Surfaces—Stainless steel parts with car-
burized surfaces cannot be passivated because the carbon
combines with the chromium forming chromium carbides on
the surface.

X1.8 Nitrided Surfaces—Stainless steel parts with nitrided
surfaces should not be passivated because the treatment will

severely corrode the nitrided case.

X1.9 This specification provides for the same passivation
treatments as Fed. Spec. QQ-P-35C, but also includes a
number of alternative passivation treatments. The effectiveness
of any passivation treatment is demonstrated by the parts
meeting the specified testing requirements after treatment.

X1.10 Martensitic Grade 440C—High-strength grades
such as 440C are subject to hydrogen embrittlement or
intergranular attack when exposed to acids. Cleaning by
mechanical methods or other chemical methods is recom-
mended.

X1.11 The salt spray test is typically used to evaluate
austenitic stainless steels and may not be applicable to all
martensitic or ferritic stainless steels.

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.

FIG. X1.1 Recommended Nitric Acid Passivation Treatments for Different Grades of Stainless Steel
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Designation: A 968/A 968M – 96 (Reapproved 2001)

Standard Specification for
Chromium, Chromium-Nickel, and Silicon Alloy Steel Bars
and Shapes for Corrosion and Heat-Resisting Service 1

This standard is issued under the fixed designation A 968/A 968M; 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 hot- and cold-finished alloy
steel bars having a chromium content equal to or less than
11.0 % including rounds, squares, hexagons, and hot-rolled or
extruded shapes for use in corrosion and heat-resisting service.

1.2 Some steels covered by this specification, especially the
high silicon-containing steels, because of their particular alloy
content and specialized properties, may require special care in
their fabrication and welding. Specific procedures are of
fundamental importance, and it is presupposed that all param-
eters will be in accordance with approved test methods capable
of producing the desired properties in the finished fabrication.

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 are not exact equivalents; therefore, each system
must be used independently of the other. Combining values
from the two systems may result in nonconformance with this
specification.

1.4 This specification and the applicable material specifica-
tions are expressed in both inch-pound and SI units. However,
unless the order specifies the applicable “M” specification
designation (SI units), the material shall be furnished in
inch-pound units.

2. Referenced Documents

2.1 ASTM Standards:
A 484/A 484M Specification for General Requirements for

Stainless Steel Bars, Billets, and Forgings2

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

E 527 Practice for Numbering Metals and Alloys (UNS)3

2.2 SAE Standard:

SAE J 1086 Recommended Practice for Numbering Metals
and Alloys4

3. Ordering Information

3.1 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:

3.1.1 Quantity (weight or number of pieces);
3.1.2 Dimensions, including diameter or thickness (and

width), shape or form, applicable prints or sketches, length, and
so forth;

3.1.3 Type or UNS designation (see Table 1);
3.1.4 ASTM designation and edition year if other than latest

edition;
3.1.5 Heat-treated condition (see Section 5);
3.1.6 Finish (see Manufacture section of Specification

A 484/A 484M);
3.1.7 Supplementary requirements invoked for special ser-

vices;
3.1.8 Whether bars are to be rolled as bars or cut from strip

or plate;
3.1.9 Preparation for delivery (see Preparation for Delivery

section of Specification A 484/A 484M);
3.1.10 Marking requirements (see Marking section of

Specification A 484/A 484M);
3.1.11 Surface preparation of shapes (see Manufacture sec-

tion of Specification A 484/A 484M); and
3.1.12 The intended use of the material, if the purchaser

considers this useful information.

NOTE 1—A typical ordering description is as follows: 5000 lb [2000
kg]; 1.000-in. [25-mm] round bar by 10 to 12 ft [3 to 4 m]; UNS S70003;
to Specification A XXX [A XXX]; annealed; centerless ground; plus any
optional supplementary requirements; such as, for example, special
marking instructions.1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,

Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat-Rolled and Wrought Stainless.

Current edition approved Sept. 10, 1996. Published November 1996.
2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.01.

4 Available from Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096.

1
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4. General Requirements

4.1 In addition to the requirements of this specification, all
requirements of the current editions of Specification A 484/
A 484M shall apply. Failure to comply with the general
requirements of Specification A 484/A 484M constitutes non-
conformance with this specification.

5. Heat Treatment

5.1 UNS S70003 shall be furnished in the solution annealed
condition with subsequent light drawing and straightening
permitted.

6. Chemical Composition

6.1 Chemical composition shall be reported to the pur-
chaser, or his representative, and shall conform to the require-
ments specified in Table 1.

6.2 When a product analysis is performed or requested by
the purchaser, the tolerance limits as described in Specification
A 484/A 484M apply.

6.3 Methods and practices relating to chemical analysis
required by this specification shall be in accordance with Test
Methods, Practices, and Terminology A 751.

7. Mechanical Properties

7.1 The material shall conform to the mechanical property
requirements specified in Table 2 for the grade ordered. At least

one room-temperature test shall be performed by the manufac-
turer on a sample from at least one bar or shape from each lot
of material.

7.2 The yield strength shall be determined by the offset
(0.2 %) method as prescribed in Test Methods and Definitions
A 370.

7.3 Hardness measurements, when required, shall be made
at a location midway between the surface and the center of the
cross section.

8. Certification

8.1 The material manufacturer’s certificate of compliance
certifying that the material was manufactured and tested in
accordance with this specification, together with a report of the
results required by this specification and the purchase order,
shall be furnished at the time of shipment. The certification
shall be positively relatable to the lot of material represented.

9. Product Marking

9.1 Marking requirements shall be in accordance with
Specification A 484/A 484M.

TABLE 1 Chemical Composition, % A

Grade . . .
UNS DesignationB S70003

C 0.02
Mn 2.0
P 0.025
S 0.010
Si 6.5 to 8.0
Ni 22.0 to 25.0
Cr 8.0 to 11.0
Mo 0.50

A Maximum, unless range or minimum is indicated.
B Refer to Practice E 527 and Recommended Practice SAE J 1086.

TABLE 2 Mechanical Test Requirements

Grade UNS DesignationA Tensile Strength,
min, ksi (MPa)

0.2 % Yield Strength,
min, ksi (MPa)

Elongation in 2 in. or 50
mm, min, %

Hardness, maxB

Brinell Rockwell B

. . . S70003 78 (540) 35 (240) 40 217 95
A Refer to Practice E 527 and Recommended Practice SAE J 1086.
B Either Brinell or Rockwell B is permissible.
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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: A 980 – 97 (Reapproved 2003)

Standard Specification for
Steel, Sheet, Carbon, Ultra High Strength Cold Rolled 1

This standard is issued under the fixed designation A 980; 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 a cold rolled ultra high
strength carbon steel sheet in coils or cut lengths. The product
is available in four strength levels. The steel’s strength is
obtained by water quenching from an austenitic temperature
resulting in a martensitic microstructure. This product is
intended for miscellaneous applications where ultra high
strength, weight saving, and good weldability are important.

2. Referenced Documents

2.1 ASTM Standards:
A 568/A 568M Specification for Steel, Sheet, Carbon, and

High-Strength Low-Alloy, Hot-Rolled and Cold Rolled,
General Requirements for2

3. Ordering Information

3.1 It is the purchaser’s responsibility to specify in the
purchase order all ordering information necessary to purchase
the needed material. Examples of such information include, but
are not limited to:

3.1.1 ASTM specification number and year of issue,
3.1.2 Name of material (cold rolled ultra high strength steel

sheet),
3.1.3 Grade (see Table 1),
3.1.4 Specify oiled or not oiled as required,
3.1.5 Dimensions (thickness, width and whether cut lengths

or coils),
3.1.6 Coil size (must include inside diameter, outside diam-

eter and maximum mass),
3.1.7 Quantity,
3.1.8 Application (show part identification and description),
3.1.9 Special Requirements (if required), and
3.1.10 Cast or heat analysis report (request if required).

4. Materials and Manufacture

4.1 Melting Practice—This sheet shall be produced from
aluminum killed steel.

4.2 Annealing—The material shall be continuous annealed
to austenitic temperatures and water quenched.

5. General Requirements

5.1 Materials furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification A 568/A 568M unless otherwise provided herein.

6. Chemical Composition

6.1 The cast or heat analysis shall conform to the require-
ments prescribed in Table 1 and Table 2.

6.1.1 Each of the elements listed in Table 2 shall be included
in the report of the cast or heat analysis. Where the amount of
copper nickel, chromium or molybdenum is less than 0.02 %,
the analysis may be reported as <0.02 %. When the amount of
vanadium or columbium is less than 0.008 %, the analysis may
be reported as <0.008 %.

7. Mechanical Properties

7.1 Tension Tests:
7.1.1 Requirements—Materials as represented by the test

specimen shall conform to the tensile requirements specified in
Table 3.

7.1.2 Number of Tests—Two tests shall be made from each
heat or from each lot of 50 tons. When the amount of finished
material from a heat or lot is less than 50 tons, one test shall be
made. When material rolled from one heat differs by 0.050 in.
or more in thickness, one tension test shall be made from the
thickest and thinnest material regardless of the weight repre-
sented.

7.1.3 Location and Orientation:
7.1.3.1 Tension test specimens shall be taken at a point

immediately adjacent to the material to be qualified.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved April 10, 2003. Published June 2003. Originally
approved in 1997. Last previous edition approved in 1997 as A 980–97.

2 Annual Book of ASTM Standards, Vol 01.03.

TABLE 1 Chemical Requirements

Composition - Weight % Heat Analysis

Element Grade

130 160 190 220

Carbon, max 0.10 0.15 0.23 0.28
Manganese, max 0.60 0.60 0.60 0.60
Phosphorus, max 0.030 0.030 0.030 0.030
Sulfur, max 0.035 0.035 0.035 0.035
Aluminum, min 0.01 0.01 0.01 0.01

1
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7.1.3.2 Tension test samples shall be taken from the full
thickness of the sheet as rolled.

7.1.3.3 Tension test specimens shall be taken from a loca-
tion approximately halfway between the center of the sheet and
the edge of the material as-rolled.

7.1.4 Retests:
7.1.4.1 A retest shall be permitted if the results of an

original tension specimen are within 2 ksi of the required
tensile strength.

7.1.4.2 A retest shall consist of one random specimen from
the same heat or lot as the original specimen.

7.1.4.3 If the results of the retest specimen meet the speci-
fied requirements, the cast or test lot shall be accepted.

8. Finish and Appearance

8.1 Surface Finish—The sheet shall have a matte surface
texture.

8.2 Oiling:
8.2.1 Unless otherwise specified, the sheet shall be oiled.
8.2.2 When required, the sheet may be specified to be not

oiled (dry).
8.3 Edges—The sheet shall have cut edges.

9. Certification and Reports

9.1 When required by the purchase order, the producer shall
furnish the test results of the cast or heat analysis or the
mechanical properties, or both. The report shall include the
purchase order number, ASTM designation number and year
issue, and cast or lot number correlating the test data with the
material represented.

10. Keywords

10.1 carbon steel sheet; cold rolled steel sheet; steel sheet;
ultra high-strength

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 Limits on Unspecified Elements

ElementA Composition Weight % Heat Analysis

Copper
When specified, min .20
When not specified, max .20

Nickel, max 0.20
Chromium, max 0.15
Molybdenum, max 0.06
Vanadium, max 0.008
Columbium, max 0.008

A Minimum copper added.

TABLE 3 Mechanical Requirements

Tensile Strength

Grade Min, ksi

130 130
160 160
190 190
220 220

A 980 – 97 (2003)
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Designation: A 991/A 991M – 98

Standard Test Method for
Conducting Temperature Uniformity Surveys of Furnaces
Used to Heat Treat Steel Products 1

This standard is issued under the fixed designation A 991/A 991M; 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 covers the procedures used to conduct
a temperature uniformity survey on a furnace used to heat treat
steel products. This method is used to determine the capability
of the furnace to meet the permissible temperature variation
specified in the applicable product specification, or as agreed to
by the purchaser and supplier of heat treat services. Survey
documentation requirements, and the procedure used to subse-
quently establish the furnace working zone, are defined in this
test method.

1.2 This test method covers heat treat furnaces in any of the
following categories:

1.2.1 Continuous or semi-continuous conveyance furnaces,
1.2.2 Batch furnaces, and
1.2.3 Salt or liquid baths and fluidized beds.
1.3 This test method only applies when specified in the

product specification or the purchase order.
1.4 Controlling a heat treatment of steel products using

thermocouples attached to the extremities of each load is an
alternative to performing a furnace survey.

1.5 By mutual agreement between the purchaser and the
supplier of heat treat services, more stringent and/or additional
requirements may be specified. The acceptance of any such
additional requirements shall be dependent on negotiations
with the supplier and must be included in the order as agreed
upon by the purchaser and supplier.

1.6 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 is to
be used independently of the other, without combining values
in any way.

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.

2. Referenced Documents

2.1 ASTM Standards:
E 207 Test Method for Thermal EMF Test of Single Ther-

moelement Materials by Comparison with a Reference
Thermoelement of Similar EMF - Temperature Properties2

E 220 Test Method for Calibration of Thermocouples By
Comparison Techniques3

E 230 Specification and Temperature-Electromotive Force
(EMF) Tables for Standardized Thermocouples2

E 608 Specification for Metal-Sheathed Base-Metal Ther-
mocouples2

2.2 SAE Standard:
AMS 2750 - Pyrometry4

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 batch furnace, n—a heating device in which material

may be stationary or oscillating during the processing cycle.
3.1.2 continuous conveyance furnace, n—a heating device

through which material is moved intentionally at a constant
rate during the processing cycle.

3.1.3 extremities, n—as referring to furnace working zone;
outer boundaries in all three dimensions (length, width, and
height) of the material being processed.

3.1.4 operating range, n—the expected range of tempera-
ture over which a furnace will be controlled to heat treat steel
products.

3.1.5 primary survey, n—the initial evaluation of the fur-
nace, or an evaluation triggered by the initiation of a major
furnace modification.

3.1.6 secondary survey, n—an evaluation of the furnace
triggered by the expiration of a time requirement.

3.1.7 semi-continuous conveyance furnace, n—a heating
device through which material is moved intentionally with a
predetermined start - stop - start pattern during the processing
cycle.

3.1.8 working zone, n—the maximum volume and location
in the furnace that meet the permissible temperature variation.

1 This test method is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.13 on Mechanical and Chemical Testing and Processing Methods of Steel
Products and Processes.

Current edition approved July 10, 1998. Published September 1998.

2 Annual Book of ASTM Standards, Vol 14.03.
3 Discontinued; see1994 Annual Book of ASTM Standards, Vol 14.03.
4 Available from Society of Automotive Engineers, 400 Commonwealth Drive,

Warrendale, PA 15096.
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4. Significance and Use

4.1 Furnaces for heat treatment of steel products are used in
many industries, in many ways. Regardless of heat treat
furnace type, or processing cycle, it may be necessary for users
to know the temperature uniformity in the furnace and whether
the material is processed in a zone within the furnace that is
capable of meeting the applicable permissible temperature
variation requirements.

4.2 The procedures in this test method may be used by those
using, manufacturing, and providing calibration service for,
heat treat furnaces used to process steel products.

5. Furnace Survey Equipment

5.1 Thermocouples:
5.1.1 Metal sheathed thermocouples shall be in accordance

with Specification E 608.
5.1.2 The use of extension wires is permitted when com-

pensated connectors, plugs, jacks, and terminal strips are used.
5.1.3 Thermocouples made from spool wire shall meet the

requirements of AMS 2750.
5.1.4 The use of spliced extension wire is prohibited.
5.1.5 Thermocouples may be reused if the requirements of

AMS 2750 (except Paragraph 3.1.1.7.2 of Rev. C) are met.
5.2 Calibration:
5.2.1 All reference, primary, secondary, test and working

equipment, instrumentation and sensors used in conjunction
with this test method shall meet the requirements of calibration
defined by Test Methods E 207, and E 220.

5.2.2 Temperature measuring devices shall be calibrated
within three months prior to use.

5.2.3 Calibration shall be traceable to the National Institute
of Standards Technology standards, or equivalent national
standards. Calibration to such national standards shall be done
at least once every two years.

5.2.4 Calibration shall be within the temperature range to be
used in the survey and at intervals not greater than 200°F
[100°C] for primary and secondary standards.

5.2.5 Correction factors, limits of error, and deviations shall
be in accordance with Specification E 230.

6. Requirements

6.1 Uniformity Survey Test Conditions:
6.1.1 The furnace to be surveyed shall be capable of being

tested at set point temperature(s) typical for the normal
operating range.

6.1.1.1 If the operating range does not exceed a spread of
300°F [150°C], the midpoint temperature shall be selected for
the survey.

6.1.1.2 If the operating range exceeds a spread of 300°F
[150°C], survey at the minimum and maximum set point
temperature for the normal operating range, except that the
maximum temperature need not be higher than 2000°F
[1100°C].

6.1.2 Typical production size and weight furnace loads shall
be utilized during the survey. Use of representative material to
simulate product during survey is permitted.

6.1.3 The furnace atmosphere and operating conditions
shall be representative of those used in production.

6.2 Frequency of Uniformity Surveys:
6.2.1 Primary Surveys:
6.2.1.1 A primary survey shall have been performed within

twelve months prior to, or run concurrently with, the first
production heat treatment to which this test method applies.

6.2.1.2 A primary survey shall have been conducted when a
major furnace modification is completed. A major furnace
modification includes, but is not limited to, the installation of
the following: a different burner type, a new heating element
design, a different type of insulation system, and, a different
type of temperature controlling device.

6.2.1.3 Replacement of worn parts with similar parts or
patching of insulation that does not change the furnace
characteristics does not constitute a major furnace modifica-
tion.

6.2.1.4 The survey shall be conducted within twelve months
prior to, or run concurrently with, the first production heat
treatment performed after the modification.

6.2.2 Secondary Surveys:
6.2.2.1 To maintain conformance with this test method, a

secondary survey shall be conducted within twelve months
after the primary survey.

6.2.2.2 Secondary surveys shall be conducted at a typical
furnace set point temperature within the normal operating
range. All other conditions described in 6.1 shall apply.

7. Procedure

7.1 Survey measuring equipment shall meet the require-
ments of Section 5.

7.2 Test conditions and test frequency shall be as defined in
6.1 and 6.2, respectively.

7.3 Place thermocouples to monitor time and temperature
profiles in the furnace to evaluate the uniformity of the
intended working zone. Place them at the outer extremities, the
center of the proposed working zone, and in areas of suspected
variability in the proposed working zone. Attach survey test
sensors to, or set them in the load.

7.4 For proposed working zones less than 12 in. [300 mm]
in height, it is acceptable to monitor the center height location,
it is not necessary to monitor both the top and bottom of the
heating chamber. For proposed working zones greater than, or
equal to, 12 in. [300 mm] in height, both top and bottom
extremities must be monitored.

7.5 Continuous Conveyance and Semi-Continuous Convey-
ance Furnaces:

7.5.1 Convey test sensors through the furnace. The rate of
conveyance shall be representative of normal operating condi-
tions.

7.5.2 The frequency of temperature recordings shall be
capable of detecting variations from the test temperature range
during the entire conveyance through the furnace.

7.5.3 Several conveyances with the test sensors attached to
the steel product, under the same conditions, may be made to
ensure that any recurrent temperature profiles are determined at
all test locations throughout the furnace.

7.5.4 Alternative surveying techniques are described in 7.7.
7.6 Batch and Batch Liquid Media Furnaces:

A 991/A 991M
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7.6.1 Take readings starting when the control instrument
rises to within 200°F [100°C] of the set point temperature and
continue throughout the hold cycle at the set point temperature.

7.6.2 Take readings at a minimum frequency of 1/10 the
normal hold time.

7.6.3 Take the readings frequently enough to detect varia-
tions from the test temperature range and to determine the
extremes of the recurrent temperature profile, if any.

7.6.4 Alternative surveying techniques are described in 7.7.
7.7 Alternative Surveying Techniques—When agreed to by

the purchaser and the supplier of heat treat services, alternative
surveying techniques may be used to characterize the tempera-
ture uniformity of the furnace and subsequently define the size
and location of the working zone. Examples of these surveying
techniques are listed below.

7.7.1 Statistical Sampling:
7.7.1.1 When it is impossible or impractical to perform the

tests outlined in 7.5 and 7.6, it is permissible to substitute an
analysis of the resultant mechanical properties of the steel
products heat treated in the subject furnace to validate tem-
perature uniformity. Details of this procedure shall be as agreed
to between purchaser and supplier.

7.7.2 Sequential Load Sensors:
7.7.2.1 This procedure may be used as an alternative to

those described in 7.5 and 7.6. It provides validation of
temperature uniformity by a series of tests rather than a single
test. In each test, determine the temperature variation pattern at
one or more of the test locations.

7.7.2.2 The frequency of test shall be six months.
7.7.2.3 The temperature shall be within the normal operat-

ing range, with the narrowest permissible variation for the
material applied to the survey.

7.7.2.4 Run the furnace with a load similar to that used in a
normal production cycle.

7.7.2.5 Load or test sensors shall be arranged in, or in
contact with, the test load.

7.7.2.6 Control setting(s) shall be identical to those used in
normal production.

7.7.2.7 Take readings starting when the control instruments
rises to within 200°F [100°C] of the set point temperature and
continued throughout the hold cycle at the set point tempera-
ture.

7.7.2.8 Record the temperature of all load test and working
sensors frequently enough to detect when the specified oper-
ating range is exceeded, and at least five cycles of any recurrent
pattern have been observed.

7.7.2.9 If no recurrent temperature profile is detected, take
readings at intervals of five minutes or less, for at least 30 min
after thermal equilibrium is reached.

8. Documentation of Survey Results

8.1 Organizations performing surveys in accordance with
this test method shall keep pertinent documentation of the

conditions and procedures used in the completion of the survey
on file for a minimum of five years.

8.2 Pertinent documentation shall include, but not be lim-
ited to, the following:

8.2.1 Specific identification of furnace surveyed,
8.2.2 Date of the uniformity survey,
8.2.3 Identification of the heat treat procedure,
8.2.3.1 Set point temperatures,
8.2.3.2 Type of atmosphere,
8.2.3.3 Conveyance speed (when applicable),
8.2.4 Size and weight of steel product loaded in furnace at

time of survey,
8.2.5 Item identification numbers (lot, heat serial, etc.),
8.2.6 Time and temperature data, including original tem-

perature charts or original manually recorded data,
8.2.7 Dimensions and location of the working zone(s),
8.2.8 Number and location of the survey thermocouples,
8.2.9 Largest observed temperature variation from the set

points during the hold cycle,
8.2.10 The time interval of the test, including the total

elapsed time. Starting time and chart speed shall be marked on
the original temperature charts,

8.2.11 All pertinent equipment calibration information,
8.2.12 Deviations from the test method including, but not

limited to, thermocouple failure, malfunction, or disconnec-
tion.

8.2.13 Name of personnel conducting the survey, and
8.3 All data may be electronically recorded.

9. Interpretation of Results and Establishment of the
Working Zone

9.1 The results of the primary survey describe the tempera-
ture uniformity of a furnace under a specific set of operating
conditions. Results of the application of this test method shall
be expressed as a variation from a temperature set point.

9.2 Establishment of the furnace working zone is made by
comparing the temperature variation required by the product
specification, or agreed to by purchaser and supplier of heat
treat services, with the variation from the temperature set point
as determined by this uniformity survey.

9.3 The working zone may either be the entire heating
volume, or it may only be some portion of the heating volume
of the furnace. The working zone may be comprised of one or
more heating zones in the furnace.

10. Heat Treatment in the Working Zone

10.1 When invoked by the product specification, or agreed
to by purchaser and supplier of heat treat services, steel
products shall be heat treated, as specified, only in the working
zone.

11. Keywords

11.1 furnace survey; temperature; uniformity; working zone
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Designation: A 1000 – 99

Standard Specification for
Steel Wire, Carbon and Alloy Specialty Spring Quality 1

This standard is issued under the fixed designation A 1000; 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 a quality of round and shaped
plain carbon and alloy steel spring wire, uniform in quality and
temper, intended for the manufacture of mechanical springs
that can withstand moderate fatigue stresses over some rela-
tively low number of cycles. The quality level is between the
commercial quality grades of wire such as Specifications
A 401, A 231 and A 229 and the valve spring quality grades
such Specifications as A 230, A 232, A 877 and A 878. It is
similar to the grade TD (referenced in EN 10270-2) intended
for medium fatigue levels, such as required for clutch springs.
This wire shall be either in the annealed and cold-drawn or
oil-tempered condition as specified by purchaser.

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. Within the text, the
inch-pound units are shown in parentheses. The values stated
in each system are not exact equivalents; therefore, each
system must be used independent of the other.

2. Referenced Documents

2.1 ASTM Standards:
A 229 Specification for Steel Wire, Oil-Tempered for Me-

chanical Springs2

A 230 Specification for Steel Wire, Oil-Tempered Carbon
Valve Spring Quality2

A 231 Specification for Chrome-Vanadium Alloy Steel
Spring Quality Wire2

A 232 Specification for Chrome-Vanadium Alloy Steel
Valve Spring Quality2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products2

A 401 Specification for Steel Wire, Chrome-Silicon Alloy2

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment3

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products2

A 877 Specification for Steel Wire, Chrome-Silicon Alloy
Valve Spring Quality2

A 878 Specification for Steel Wire, Modified Chrome-
Vanadium Valve Spring Quality2

A 941 Terminology Relating to Steel, Stainless Steel, Re-
lated Alloys, and Ferroalloys4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 45 Practice for Determining the Inclusion Content of
Steel6

2.2 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)7

2.3 Military Standard:
MIL-STD-163 Steel Mill Products, Preparation for Ship-

ment and Storage7

2.4 AIAG Standard:
AIAG B-5 02.00 Primary Metals Identification Tag Appli-

cation Standard8

2.5 European Standard:
EN 10270-2 Steel Wire for Mechanical Springs Part 2:

Oil-Hardened and Tempered Springsteel Wire of Unal-
loyed and Alloyed Steels9

3. Terminology

3.1 Definitions:
3.1.1 For definition of terms used in this practice, see

Terminology A 941.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 commercial quality wire—a grade of wire that is fairly

common quality and intended for applications that are prima-
rily static in nature, not involving significant fatigue loading.

4. Ordering Information

4.1 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for material under this
specification. Such requirements may include, but are not
limited to the following,

4.1.1 Quantity (mass),

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 10, 1999. Published May 1999.
2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 01.05.

4 Annual Book of ASTM Standards, Vol 01.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.01.
7 Available from Standardization Documents Order Desk, Bldg 4 Section D. 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS
8 Available from the Automotive Industry Action Group, 26200 Lasher, Suite

200, Southfield, MI 48034.
9 Available from European Committee for Standardization, rue de Stassart

36,B-1050 Brussels
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4.1.2 Name of material (chromium-silicon alloy steel spe-
cialty spring quality wire),

4.1.3 Dimensions (Table 1 and Section 9)
4.1.4 Condition (Section 7),
4.1.5 Packaging (Section 15),
4.1.6 Heat analysis report, if requested (6.2),
4.1.7 Certification or test report, or both, if specified (Sec-

tion 14), and
4.1.8 ASTM designation and year of issue.

NOTE 1—A typical ordering description is as follows: 20 000-kg
oil-tempered chromium-silicon alloy steel specialty spring quality wire,
size 6.00 mm in 1500-kg coils to ASTM ___ dated ___, or for inch-pound
units, 40 000-lb. oil-tempered chromium-silicon alloy steel specialty
spring quality wire, size 0.250 in. in 3000-lb coils to ASTM___dated ___.

5. Materials and Manufacture

5.1 The steel may be made by any commercially accepted
steel making process. The steel may be either ingot cast or
strand cast.

5.2 The finished wire shall be free from detrimental pipe
and undue segregation.

6. Chemical Composition

6.1 The steel shall conform to the requirements for chemical
composition specified in Table 2.

6.2 Heat Analysis—Each heat of steel shall be analyzed by
the manufacturer to determine the percentage of elements
prescribed in Table 2. This analysis shall be made from a test
specimen preferably taken during the pouring of the heat.
When requested, this shall be reported to the purchaser and
shall conform to the requirements of Table 2.

6.3 Product Analysis—An analysis may be made by the
purchaser from finished wire representing each heat of steel.
The average of all the separate determinations made shall be
within the limits specified in the analysis column.

6.4 For referee purposes, Test Methods, Practices, and
Terminology A 751 shall be used.

7. Mechanical Properties

7.1 Annealed and Cold Drawn—When purchased in the
annealed and cold-drawn condition, the wire shall have been
given a sufficient amount of cold working to meet the purchas-
er’s coiling requirements and shall be in a suitable condition to
respond properly to heat treatment. In special cases the
hardness, if desired, shall be stated in the purchase order.

7.2 Oil Tempered:
7.2.1 Tensile Strength and %RA, Round Wire—When pur-

chased in the oil-tempered condition, the tensile strength and
minimum percent reduction in area of round wire, sizes 2.50
mm (0.105 in.) and larger shall conform to the requirements
prescribed in Tables 3-6.

7.2.2 Tensile Strength, Shaped and Flat Wire—Tensile
strength of shaped and flat rolled wires shall conform to these
tables based on the conversion to equivalent round dimensions.
Percent reduction of area is not applicable to shaped and flat
rolled wires.

7.2.3 Tensile Strength Variation—In addition, the maximum
tensile variation in a coil shall be 70 Mpa (10 KSI).

NOTE 2—Any specimen breaking in the tensile grips shall be discarded
and a new specimen tested if the specified mechanical properties are not
achieved. If breakage in the tensile grips prevents conformance to percent
reduction in area requirements, conformance to the wrap test(see 7.3) shall
suffice.

7.2.4 Number of Tests—One test specimen shall be taken for
each five coils, or fraction thereof, in a lot. Each heat in a given
lot shall be tested.

7.2.5 Location of Tests—Test specimens shall be taken for
each five coils, or fraction thereof, in a lot. Each heat in a given
lot shall be tested.

7.2.6 Test Method—The tension test shall be made in
accordance with Test Methods and Definitions A 370.

7.3 Wrap Test:
7.3.1 Round oil tempered wire 4.00 mm (0.156 in.) or

smaller in diameter shall wrap on itself as an arbor without
breakage. Larger diameter wire up to and including 8.00 mm
(0.312 in.) shall wrap without breakage on a mandrel twice the
wire diameter. The wrap test is not applicable to wire over 8.00
mm (0.312 in.) in diameter or to shaped and flat rolled wires.

7.3.2 The special high tensile chrome silicon vanadium
grade of round oil tempered wire 4.00 mm (0.156 in.) or
smaller in diameter shall wrap on a mandrel twice the diameter
without breakage. Larger diameter wire up to and including
8.00 mm (0.312 in.) shall wrap without breakage on a mandrel
three times the wire diameter. The wrap test is not applicable to
wire over 8.00 mm (0.312 in.) in diameter or to shaped and flat
rolled wires.

7.3.3 Test Method—The wrap test shall be made in accor-
dance with Test Methods and Definitions A 370.

8. Metallurgical Requirements

8.1 Surface Condition:
8.1.1 The surface of the wire as received shall be free of

imperfections such as seams, pits, die marks, scratches, and
other surface defects that are deeper than 1 % of the wire

TABLE 1 Permissible Variations in Wire Dimensions (Round and
Shapes) A

SI Units

Dimension, mm
Permissible Varia-

tions, 6 mm
Permissible Out-Of-

Round, mm
0.5 to 2.0, incl 0.02 0.02
Over 2.0 to 4.0, incl 0.03 0.03
Over 4.0 to 9.5, incl 0.04 0.04
Over 9.5 0.05 0.05

Inch-Pound Units

Dimension, in.
Permissible Varia-

tions, 6 in.
Permissible Out-Of-

Round, in.
0.020 to 0.075, incl 0.0008 0.0008
Over 0.075 to 0.148, incl 0.001 0.001
Over 0.148 to 0.375, incl 0.0015 0.0015
Over 0.375 0.002 0.002

Permissible Variations in Wire Dimensions (Flat Rolled) A

SI Units

Dimension, mm
Thickness

Permissible Varia-
tions, 6 mm

Width
Permissible Varia-

tions, mm
All 0.05 0.120

Inch-Pound Units

Dimension, in.
Thickness

Permissible Varia-
tions, 6 in.

Width
Permissible Varia-

tions, in.
All 0.002 0.005

A For purposes of determining conformance with this specification, all specified
limits are absolute as defined in Practice E 29.
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diameter for round wire or 1 % of the equivalent round
diameter for shaped and flat rolled wire.

8.1.2 Number of Tests—One test specimen shall be taken
from each end of every coil.

8.1.3 Test Method—The surface shall be examined after
etching in a solution of equal parts of hydrochloric acid and
water that has been heated to approximately 80°C for a
sufficient length of time to remove up to approximately 1 % of
the diameter of the wire. Test ends shall be examined using
103 magnification.

8.1.4 Eddy Current Testing—Upon the agreement of the
producer and the purchaser, round wire 3.0 mm (0.120 in.) and

larger shall be 100 % eddy current tested with a rotary probe or
a stationary coil, or both. The depth of surface defects to be
detected shall also be agreed upon by the producer and
purchaser. Defects equal to or deeper than this depth shall be
marked with some means of identification, such as ink or paint,
to facilitate removal at a later stage in the processing.

8.2 Decarburization:
8.2.1 Transverse sections of the wire when properly

mounted, polished and etched shall show maximum complete
decarburization of 0.3 % of the wire diameter for round wires
and 0.3 % of the equivalent round for shaped and flat rolled
wire. Partial decarburization should not exceed a depth of
1.5 % of the diameter for round wires and 1.5 % of the
equivalent round diameter for shaped and flat rolled wire.

8.2.2 Test Method—Decarburization shall be determined by
etching a suitably polished transverse section of wire with

TABLE 2 Chemical Requirements

Analysis, %

Grade A
Chromium-Silicon

Grade B
Carbon

Grade C
Chromium-
Vanadium

Grade D
Chromium-Silicon-

Vanadium

Carbon 0.51 to 0.59 0.55 to 0.75 0.60 to 0.70 0.55 to 0.68
Manganese 0.50 to 0.80 0.60 to 0.90 0.50 to 0.90 0.60 to 0.90
Phosphorus 0.025 max 0.025 max 0.025 max 0.025 max
Sulfur 0.025 max 0.025 max 0.025 max 0.025 max
Silicon 1.20 to 1.60 0.15 to 0.30 0.15 to 0.30 1.20 to 1.65
Chromium 0.60 to 0.80 A 0.35 to 0.60 0.50 to 0.80
Vanadium A A 0.10 to 0.25 0.10 to 0.25

A Not required.

TABLE 3 Tensile and % RA Requirements A (Chrome Silicon)

SI Units

Diameter, mm MPa, min MPa, max Reduction of Area

0.5 2100 2280 B

1.0 2070 2240 B

1.5 2030 2210 B

2.0 2000 2140 B

2.5 1965 2105 45
3.0 1930 2070 45
4.0 1900 2040 40
4.5 1830 1970 40
5.0 1810 1950 40
5.5 1790 1930 40
6.5 1760 1900 40
8.0 1730 1870 40
9.5 1690 1830 40

11.0 1660 1800 35
12.5 1630 1770 35
14.0 1610 1750 30
16.0 1590 1730 30

Inch-Pound Units

Diameter, in. kSI, min kSI, max Reduction of area, min %

0.020 305 330 B

0.040 300 325 B

0.060 295 320 B

0.080 290 310 B

0.105 284 304 45
0.120 280 300 45
0.156 275 295 40
0.177 265 285 40
0.200 263 283 40
0.218 260 280 40
0.250 255 275 40
0.312 250 270 40
0.375 245 265 40
0.438 240 260 35
0.500 235 255 35
0.562 233 253 30
0.625 231 251 30

A Tensile strength values for intermediate diameters may be interpolated.
B The reduction of area test is not applicable to wire under 2.5 mm (0.105 in.).

TABLE 4 Tensile and % RA Requirements A (Carbon)

SI Units

Diameter, mm MPa, min MPa, max Reduction of area

0.5 2100 2070 B

1.0 1860 2030 B

2.0 1790 1960 B

2.5 1760 1900 45
3.0 1720 1860 45
4.0 1650 1790 40
4.5 1580 1720 40
5.5 1510 1650 40
6.5 1480 1620 40
8.0 1450 1590 40
9.5 1410 1550 40

12.5 1380 1520 35
16.0 1350 1490 30

Inch-Pound Units

Diameter, in. kSI, min kSI, max
Reduction of area,

min %

0.020 275 300 B

0.040 270 295 B

0.080 260 285 B

0.105 255 275 45
0.120 250 270 45
0.156 240 260 40
0.177 235 255 40
0.218 225 245 40
0.250 215 235 40
0.312 210 230 40
0.375 205 225 40
0.500 200 220 35
0.625 195 215 30

A Tensile strength values for intermediate diameters may be interpolated.
B The reduction of area test is not applicable to wire under 2.5 mm (.105 in.).
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nital. The entire periphery to be examined should be in a single
plane with no edge rounding.

8.2.3 The entire periphery shall be examined at a magnifi-
cation of no less than 1003 for depth of free ferrite and total

affected depth. Smaller wire sizes may require higher magni-
fication. Measure the worst area present excluding decarbur-
ization associated with seams or other surface imperfections,
Complete decarburization exists when only free ferrite is
present. Partial decarburization exists when ferrite is found
mixed with pearlite or tempered martensite. Structures of
100 % tempered martensite shall be defined as not decarbur-
ized.

8.2.4 Decarburization shall be checked on annealed wire by
giving a wire sample an austenitize, oil quench and temper heat
treatment. A flat shall be ground on the sample prior to heat
treatment. The flat shall have a minimum width equal to one
half of the wire diameter. Any decarburization visible on this
ground section shall necessitate a retest with new samples. If
no decarburization is visible on the ground flat, evaluate the
complete wire section in accordance with 8.2.3.

8.3 Inclusion Content:
8.3.1 Restrictions on inclusion content may be agreed upon

by the producer and the purchaser. It is recommended that
methods be used that are relevant for spring wire applications
such as maximum thickness (Max ’t’) and inclusion count
techniques (Swedish Method). These should concentrate on
non-deformable inclusions, the thickness (transverse to the
longitudinal wire axis) of inclusions and the condition in areas
near to the wire surface. The application of Practice E 45 to this
requirement is not recommended.

9. Dimensions and Permissible Variations

9.1 The permissible variations in the dimensions of the wire
shall be as specified in Table 1.

9.2 Number of Tests—One test specimen shall be taken from
each end of every coil.

10. Workmanship, Finish and Appearance

10.1 Annealed and Cold Drawn—The wire shall not be
kinked or improperly cast. To test for cast, a few convolutions
of wire shall be cut loose from the coil and placed on a flat
surface. The wire shall lie substantially flat on itself and not
spring up nor show a wavy condition.

10.2 Oil Tempered—The wire shall be uniform in quality
and temper and shall not be wavy or crooked.

10.3 Each coil shall be one continuous length of wire
properly coiled and firmly tied.

10.4 No welds are permitted in the finished product and any
welds made during processing must be removed.

11. Retests

11.1 If any test specimen exhibits obvious defects it may be
discarded and another specimen substituted.

12. Inspection

12.1 Unless otherwise specified in the contract or purchase
order, the manufacturer is responsible for the performance of
all inspection and test requirements specified in this specifica-
tion. 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

TABLE 5 Tensile and % RA Requirements A (Chrome Vanadium)

SI Units

Diameter, mm MPa, min MPa, max Reduction Of area

1.0 1860 2030 B

2.0 1760 1930 B

3.0 1650 1790 45
4.0 1620 1760 40
4.5 1590 1730 40
5.5 1520 1660 40
6.5 1480 1620 40
8.0 1450 1590 40

Inch-Pound Units

Diameter, in. kSI, min kSI, max
Reduction of area,

min %

0.040 270 295 B

0.080 255 280 B

0.120 240 260 45
0.156 235 255 40
0.177 230 250 40
0.218 220 240 40
0.250 215 235 40
0.312 210 230 40

A Tensile strength values for intermediate diameters may be interpolated.
B The reduction of area test is not applicable to wire under 2.5 mm (0.105 in.).

TABLE 6 Tensile and % RA Requirements A (Chromium Silicon
Vanadium)

SI Units

Diameter, mm MPa, min MPa, max Reduction Of area

1.0 2200 2370 B

1.5 2170 2340 B

2.5 2100 2270 40
3.0 2070 2210 40
4.0 2030 2170 40
4.5 2000 2140 35
5.0 1960 2100 35
5.5 1930 2070 35
6.5 1900 2040 35
8.0 1860 2000 30
9.5 1830 1970 30

11.0 1790 1930 30
12.5 1760 1900 30
14.0 1720 1860 30
16.0 1690 1830 30

Inch-Pound Units

Diameter, in. kSI, min kSI, max
Reduction of area,

min %

0.040 320 345 B

0.060 315 340 B

0.105 305 330 40
0.120 300 320 40
0.156 295 315 40
0.177 290 310 35
0.200 285 305 35
0.218 280 300 35
0.250 275 295 35
0.312 270 290 30
0.375 265 285 30
0.438 260 280 30
0.500 255 275 30
0.562 250 270 30
0.625 245 265 30

A Tensile strength values for intermediate diameters may be interpolated.
B The reduction of area test is not applicable to wire under 2.5 mm (0.105 in.).

A 1000 – 99

4



perform any of the inspection and tests set forth in this
specification when such inspections and tests are deemed
necessary to ensure that the material conforms to prescribed
requirements.

13. Rejection and Rehearing

13.1 Unless otherwise specified, any rejection based on tests
made in accordance with these specifications shall be reported
to the manufacturer as soon as possible so that an investigation
may be initiated.

13.2 The material must be adequately protected and cor-
rectly identified in order that the manufacturer may make a
proper investigation.

14. Certification

14.1 When specified in the purchase order or contract, a
manufacturer’s or supplier’s certification shall be furnished to
the purchaser that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

14.2 The certification shall include the specification num-
ber, year date of issue, and revision letter, if any.

15. Packaging, Marking, and Loading for Shipment

15.1 The coil mass, dimensions, and the method of packag-
ing shall be agreed upon between the manufacturer and
purchaser.

15.2 The size of the wire, purchaser’s order number, ASTM
specification number, heat number, and name or mark of the
manufacturer shall be marked on a tag securely attached to
each coil of wire.

15.3 Unless otherwise specified in the purchaser’s order,
packaging, marking, and loading for shipments shall be in
accordance with those procedures recommended by Practices
A 700.

15.4 For Government Procurement—Packaging, packing,
and marking of material for military procurement shall be in
accordance with the requirements of MIL-STD-163, Level A,
Level C, or commercial as specified in the contract or purchase
order. Marking for shipment of material for civil agencies shall
be in accordance with Fed. Std. No. 123.

15.5 Bar Coding—In addition to the previously stated
identification requirements, bar coding is acceptable as a
supplementary identification method. Bar coding should be
consistent with AIAG Standard 02.00, Primary Metals Identi-
fication Tag Application. The bar code may be applied to a
substantially affixed tag.

16. Keywords

16.1 oil-tempered, shaped wire, flat rolled, inclusion con-
tent, eddy current, alloy.
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Designation: A 1007 – 02

Standard Specification for
Carbon Steel Wire for Wire Rope 1

This standard is issued under the fixed designation A 1007; 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 uncoated and four classes of
round, metallic coated, cold-drawn, carbon steel wire for wire
rope in five strength levels. This specification specifies:

1.1.1 Dimensional tolerances,
1.1.2 Mechanical characteristics,
1.1.3 Chemical composition requirements,
1.1.4 Coating requirements (if applicable), and
1.1.5 Packaging requirements.
1.2 The values stated for metric equivalents are provided for

informational purposes only.

2. Referenced Documents

2.1 This specification incorporates, by dated or undated
reference, provisions from other publications. These normative
references are cited at their appropriate place in the text and the
publications are listed. For dated references, subsequent
amendments to or revisions of any of these publications apply
to this specification only when incorporated in it by amend-
ment or revision. For undated references, the latest edition of
the publication referred to would apply.

2.2 ASTM Standards:
A 90/A 90M Test Method for Weight (Mass) of Coating on

Iron or Steel Articles with Zinc or Zinc-Alloy Coatings2

A 510 Specification for General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel-Coated3

A 938 Test Method for Torsion Testing of Wire3

B 6 Specification for Zinc (Slab Zinc)4

B 750 Specification for Zinc-5 % Aluminum Mischmetal
Alloy (UNS Z38510) in Ingot Form for Hot-Dip Coatings4

E 8 Test Methods of Tension Testing of Metallic Materials5

IEEE/ASTM-SI-10 Standard for Use of the International

System of Units (SI): The Modern Metric System6

2.3 ISO/EN Standards:
EN 10264-1.2 Steel Wire and Wire Products—Steel Wire

for Wire Rope7

2.4 Industry Standard:
API 9A Specification for Wire Rope8

2.5 Industry References:
AIME/ISS Carbon Steel, Wire and Rods9

AIAG 02.00 Primary Metals Identification Tag Application9

2.6 Non-Referenced Industry Applicable Standards:
ISO Std. 2232 Drawn Wire for General Purpose Non-Alloy

Steel Wire Ropes7

3. Terminology

3.1 Definitions:
3.1.1 actual diameter—the arithmetic mean of the mini-

mum and maximum diameter measurements in one location on
the wire.

3.1.2 breaking force level (Levels 1,2,3,4 or 5)—a wire
strength based on the minimum load carrying capability of a
designated wire.

3.1.3 drawn-galvanized—a zinc coating that is applied to
the wire prior to the final cold drawing operation by either an
electro-deposition or hot-galvanizing process.

3.1.4 drawn-Zn5 Al-MM—a zinc-aluminum alloy (misch-
metal) coating that is applied to the wire prior to the final cold
drawing operation by a molten coating process.

3.1.5 final-coated Zn5 Al-MM—a zinc-aluminum alloy
(misch-metal) coating that is applied to the wire after the final
cold drawing operation by a molten coating process.

3.1.6 final-galvanized—a zinc coating that is applied to the
wire after the final cold drawing operation by either an
electro-deposition or hot-galvanizing process.

3.1.7 nominal diameter—the diameter of the wire expressed
in inches (millimetres) and specified by the user to designate

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 10, 2002. Published March 2002 . Originally
published as A 1007 – 00. Last previous edition A 1007 – 00.

2 Annual Book of ASTM Standards, Vol 01.06.
3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 02.04.
5 Annual Book of ASTM Standards, Vol 03.01.

6 Available from ASTM International headquarters.
7 Available from American National Standards Institute, 11 W. 42nd St., 13th

Floor, New York, NY 10036.
8 Available from American Petroleum Institute, 1801 K Street, N.W., Washing-

ton, DC 20226.
9 Available from Automotive Industry Action Group (AIAG), 26200 Lahser

Road, Suite 200, Southfield, MI 48034–7100.
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the wire size. It is the basis for the determination of the values
of all characteristics of the wire for acceptance purposes.

3.1.8 ovality—the arithmetic difference between the maxi-
mum diameter and the minimum diameter in one location on
the wire; it shall not be greater than half the tolerance specified
in the respective tables referred to in the following parts of this
specification.

3.1.9 uncoated wire—the surface of a wire furnished with a
residual lube film as a result of cold-drawing said wire.

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 shall include, but are not
limited to the following:

4.1.1 Quantity (mass),
4.1.2 Name of material (drawn steel wire for wire rope),
4.1.3 Wire type (uncoated, drawn- or final-galvanized/Zn5

Al-mm coated),
4.1.4 Wire diameter,
4.1.5 Wire strength grade (Level 1 through 5),
4.1.6 Packaging (Section 15),
4.1.7 Cast or heat analysis; if requested,
4.1.8 Certification or test report; if requested, and
4.1.9 ASTM designation and date of issue.

5. Materials and Manufacture

5.1 The base metal rod used in the manufacture of rope wire
shall be rolled from good commercial quality steel. The steel
may be either ingot cast or strand cast.

5.2 A sufficient discard shall be made to ensure freedom
from detrimental piping and undue segregation.

5.3 The wire shall be cold-drawn to produce the desired
properties.

5.4 The wire shall be furnished in one of five types, as
specified:

5.4.1 Uncoated,
5.4.2 Drawn-galvanized,
5.4.3 Final-galvanized,
5.4.4 Drawn Zn5/Al-MM, and
5.4.5 Final coated Zn5/Al-MM.
5.5 Uncoated, drawn-galvanized and drawn-Zn5 Al-MM

wire can be furnished in Levels 1 through 5. Final-galvanized
and final-coated Zn5 Al-MM wire is usually furnished in
Levels 1 through 4.

5.6 The method utilized in the production of either drawn-
or final-galvanized wire types may be by an electro-deposition
or hot-dip galvanizing process at the option of the producer.

5.6.1 The slab zinc used in galvanized zinc coatings shall be
as specified in Specification B 6.

5.7 The method utilized in the production of Zn5 Al-MM
wire types may be either a continuous hot-dip alloy coating or
two step coating where the first coating is zinc followed by a
final bath having an aluminum content up to 7.2 % to prevent
depletion of the aluminum content of the bath.

5.7.1 The bath metal used in continuous hot-dip Zn-5
Al-MM alloy coating shall meet the chemical composition
limits specified in Specification B 750.

6. Chemical Composition

6.1 Upon agreement with the purchaser, the wire manufac-
turer shall apply a steel of suitable chemical composition that
will satisfy the properties of the material ordered.

6.2 A quantitative analysis of each cast or heat shall be
made by the steel producer or his representative to determine
the percentage of the elements specified. The analysis shall be
made from a test sample preferably taken during the pouring of
the cast or heat. The chemical composition thus determined
shall be reported, if required, to the purchaser or his represen-
tative.

6.3 An analysis may be made by the purchaser from the
finished wire. The chemical composition thus determined as to
the elements required shall conform to the product analysis
requirements specified in Table 3 of Specification A 510 or as
agreed upon between the purchaser and the manufacturer.

7. Wire Diameter

7.1 The wire shall be measured using a micrometer with an
minimum accuracy of 0.0001 in. (0.002 mm) for all diameters.

7.2 All diameter values measured in one location along the
wire shall be within the tolerance limits given in Table 1 for
uncoated and drawn-galvanized or drawn-Zn5 Al-MM rope
wire or Table 2 for final-galvanized or final-coated Zn5 Al-MM
rope wire.

8. Tensile Properties

8.1 Tensile Test Procedure:
8.1.1 Standard Testing Method—The tensile test shall be

carried out in accordance with Test Methods E 8. The distance
between the grips of the testing machine shall not be less than
8 in. (203 mm). The speed of the movable head of the testing
machine, under no load, shall not exceed 1 in./min (0.4 mm/s).
Any specimen breaking within 1 in. (25.4 mm) of the jaws may
be disregarded and a retest performed.

8.1.2 Alternate Testing Method—The tensile test shall be
carried out in accordance with Test Methods E 8. The loading

TABLE 1 Wire Diameter Tolerances Uncoated and Drawn-Galvanized or Zn5 Al-MM Rope Wire

Diameter Range, in. Diameter Range, mm Tolerance, in. Tolerance, mm

Minus Plus Minus Plus

0.010 to 0.025 incl. 0.25 to 0.64 incl. 0.0003 0.0007 0.01 0.02
Over 0.025 to 0.060 incl. Over 0.64 to 1.50 incl. 0.0005 0.001 0.01 0.03
Over 0.060 to 0.093 incl. Over 1.50 to 2.36 incl. 0.001 0.001 0.03 0.03
Over 0.093 to 0.142 incl. Over 2.36 to 3.61 incl. 0.001 0.0015 0.03 0.04
Over 0.142 to 0.200 incl. Over 3.61 to 5.08 incl. 0.0015 0.002 0.04 0.05
Over 0.200 to .250 incl. Over 5.08 to 6.35 incl. 0.002 0.002 0.05 0.05
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rate may be greater than that specified, depending on the
number of tests to be carried out for the batch inspection.
However, it shall not exceed the rate corresponding to a 25 %
elongation between anchorages in 1 min. The minimum
distance between the clamping jaws of the test machine is 4 in.
(100 mm). In the event of a dispute, the tensile test shall be
carried out strictly in accordance with Test Methods E 8, in
particular with regard to the loading rate.

8.1.3 The minimum breaking forces are specified in Table 3
of this specification, for wire grade Levels 1 through 5. The
range in breaking force for a given grade level is based on the

calculated minimum tensile strength requirement (psi). While
no maximum values are shown for breaking force, rope wire is
generally produced to a tensile strength range of 30 000 psi.
The resultant minimum breaking force of either uncoated,
drawn-galvanized, and drawn-Zn5 Al-MM wires of various
levels shall meet or exceed the values shown in Table 3. The
resultant minimum breaking force for final-galvanized or
final-coated Zn5 Al-MM wire is obtained by reducing the value
stated for its level in Table 3 for uncoated wire by 10 %.

TABLE 3 Minimum Breaking Forces

Wire Diameter Minimum Torsional Values
(Number of Twists in 8 in.)

Minimum Breaking ForceA

in. mm Level 1 Level 2 Level 3 Level 4 Level 5 Level 1 Level 2 Level 3 Level 4 Level 5
lbf N lbf N lbf N lbf N lbf N

0.010 0.254 274 254 234 218 190 16 70 17 80 20 90 22 100 24 110
0.011 0.279 249 231 213 196 173 18 90 21 100 24 110 27 120 29 130
0.012 0.305 228 212 195 182 158 22 100 25 120 29 130 32 150 31 160
0.013 0.330 211 196 180 168 146 26 120 29 140 34 150 37 170 41 180
0.014 0.356 196 181 167 156 136 31 140 34 160 39 180 43 200 45 210
0.015 0.381 182 169 156 145 126 36 180 39 180 45 200 49 220 53 240
0.016 0.408 171 156 146 136 118 40 180 41 200 51 230 56 250 80 270
0.017 0.432 161 149 137 126 111 48 200 50 230 57 260 63 290 63 310
0.018 0.467 152 141 130 121 105 50 230 53 250 64 290 71 320 73 340
0.019 0.483 144 133 123 114 100 56 250 62 260 72 320 79 360 85 380
0.020 0.508 136 126 116 108 94 60 280 69 310 79 360 87 390 94 420
0.021 0.533 130 120 111 103 90 68 310 73 340 87 390 100 450 100 450
0.022 0.559 124 115 106 96 86 75 340 83 360 96 430 110 490 110 490
0.023 0.584 118 110 101 94 82 80 370 91 410 100 450 120 540 120 540
0.024 0.610 113 105 97 90 78 85 400 100 450 110 490 130 580 130 580
0.025 0.635 109 101 93 86 75 90 430 110 490 120 540 140 630 150 670
0.026 0.680 105 97 89 83 72 100 450 130 540 130 560 150 670 160 720
0.027 0.686 101 93 86 80 70 110 490 130 580 140 630 160 720 170 730
0.028 0.711 97 90 83 77 67 120 540 130 580 150 670 170 760 180 810
0.029 0.737 94 87 80 74 65 130 580 140 630 170 760 180 810 200 890
0.030 0.782 90 84 77 72 62 140 630 150 670 180 810 190 850 210 940
0.031 0.787 86 81 75 69 60 150 670 160 720 190 850 210 940 220 960
0.032 0.813 85 78 72 67 56 160 720 180 810 200 890 220 980 240 1070
0.033 0.836 82 76 70 65 57 170 780 190 850 210 940 240 1070 250 1130
0.034 0.864 80 74 68 63 55 180 810 200 890 230 1030 250 1120 270 1210
0.035 0.869 77 72 66 61 53 190 860 210 940 240 1070 260 1160 280 1250
0.036 0.914 75 70 64 60 52 200 890 220 960 250 1120 280 1250 300 1340
0.037 0.940 73 68 62 58 50 210 940 230 1030 270 1210 300 1340 320 1430
0.038 0.966 71 66 61 56 49 220 960 250 1120 280 1250 310 1360 330 1470
0.039 0.991 69 64 59 55 48 230 1030 260 1160 300 1340 330 1470 350 1560
0.040 1.02 67 62 57 53 46 240 1070 270 1210 310 1360 340 1520 370 1650
0.041 1.04 66 61 56 52 45 250 1160 290 1290 330 1470 360 1610 390 1740
0.042 1.07 64 59 55 51 44 270 1210 300 1340 340 1520 380 1700 410 1830
0.043 1.09 63 58 53 50 43 280 1250 310 1380 360 1610 400 1780 430 1920
0.044 1.12 61 57 52 48 42 300 1340 330 1470 380 1700 420 1870 450 2010
0.045 1.14 60 56 51 47 41 310 1360 340 1520 390 1740 430 1920 470 2100
0.046 1.17 58 54 50 46 40 320 1430 360 1610 410 1830 450 2010 490 2130
0.047 1.19 57 53 49 45 39 340 1530 370 1650 430 1920 470 2100 510 2270
0.048 1.22 56 52 48 44 36 350 1560 390 1740 450 2010 490 2180 540 2350

TABLE 2 Wire Diameter Tolerances Final-Galvanized or Final-Coated Zn5 Al-MM Rope Wire

Diameter Range, in. Diameter Range, mm Tolerance, in. Tolerance, mm

Minus Plus Minus Plus

0.025 to 0.061 incl. 0.64 to 1.55 incl. 0.001 0.001 0.03 0.03
Over 0.061 to 0.079 incl. Over 1.55 to 2.01 incl. 0.002 0.002 0.05 0.05
Over 0.079 to 0.092 incl. Over 2.01 to 2.34 incl. 0.003 0.003 0.08 0.08
Over 0.092 to 0.103 incl. Over 2.34 to 2.62 incl. 0.003 0.003 0.08 0.08
Over 0.103 to 0.119 incl. Over 2.62 to 3.02 incl. 0.003 0.003 0.08 0.08
Over 0.119 to 0.142 incl. Over 3.02 to 3.61 incl. 0.003 0.003 0.08 0.08
Over 0.142 to 0.187 incl. Over 3.61 to 4.75 incl. 0.004 0.004 0.10 0.10

Over 0.187 Over 4.75 0.004 0.004 0.10 0.10
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TABLE 3 Continued

Wire Diameter Minimum Torsional Values
(Number of Twists in 8 in.)

Minimum Breaking ForceA

in. mm Level 1 Level 2 Level 3 Level 4 Level 5 Level 1 Level 2 Level 3 Level 4 Level 5
lbf N lbf N lbf N lbf N lbf N

0.049 1.24 55 51 47 43 36 370 1560 410 1830 470 2100 510 2270 550 2450
0.050 1.27 54 50 46 42 37 380 1700 420 1870 490 2180 530 2380 570 2500
0.051 1.30 53 49 45 42 36 400 1760 440 1960 500 2230 560 2500 610 2670
0.052 1.32 52 48 44 41 36 410 1830 480 2050 520 2320 580 2580 620 2730
0.053 1.35 51 47 43 40 36 430 1920 470 2100 540 2410 600 2670 640 2850
0.054 1.37 50 46 42 39 34 440 1960 490 2180 580 2500 620 2780 660 2990
0.055 1.40 49 45 41 38 33 460 2050 510 2270 590 2630 640 2850 690 3070
0.056 1.42 48 44 41 36 33 470 2100 530 2360 610 2720 670 2990 710 3200
0.057 1.45 47 43 40 37 32 490 2180 550 2450 630 2810 690 3070 710 3300
0.058 1.47 46 43 39 36 32 510 2270 570 2540 650 2900 720 3210 710 3430
0.059 1.50 45 42 36 36 31 530 2360 580 2580 670 2990 740 3300 710 3520
0.060 1.52 44 41 38 35 30 540 2410 600 2670 690 3070 760 3390 810 3550
0.061 1.56 44 40 37 35 30 560 2500 620 2760 720 3210 790 3520 850 3790
0.062 1.57 43 40 37 34 29 580 2580 640 2850 740 3300 810 3610 830 3923
0.063 1.60 42 39 36 33 29 600 2670 660 2940 760 3390 840 3740 930 4310
0.064 1.63 42 38 36 33 28 620 2760 690 3070 790 3520 870 3870 930 4140
0.065 1.65 41 38 35 32 28 640 2850 710 3160 810 3610 890 3980 960 4283
0.066 1.68 40 37 34 32 28 680 2940 730 3250 840 3740 920 4100 990 4410
0.067 1.70 40 37 34 31 27 670 2990 750 3340 860 3830 950 4230 1000 4540
0.068 1.73 39 36 33 31 27 690 3070 770 3430 890 3960 980 4360 1060 4630
0.069 1.75 38 36 33 30 26 710 3160 790 3520 910 4050 1000 4450 1160 4810
0.070 1.78 38 35 32 30 26 730 3250 820 3650 940 4190 1030 4590 1110 4940
0.071 1.80 37 35 32 29 26 780 3390 840 3740 970 4320 1080 4720 1140 5080
0.072 1.83 37 34 31 29 25 780 3470 880 3830 990 4410 1090 4850 1170 5200
0.073 1.85 36 34 31 29 25 800 3580 590 3960 1020 4540 1120 4990 1210 5360
0.074 1.86 36 33 30 28 24 820 3650 910 4050 1050 4680 1150 5120 1240 5600
0.075 1.91 35 33 30 28 24 840 3740 930 4140 1070 4760 1180 5250 1270 5680
0.076 1.93 35 32 30 27 24 860 3830 960 4280 1100 4900 1210 5390 1300 5790
0.077 1.96 34 32 29 27 23 890 3960 960 4380 1130 5030 1240 5520 1340 5900
0.078 1.98 34 31 29 27 23 910 4080 1010 4500 1160 5160 1280 5700 1370 6100
0.079 2.01 33 31 28 26 23 930 4140 1030 4590 1190 5300 1310 5830 1410 6300
0.080 2.03 33 30 28 26 22 950 4230 1080 4720 1230 5430 1340 5970 1440 6400
0.081 2.03 33 30 28 26 22 960 4260 1090 4850 1250 5570 1370 6100 1480 6500
0.082 2.03 32 30 27 25 22 1000 4460 1110 4610 1280 5700 1410 6280 1510 0000
0.083 2.11 32 29 27 25 22 1020 4500 1140 5080 1310 5830 1440 6410 1550 0000
0.084 2.13 31 29 27 25 21 1050 4680 1160 5160 1340 5970 1470 6540 1580 7030
0.085 2.16 31 29 26 24 21 1070 4760 1190 5300 1370 6100 1510 6720 1620 7210
0.086 2.18 31 28 26 24 21 1100 4800 1220 5430 1400 6230 1540 6660 1660 7390
0.087 2.21 30 28 26 24 21 1120 4990 1250 5570 1430 6370 1580 7030 1700 7570
0.088 2.24 30 28 25 23 20 1150 5120 1270 5650 1470 6540 1610 7170 1730 7700
0.089 2.26 30 27 25 23 20 1170 5210 1300 5790 1500 6660 1650 7340 1770 7880
0.090 2.29 29 27 25 23 20 1200 5340 1330 5920 1530 6610 1680 7480 1810 8080
0.091 2.31 29 27 24 23 20 1220 5430 1360 6050 1560 6940 1720 7660 1850 8230
0.092 2.34 28 26 24 22 19 1250 5670 1390 6190 1600 7120 1760 7830 1890 8410
0.093 2.36 28 26 24 22 19 1280 5700 1420 6320 1630 7260 1790 7970 1930 8590
0.094 2.39 28 26 24 22 19 1300 5790 1450 6450 1670 7430 1830 8150 1970 8770
0.095 2.41 28 25 23 22 19 1330 5920 1480 6590 1700 7570 1870 8320 2010 8900
0.096 2.44 27 25 23 21 18 1360 6050 1510 6720 1740 7740 1910 8500 2050 9130
0.097 2.46 27 25 23 21 18 1390 6190 1540 6880 1770 7880 1950 8680 2090 9300
0.098 2.49 27 25 23 21 18 1410 6280 1570 6990 1810 8060 1990 8860 2140 9529
0.099 2.51 26 24 22 21 18 1440 6410 1600 7120 1840 8190 2030 9030 2180 9700
0.100 2.54 26 24 22 20 18 1470 6540 1630 7260 1880 8370 2070 9210 2220 9880
0.101 2.57 26 24 22 20 18 1500 6580 1680 7390 1910 8500 2110 9390 2260 10 000
0.102 2.59 26 24 22 20 17 1530 6810 1700 7570 1950 8680 2150 9570 2310 10 210
0.103 2.62 25 23 21 20 17 1560 6940 1730 7700 1990 8860 2190 9750 2360 10 410
0.104 2.64 25 23 21 20 17 1580 7030 1760 7830 2030 9030 2230 9920 2390 10 610
0.105 2.67 25 23 21 19 17 1610 7170 1790 7970 2080 9170 2270 10 100 2440 10 810
0.106 2.69 25 23 21 19 17 1640 7300 1830 8150 2100 9350 2310 10 280 2480 11 010
0.107 2.72 24 22 21 19 16 1670 7430 1860 8280 2140 9520 2350 10 460 2530 11 280
0.108 2.74 24 22 20 19 16 1700 7570 1890 8410 2180 9700 2400 10 680 2580 11 430
0.109 2.77 24 22 20 19 16 1730 7700 1930 8590 2220 9880 2440 10 860 2620 11 630
0.110 2.79 24 22 20 18 16 1770 7880 1960 8720 2260 10 060 2480 11 040 2670 11 830
0.111 2.82 23 22 20 18 16 1800 8010 2000 8900 2300 10 240 2530 11 260 2710 12 050
0.112 2.84 23 21 20 18 16 1830 8150 2030 9030 2340 10 410 2570 11 440 2760 12 230
0.113 2.87 23 21 19 18 15 1880 8280 2070 9210 2380 10 590 2610 11 610 2810 12 500
0.114 2.90 23 21 19 18 15 1890 8410 2100 9350 2420 10 770 2660 11 840 2860 12 730
0.115 2.92 22 21 19 18 15 1920 8550 2140 9620 2480 10 950 2700 12 020 2910 12 950
0.116 2.95 22 21 19 17 15 1960 8720 2170 9660 2500 11 130 2750 12 240 2950 13 130
0.117 2.97 22 20 19 17 15 1990 8860 2210 9840 2540 11 300 2790 12 420 3000 13 350
0.118 3.00 22 20 18 17 15 2020 8960 2240 9970 2580 11 480 2840 12 640 3050 13 670
0.119 3.02 22 20 18 17 15 2050 9120 2290 10 150 2620 11 660 2890 12 880 3100 13 790
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TABLE 3 Continued

Wire Diameter Minimum Torsional Values
(Number of Twists in 8 in.)

Minimum Breaking ForceA

in. mm Level 1 Level 2 Level 3 Level 4 Level 5 Level 1 Level 2 Level 3 Level 4 Level 5
lbf N lbf N lbf N lbf N lbf N

0.120 3.05 21 20 18 17 14 2090 9300 2320 10 320 2670 11 880 2930 13 040 3150 14 030
0.121 3.07 21 20 18 17 14 2120 9440 2360 10 500 2710 12 080 2960 13 260 3200 14 210
0.122 3.10 21 19 18 17 14 2150 9570 2390 10 640 2750 12 240 3030 13 480 3250 14 160
0.123 3.12 21 19 18 16 14 2190 9750 2430 10 610 2800 12 460 3070 13 660 3310 14 730
0.124 3.15 21 19 18 16 14 2220 9660 2470 10 990 2840 12 640 3120 13 880 3360 14 950
0.125 3.18 21 19 17 16 14 2260 10 080 2510 11 170 2880 12 820 3170 14 110 3410 15 170
0.126 3.20 20 19 17 16 14 2290 10 190 2550 11 360 2930 13 040 3220 14 330 3460 15 200
0.127 3.23 20 19 17 16 14 2330 10 370 2580 11 480 2970 13 220 3270 14 550 3510 15 320
0.128 3.25 20 18 17 16 13 2360 10 500 2620 11 600 3020 13 440 3320 14 770 3570 15 390
0.129 3.25 20 18 17 16 13 2400 10 660 2680 11 840 3080 13 620 3370 15 000 3620 16 110
0.130 3.30 20 18 17 15 13 2430 10 610 2700 12 020 3110 13 640 3420 15 220 3670 16 330
0.131 3.33 20 18 17 15 13 2470 10 990 2740 12 190 3150 14 020 3470 15 440 3730 16 800
0.132 3.35 19 18 16 15 13 2500 11 130 2780 12 370 3200 14 240 3620 15 660 3780 16 830
0.133 3.38 19 18 16 15 13 2540 11 300 2820 12 550 3250 14 480 3670 15 890 3840 17 090
0.134 3.40 19 18 16 15 13 2580 11 460 2860 12 730 3290 14 640 3620 16 110 3890 17 310
0.135 3.43 19 17 16 15 13 2610 11 610 2900 12 900 3340 14 860 3670 16 330 3950 17 580
0.136 3.45 19 17 16 15 13 2650 11 790 2940 13 080 3390 15 080 3720 16 550 4000 17 800
0.137 3.48 19 17 16 15 13 2690 11 970 2990 13 310 3430 15 260 3780 16 820 4080 18 060
0.138 3.51 18 17 16 14 12 2720 12 100 3030 13 480 3480 15 480 3630 17 040 4120 18 330
0.139 3.53 18 17 15 14 12 2760 12 260 3070 13 660 3530 15 710 3880 17 260 4170 18 560
0.140 3.56 18 17 15 14 12 2800 12 460 3110 13 840 3580 15 630 3940 17 530 4230 18 820
0.141 3.58 18 17 15 14 12 2840 12 640 3150 14 020 3630 16 150 3990 17 750 4290 19 090
0.142 3.61 18 17 15 14 12 2880 12 820 3200 14 240 3680 16 370 4040 17 980 4350 19 360
0.143 3.63 18 16 15 14 12 2910 12 950 3240 14 420 3720 16 550 4100 18 240 4400 19 680
0.144 3.65 18 16 15 14 12 2960 13 130 3260 14 600 3770 16 770 4150 18 470 4460 19 840
0.145 3.66 18 16 15 14 12 2990 13 310 3330 14 820 3820 17 000 4210 18 730 4620 20 110
0.146 3.71 17 16 15 14 12 3030 13 480 3370 15 000 3870 17 220 4280 18 950 4680 20 380
0.147 3.73 17 16 15 13 12 3070 13 880 3410 15 170 3920 17 440 4320 19 220 4640 20 640
0.148 3.76 17 16 14 13 11 3110 13 840 3480 15 400 3960 17 710 4370 19 440 4700 20 910
0.149 3.78 17 16 14 13 11 3150 14 020 3500 15 570 4030 17 930 4430 19 710 4760 21 180
0.150 3.81 17 16 14 13 11 3190 14 190 3550 15 800 4080 18 150 4490 19 980 4820 21 450
0.151 3.84 17 15 14 13 11 3230 14 370 3590 15 970 4130 18 380 4540 20 200 4880 21 710
0.152 3.86 17 15 14 13 11 3270 14 550 3640 16 200 4180 18 800 4600 30 470 4940 21 980
0.153 3.89 17 15 14 13 11 3310 14 730 3680 16 370 4230 18 820 4660 20 730 5010 22 290
0.154 2.91 16 15 14 13 11 3350 14 910 3730 18 800 4290 19 090 4710 20 980 5070 22 580
0.155 3.94 16 15 14 13 11 3400 15 130 3770 16 770 4340 19 310 4770 21 220 5130 22 830
0.156 3.96 16 15 14 13 11 3440 15 310 3820 17 000 4390 19 630 48 30 21 490 5190 23 090
0.157 3.99 16 15 14 13 11 3480 15 480 3880 17 180 4440 19 760 4890 21 750 5260 23 400
0.158 4.01 16 15 13 12 11 3520 15 880 3910 17 400 4600 20 030 4950 22 020 5320 23 670
0.159 4.04 16 15 13 12 11 3560 15 840 3980 17 620 4550 20 240 5010 22 290 5380 23 940
0.160 4.06 16 14 13 12 10 3600 16 020 4010 17 840 4610 20 510 5070 22 560 5450 24 250
0.161 4.09 16 14 13 12 10 3650 16 240 4050 18 020 4660 20 730 5130 22 820 5510 24 510
0.162 4.11 16 14 13 12 10 3690 16 420 4100 18 240 4720 21 000 5190 23 090 5580 24 830
0.163 4.14 15 14 13 12 10 3730 16 600 4150 18 470 4770 21 220 5250 23 360 5840 25 090
0.164 4.17 15 14 13 12 10 3780 16 820 4200 18 690 4830 21 490 5310 23 630 5710 25 400
0.165 4.19 15 14 13 12 10 3820 17 000 4240 18 870 4880 21 710 5370 23 890 5770 25 870
0.166 4.22 15 14 13 12 10 3880 17 180 4290 19 090 4940 21 980 5430 24 160 5840 25 680
01.67 4.24 15 14 13 12 10 3910 17 400 4340 19 310 4990 22 200 5490 24 430 5900 26 250
0.168 4.27 15 14 13 12 10 3950 17 580 4390 19 530 5050 22 470 5560 24 690 5970 26 560
0.169 4.29 15 14 12 12 10 4000 17 800 4440 19 760 5110 22 740 5620 25 000 6040 26 870
0.170 4.32 15 14 12 11 10 4040 17 980 4490 19 980 5180 22 960 5660 25 270 6100 27 140
0.171 4.34 15 13 12 11 10 4080 18 150 4540 20 200 5220 23 220 5740 25 540 6170 27 450
0.172 4.37 15 13 12 11 10 4130 18 380 4590 20 420 5280 23 490 5800 25 800 6240 27 760
0.173 4.39 14 13 12 11 10 4170 18 550 4640 20 640 5330 23 710 5870 26 120 6310 28 070
0.174 4.42 14 13 12 11 10 4220 18 780 4690 20 870 5390 23 980 5930 26 380 6380 28 380
0.175 4.45 14 13 12 11 9 4270 19 000 4740 21 090 5450 24 250 6000 26 690 6450 28 700
0.176 4.47 14 13 12 11 9 4310 19 180 4790 21 310 5510 24 510 6060 26 960 6510 28 960
0.177 4.50 14 13 12 11 9 4360 19 400 4840 21 530 5570 24 780 6120 27 230 6580 29 270
0.178 4.52 14 13 12 11 9 4400 19 580 4890 21 780 5630 25 050 6190 27 540 6650 29 590
0.179 4.55 14 13 12 11 9 4450 19 800 4940 21 980 5690 25 320 6250 27 810 6720 29 900
0.180 4.57 14 13 12 11 9 4500 20 020 5000 22 250 5750 25 580 6320 28 120 6790 30 210
0.181 4.60 14 13 12 11 9 4540 20 200 5050 22 470 5810 25 850 6390 28 430 6860 30 620
0.182 4.62 14 13 11 11 9 4590 20 420 5100 22 690 5870 26 120 6450 28 700 6940 30 880
0.183 4.65 14 12 11 11 9 4640 20 640 5150 22 910 5930 26 380 6520 29 010 7010 31 190
0.184 4.67 13 12 11 10 9 4680 20 820 5210 23 180 5990 26 650 6580 29 270 7060 31 500
0.185 4.70 13 12 11 10 9 4730 21 050 5260 23 400 6050 26 920 6650 29 590 7150 31 810
0.186 4.72 13 12 11 10 9 4780 21 270 5310 23 630 6110 27 180 6720 29 900 7220 32 120
0.187 4.75 13 12 11 10 9 4830 21 460 5360 23 850 6170 27 450 6790 30 210 7290 32 430
0.188 4.78 13 12 11 10 9 4880 21 710 5420 24 110 6230 27 720 6850 30 480 7370 32 790
0.189 4.80 13 12 11 10 9 4920 21 890 5470 24 340 6290 27 980 6920 30 790 7440 33 100
0.190 4.83 13 12 11 10 9 4970 22 110 5630 24 600 6350 28 250 6990 31 100 7510 33 410
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TABLE 3 Continued

Wire Diameter Minimum Torsional Values
(Number of Twists in 8 in.)

Minimum Breaking ForceA

in. mm Level 1 Level 2 Level 3 Level 4 Level 5 Level 1 Level 2 Level 3 Level 4 Level 5
lbf N lbf N lbf N lbf N lbf N

0.191 4.85 13 12 11 10 9 5030 22 340 5580 24 830 6420 28 580 7080 31 410 7590 33 770
0.192 4.88 13 12 11 10 8 5070 22 580 5630 25 050 6480 28 830 7130 31 720 7660 34 080
0.193 4.90 13 12 11 10 8 5120 22 780 5690 25 320 6540 29 100 7200 32 030 7740 34 430
0.194 4.93 13 12 11 10 8 5170 23 000 5740 25 540 6610 29 410 7270 32 340 7810 34 750
0.195 4.95 13 12 11 10 8 5220 23 220 5800 25 800 6670 29 670 7340 32 650 7890 35 100
0.196 4.96 13 12 11 10 8 5270 23 450 5850 26 030 6730 29 940 7410 32 970 7960 35 410
0.197 5.00 13 11 10 10 8 5320 23 670 5910 26 290 6800 30 250 7480 33 280 8040 36 770
0.198 5.03 12 11 10 10 8 5370 23 890 5970 26 580 6880 30 520 7550 33 590 8110 36 080
0.199 5.05 12 11 10 10 8 5420 24 110 6020 26 780 6920 30 790 7620 33 900 8190 36 440
0.200 5.06 12 11 10 9 8 5470 24 340 6080 27 050 6990 31 100 7690 34 210 8260 36 750
0.201 5.11 12 11 10 9 8 5520 24 580 6130 27 270 7050 31 380 7780 34 520 8340 37 100
0.202 5.13 12 11 10 9 8 5570 24 780 6190 27 540 7120 31 680 7830 34 630 8420 37 460
0.203 5.16 12 11 10 9 8 5620 25 000 6250 27 810 7180 31 940 7900 35 150 8490 37 770
0.204 5.18 12 11 10 9 8 5670 25 230 6300 28 030 7250 32 250 7970 35 480 8570 38 130
0.205 5.21 12 11 10 9 8 5720 25 460 6360 26 300 7320 32 570 8050 35 810 8850 38 480
0.206 5.23 12 11 10 9 8 5780 25 720 6420 28 560 7380 32 830 8120 36 120 8730 38 840
0.207 5.26 12 11 10 9 8 5830 25 940 6480 26 830 7450 33 140 8190 36 440 8810 39 190
0.208 5.28 12 11 10 9 8 5880 26 180 6530 29 050 7510 33 410 8270 36 790 8890 39 650
0.209 5.31 12 11 10 9 8 5930 26 380 6590 29 320 7580 33 720 8340 37 100 8960 39 860
0.210 5.33 12 11 10 9 8 5990 26 650 6850 29 590 7650 34 030 8410 37 410 9040 40 220
0.211 5.36 12 11 10 9 8 6040 26 870 6710 29 850 7710 34 300 8490 37 770 9120 40 570
0.212 5.38 12 11 10 9 8 6090 27 090 6770 30 120 7780 34 610 8560 38 080 9200 40 930
0.213 5.41 11 11 10 9 8 6140 27 320 6830 30 390 7650 34 920 8630 38 390 9280 41 380
0.214 5.44 11 10 10 9 7 6200 27 580 6890 30 650 7920 35 230 8710 38 750 9360 41 640
0.215 5.46 11 10 9 9 7 6250 27 810 6940 30 880 7990 35 550 8780 39 080 9440 42 000
0.216 5.49 11 10 9 9 7 6300 28 030 7000 31 140 8050 35 810 8880 39 420 9520 42 350
0.217 5.51 11 10 9 9 7 6380 28 300 7080 31 410 8120 36 120 8940 39 770 9610 42 750
0.218 5.54 11 10 9 9 7 6410 28 520 7120 31 680 8190 36 440 9010 40 080 9690 43 110
0.219 5.56 11 10 9 9 7 6460 28 740 7180 31 940 8260 36 750 9090 40 440 9770 43 460
0.220 5.59 11 10 9 8 7 6520 29 010 7240 32 210 8330 37 080 9160 40 750 9850 43 830
0.221 5.61 11 10 9 8 7 6570 29 230 7300 32 480 8400 37 370 9240 41 110 9930 44 180
0.222 5.64 11 10 9 8 7 6630 29 500 7360 32 740 8470 37 680 9320 41 460 10 020 44 580
0.223 5.65 11 10 9 8 7 6680 29 720 7430 33 080 8540 37 990 9390 41 770 10 100 44 930
0.224 5.89 11 10 9 8 7 6740 29 990 7490 33 320 8610 36 300 9470 42 130 10 150 45 290
0.225 5.72 11 10 9 8 7 6790 30 210 7550 33 590 8680 36 620 9550 42 490 10 260 45 640
0.226 5.74 11 10 9 8 7 6850 30 480 7610 33 880 8750 38 930 9630 42 840 10 350 46 040
0.227 5.77 11 10 9 8 7 6900 30 700 7670 34 120 8820 39 240 9700 43 150 10 430 46 400
0.228 5.79 11 10 9 8 7 6960 30 980 7730 34 390 8890 39 550 9780 43 510 10 520 46 600
0.229 5.82 11 10 9 8 7 7020 31 230 7790 34 680 8980 39 880 9880 43 860 10 600 46 000
0.230 5.84 10 10 9 8 7 7070 31 450 7880 34 970 9040 40 220 3940 44 230 10 680 47 000
0.231 5.97 10 10 9 8 7 7130 31 720 7930 36 230 9110 40 530 10 030 44 580 10 770 47 000
0.232 5.50 10 10 9 8 7 7180 31 940 7980 35 500 9180 40 840 10 100 44 930 10 850 48 270
0.233 5.92 10 9 9 8 7 7240 32 210 8040 35 770 9250 41 150 10 180 46 290 10 940 48 670
0.234 5.94 10 9 9 8 7 7300 32 480 8110 36 080 9320 41 460 10 260 45 640 11 030 49 070
0.235 5.97 10 9 9 8 7 7360 32 700 8170 36 350 9400 41 820 10 340 48 000 11 110 49 420
0.236 5.99 10 9 8 8 7 7410 32 970 8230 36 610 9470 42 130 10 420 46 360 11 200 49 830
0.237 6.02 10 9 8 8 7 7470 33 230 8300 36 930 9540 42 440 10 500 46 710 11 280 50 180
0.238 6.05 10 9 8 8 7 7530 33 500 8360 37 190 9620 42 800 10 580 47 070 11 370 50 580
0.239 6.07 10 9 8 8 7 7580 33 720 8430 37 500 9690 43 110 10 680 47 420 11 460 50 980
0.240 6.10 10 9 8 8 6 7640 33 990 8490 37 770 9760 43 420 10 740 47 780 11 580 51 360
0.241 6.12 10 9 8 8 6 7700 34 260 8550 38 040 9840 43 780 10 820 48 130 11 630 51 740
0.242 6.15 10 9 8 8 6 7780 34 620 8620 38 350 9910 44 090 10 900 48 490 11 720 52 150
0.243 6.17 10 9 8 8 6 7820 34 790 8680 38 620 9990 44 440 10 980 48850 11 810 52 540
0.244 6.20 10 9 8 8 6 7870 35 010 8750 38 930 10 080 44 750 11 070 49 250 11 900 52 940
0.245 6.22 10 9 8 7 6 7930 35 280 8610 39 190 10 140 45 110 11 150 49 600 11 990 53 340
0.246 6.25 10 9 8 7 6 7990 35 550 8880 39 510 10 210 45 420 11 230 49 960 12 070 53 700
0.247 6.27 10 9 8 7 6 8050 35 810 8940 39 770 10 290 46 780 11 310 50 310 12 160 54 100
0.248 6.30 10 9 8 7 6 8110 38 080 9010 40 080 10 380 48 090 11 400 50 710 12 250 54 500
0.249 6.32 10 9 8 7 6 8170 36 350 9080 40 390 10 440 48 440 11 480 51 070 12 340 54 600
0.250 6.36 10 9 8 7 6 8230 36 610 9140 40 660 10 510 48 780 11 580 51 430 12 430 56 300

A 1 lbf = 4.448222 N.

9. Torsional Properties

9.1 Torsion Test—The torsion test shall be conducted in
accordance with Test Method A 938 with the following modi-
fications. The standard distance between the jaws of the testing
machine is 86 1⁄16 in. (203 6 1 mm). In order to save time
during tests, the distance between the jaws of the testing

machine may be shortened to as small as 100 wire diameters
(less than 8 in. (203 mm)). One end of the wire is to be rotated
with respect to the other end at a uniform speed, not to exceed
sixty 360° (6.28 rad) revolutions per minute, until breakage
occurs. The machine must be equipped with an automatic
counter to record the number of revolutions (twists) causing
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breakage. One jaw shall be fixed axially and the other jaw
movable axially and arranged for applying tension weights to
wire under test. Tests in which breakage occurs within1⁄8 in.
(3.18 mm) of the jaw may be disregarded.

9.2 Torsional Response Values—The minimum number of
twists for bright (uncoated) or drawn galvanized wire of the
grades and sizes listed in Table 3 shall be the number of 360°
(6.28 rad) revolutions in an 8-in. (203 mm) length that the wire
must withstand before breakage occurs. When the distance
between the jaws of the testing machine is different than 8 in.
(203-mm), as permitted by 9.1, the minimum number of twists
shall be adjusted in direct proportion to the change in jaw
spacing as determined by the following formula:

TA 5
~TL 3 LD!

LL
(1)

where:
TA = minimum number of twists for the adjusted spacing,
TL = minimum number of twists for 8 in. (203 mm) jaw

spacing for size and grade.
LD = distance between testing machine jaws for adjusted

spacing, inches (mm).
LL = 8 in. (203 mm).

Torsion testing of final-galvanized or final coated Zn5
Al-MM rope wire is not required but can be produced to the
torsional requirements of Table 3 for uncoated rope wire,
subject to the following reduced values.

Wire over 0.120 in. 30 % of Table 3 minimum
Wire 0.080—0.120 in. 40 % of Table 3 minimum
Wire 0.035—0.079 in. 50 % of Table 3 minimum

9.3 Torsion Test Loading—During the torsion test, a mini-
mum pound force as shown in Table 4 shall be applied to the
wire being tested.

10. Wrap Testing

10.1 All metallic coated wire produced to this specification
must meet a wrap test as a measure of steel ductility. The
wrapping may be done by any hand or power device that will
coil the wire in a closely wound helix about a mandrel equal to
twice the nominal diameter of the material being tested for six
complete turns without wire fracture.

10.2 All metallic coated wire produced to this specification
must meet a wrap test as a measure of coating adherence. The
wrapping may be done by any hand or power device that will
coil the wire in a closed helix about a mandrel for six complete
turns without the coating of the wire flaking or cracking. The
mandrel diameter for drawn coatings (either galvanized or
mischmetal) is as listed in Table 5. The mandrel for final-
galvanized wire and final-coated ZN5/AL-MM is as listed in
Table 6.

11. Metallic Coatings for Rope Wire

11.1 Drawn-galvanized and drawn-Zn5 Al-MM rope wire
shall be made having a tightly adherent, uniform, and continu-
ous coating. The minimum weight of zinc or zinc-alloy coating
tested in accordance with Specification A 90/A 90M shall be as
specified in Table 5. The mandrel diameter shall be as specified
in Table 5.

11.2 Final-galvanized and final-coated Zn5 Al-MM rope
wire shall be made having a tightly adherent, uniform and
continuous coating. The minimum weight of zinc or zinc-alloy
coating tested in accordance with Specification A 90/A 90M
shall be as specified in Table 6. The mandrel diameter shall be
as specified in Table 6.

12. Workmanship, Finish and Appearance

12.1 The surface of the wire shall be free from rust and
excessive scale. The wire surface shall be smooth and free from
detrimental discontinuities such as seams, pits, and die marks.

12.2 Each coil or spool of wire shall be one continuous
length properly coiled and firmly tied.

13. Sampling

13.1 Material testing shall be carried out by the supplier in
accordance with a method approved by the purchaser. The
number of test specimens taken from the end of a given
package vary with the quality control procedures and the
facilities of each manufacturer, but is generally not less than
10 % of the coils produced.

TABLE 4 Applied Load (Pound Force) for Torsion Testing

Diameter of Wire Minimum Applied LoadA

in. mm
Pounds force

(lbf) Newtons (N)

Over 0.010 to 0.016 Over 0.25 to 0.41 0.5 4
Over 0.016 to 0.020 Over 0.41 to 0.51 1 5
Over 0.020 to 0.030 Over 0.51 to 0.76 2 9
Over 0.030 to 0.040 Over 0.76 to 1.02 3 14
Over 0.040 to 0.050 Over 1.02 to 1.28 4 18
Over 0.050 to 0.060 Over 1.28 to 1.53 5 20
Over 0.060 to 0.070 Over 1.53 to 1.79 6 25
Over 0.070 to 0.080 Over 1.79 to 2.04 7 29
Over 0.080 to 0.090 Over 2.04 to 2.30 8 36
Over 0.090 to 0.100 Over 2.30 to 2.55 9 43
Over 0.100 to 0.110 Over 2.55 to 2.80 10 47
Over 0.110 to 0.120 Over 2.80 to 3.06 11 51
Over 0.120 to 0.130 Over 3.06 to 3.31 12 56
Over 0.130 to 0.140 Over 3.31 to 3.57 13 58
Over 0.140 to 0.150 Over 3.57 to 3.82 14 62
Over 0.150 to 0.160 Over 3.82 to 4.07 15 67
Over 0.160 to 0.170 Over 4.07 to 4.33 16 71
Over 0.170 to 0.180 Over 4.33 to 4.58 17 76
Over 0.180 to 0.190 Over 4.58 to 4.84 18 80
Over 0.190 to 0.200 Over 4.84 to 5.09 19 85
Over 0.200 to 0.210 Over 5.09 to 5.34 20 89
Over 0.210 to 0.220 Over 5.34 to 5.60 21 94
Over 0.220 to 0.230 Over 5.60 to 5.85 22 98
Over 0.230 to 0.240 Over 5.85 to 6.10 23 103
Over 0.240 to 0.250 Over 6.10 to 6.35 24 107

A Weights shall not exceed twice the minimums listed.

TABLE 5 Weight of Coating-Mandrel Diameter Drawn-Galvanized
or Drawn Zn5 Al-MM Rope Wire

Diameter of Wire Adherence
Test

Minimum Weight of
Coating

in. mm
Mandrel

DiameterA oz/ft2 kg/m2

0.010 to 0.015 0.25 to 0.38 1D 0.05 0.015
0.018 to 0.028 0.46 to 0.71 2D 0.10 0.03
0.029 to 0.060 0.74 to 1.52 3D 0.20 0.06
0.061 to 0.090 1.55 to 2.29 4D 0.30 0.09
0.091 to 0.140 2.31 to 3.56 5D 0.40 0.12
A Where: D = nominal diameter of wire being tested.
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13.2 The purchaser may elect to have incoming acceptance
testing performed. To ensure representative sampling, the
samples shall be taken at random from the coil or spool ends.

14. Retesting

14.1 If non-complying results are obtained, the purchaser
may reject the entire lot, reclassify the material or perform

further testing to establish material acceptability. This addi-
tional testing shall be based solely on the non-complying
characteristic.

15. Package Marking

15.1 The coil or spool mass, dimensions, and protective
covering shall be agreed upon between the manufacturer and
purchaser.

15.2 The wire size, purchaser order number, ASTM speci-
fication number, heat number and manufacturer identification
shall be on a tag securely attached to each package.

15.3 Bar coding of each package is acceptable as a supple-
mentary identification method on the wire identification tag. If
bar coding is used, the coding shall be consistent with the
AIAG Standard 02.00, Primary Metals Identification Tag
Application.

16. Keywords

16.1 metallic coated; rope; wire

APPENDIXES

(Nonmandatory Information)

X1. IMPERIAL (ENGLISH) WIRE MATERIALS (IN ACCORDANCE WITH CRITERIA SET FORTH IN EN 10264-1.2)

X1.1 Definitions of Terms Relating to Sampling and Accep-
tance:

X1.1.1 batch—a defined quantity of wire of the same
diameter, the same grade, and the same finish presented for
inspection and manufactured in conditions assumed to be
identical and uniform.

X1.1.2 unit (wire package)—A variable or fixed quantity
supplied in a:

X1.1.2.1 coil of a single length or mass of wire, or
X1.1.2.2 bobbin (reel)—A single length or mass of wire

wound on a reel, spool or bobbin, or
X1.1.2.3 flat coil (spooless core)—A single length or mass

of wire wound on a cardboard center drum, or
X1.1.2.4 other wire packaging as agreed between supplier

and purchaser.
X1.1.3 base unit for sampling (m1)—a mass expressed in

pounds (lb) conventionally with a value equal to 100d, where
d is the diameter of the wire expressed in inches.

X1.1.4 size of batch (N):number given by the following
formula:

N 5
m

2.83 1022 3 m1

(X1.1)

where:
m = batch mass, tons, and
m1 = base unit mass, lb.

Knowing that conventionally:

m1 5 100d (X1.2)

where:

d = nominal wire diameter, in.,
it follows that:

N 5
m

2.83 1022 3 100d
(X1.3)

or:

N 5
0.357m

d (X1.4)

X1.1.5 sample for testing—a sufficient length of wire for
measurement of an individual characteristic.

X1.1.6 sampling length—a sufficient length of wire to
produce the necessary samples for testing all characteristics.

X1.1.7 sampling—taking all necessary samples to supply
information on the batch.

X1.1.8 sample size, n—number of samples for tests.
X1.1.9 non-conformance—result of a test not complying

with the requirements for a characteristic.

X1.2 Definitions of Terms Relating to Sampling and Accep-
tance:

X1.2.1 batch—a defined quantity of wire of the same
diameter, the same grade, and the same finish presented for
inspection and manufactured in conditions assumed to be
identical and uniform.

X1.2.2 unit (wire package)—a variable or fixed quantity
supplied in a:

X1.2.2.1 coil of a single length or mass of wire, or
X1.2.2.2 bobbin (reel)—A single length or mass of wire

wound on a reel, spool or bobbin, or

TABLE 6 Weight of Coating-Mandrel Diameter Final-Galvanized
or Final Coated Zn5 Al-MM Rope Wire

Diameter of Wire Adherence
Test

Minimum Weight of
Coating

in. mm
Mandrel

DiameterA oz/ft2 kg/m2

0.025 to 0.047 0.64 to 1.19 2D 0.20 0.06
0.048 to 0.054 1.22 to 1.37 2D 0.40 0.12
0.055 to 0.063 1.40 to 1.60 2D 0.50 0.15
0.064 to 0.079 1.63 to 2.01 2D 0.60 0.18
0.080 to 0.092 2.03 to 2.34 3D 0.70 0.21
0.093 to 0.192 2.36 to 4.88 3D 0.80 0.24

0.193 and larger 4.90 and larger 3D 0.90 0.27
A Where: D = nominal diameter of wire being tested.
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X1.2.2.3 flat coil (spooless core)—A single length or mass
of wire wound on a cardboard center drum, or

X1.2.2.4 other wire packaging as agreed between supplier
and purchaser.

X1.2.3 base unit for sampling (m1)—a mass expressed in
(kilograms) conventionally with a value equal to 100d, where
d is the diameter of the wire expressed in (millimetres).

X1.2.4 size of batch (N)—number given by the formula:

N 5
m

103 3 m1

(X1.5)

where:
m = batch mass, tonnes, and
m1 = base unit mass, kg.

Knowing that conventionally:

m1 5 100d (X1.6)

where:

d = nominal wire diameter (mm),
it follows that:

N 5
m

1023 3 100d
(X1.7)

or:

N 5
10m

d (X1.8)

X1.2.5 sample for testing—a sufficient length of wire for
measurement of an individual characteristic.

X1.2.6 sampling length—a sufficient length of wire to
produce the necessary samples for testing all characteristics.

X1.2.7 sampling—taking all necessary samples to supply
information on the batch.

X1.2.8 sample size, n—number of samples for tests.
X1.2.9 non-conformance—result of a test not complying

with the requirements for a characteristic.

X2. METRIC WIRE MATERIALS (IN ACCORDANCE WITH CRITERIA SET FORTH IN eN 10264-1.2)

X2.1 Definition of Terms Relating to Sampling and Accep-
tance:

X2.1.1 batch—a defined quantity of wire of the same
diameter, the same grade, and the same finish presented for
inspection and manufactured in conditions assumed to be
identical and uniform.

X2.1.2 unit (wire package)—a variable or fixed quanity
supplied in a:

X2.1.2.1 coil of a single length or mass of wire, or
X2.1.2.2 bobbin (reel)—a single length or mass of wire

wound on a reel, spool or bobbin, or
X2.1.2.3 flat coil (spooless core)—a single length or mass

of wire wound on a cardboard center drum, or
X2.1.2.4 other wire packaging as agreed between supplier

and purchaser.
X2.1.3 base unit for sampling (m1)—a mass expressed in

(kilograms) conventionally with a value equal to 100d, where
d is the diameter of the wire expressed in (millimetres).

X2.1.4 size of batch (N):number given by the formula:

N 5
m

1023 3 m1

(X2.1)

where:

m = batch mass, tonnes, and
m1 = base unit mass, kg.

Knowing that conventionally:

m1 5 100d (X2.2)

where:
d = nominal wire diameter, mm,

it follows that:

N 5
m

1023 3 100d
(X2.3)

or:

N 5
10m

d (X2.4)

X2.1.5 sample for testing—a sufficient length of wire for
measurement of an individual characteristic.

X2.1.6 sampling length—a sufficient length of wire to
produce the necessary samples for testing all characteristics.

X2.1.7 sampling—taking all necessary samples to supply
information on the batch.

X2.1.8 sample size, n,—number of samples for tests.
X2.1.9 non-conformance—result of a test not complying

with the requirements for a characteristic.

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: A 1008/A 1008M – 04a

Standard Specification for
Steel, Sheet, Cold-Rolled, Carbon, Structural, High-Strength
Low-Alloy and High-Strength Low-Alloy with Improved
Formability 1

This standard is issued under the fixed designation A 1008/A 1008M; 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 cold-rolled, carbon, structural, high-strength low-alloy, and high-strength low-alloy with improved
formability steel sheet, in coils and cut lengths.

1.2 Cold rolled steel sheet is available in the designations as listed in 4.1.
1.3 This specification does not apply to steel strip as described in Specification A 109.
1.4 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 must be used
independently of the other.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel, Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee A01.19
on Steel Sheet and Strip.

Current edition approved Feb. April 1, 2004. Published February April 2004. Originally approved in 2000. Last previous edition approved in 20034 as
A 1008/A 1008M – 034.

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.



2. Referenced Documents

2.1 ASTM Standards:2

A 109/A 109M Specification for Steel, Strip, Carbon (0.25 Maximum Percent), Cold Rolled
A 366/A 366M Specification for Commercial Steel (CS), Sheet, Carbon (0.15 Maximum Percentage), Cold-Rolled3

A 370 Test Methods and Definitions for Mechanical Testing of Steel Products
A 568/A 568M Specification for Steel, Sheet, Carbon, and High-Strength, Low-Alloy, Hot-Rolled and Cold-Rolled, General

Requirements for
A 620/A 620M Specification for Drawing Steel (DS), Sheet, Carbon, Cold-Rolled3

A 941 Terminology Relating to Steel, Stainless Steel, Related Alloys, and Ferroalloys
E 18 Test Methods for Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials
E 517 Test Method for Plastic Strain Ratio r for Sheet Metal
E 646 Test Method for Tensile Strain-Hardening Exponents (n-Values) of Metallic Sheet Materials

3. Terminology

3.1 Definitions:
3.1.1 For definitions of other terms used in this specification, refer to Terminology A 941.
3.1.2 stabilization—the addition of one or more nitride- or carbide-forming elements, or both, such as titanium and columbium,

to control the level of the interstitial elements of carbon and nitrogen in the steel.
3.1.2.1 Discussion—Stabilizing improves formability and increases resistance to aging.
3.1.3 vacuum degassing—a process of refining liquid steel in which the liquid is exposed to a vacuum as part of a special

technique for removing impurities or for decarburizing the steel.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 aging—loss of ductility with an increase in hardness, yield strength, and tensile strength that occurs when steel that has

been slightly cold worked (such as by temper rolling) is stored for some time.
3.2.1.1 Discussion—Aging increases the tendency of a steel to exhibit stretcher strains and fluting.

4. Classification

4.1 Cold-rolled steel sheet is available in the following designations:
4.1.1 Commercial Steel (CS Types A, B, and C),
4.1.2 Drawing Steel (DS Types A and B),

NOTE 1—CS Type B and DS Type B describe the most common product previously included, respectively, in Specifications A 366/A 366M and
A 620/A 620M.

4.1.3 Deep Drawing Steel (DDS),
4.1.4 Extra Deep Drawing Steel (EDDS),
4.1.5 Structural Steel (SS grades 25[170], 30[205], 33[230] Types 1 and 2, 40[275] Types 1 and 2, 50[340], 60[410], 70[480],

and 80[550]).
4.1.6 High-Strength Low-Alloy Steel (HSLAS, in classes 1 and 2, in grades 45[310], 50[340]. 55[380], 60[410], 65[450], and

70[480] in Classes 1 and 2), and
4.1.7 High-Strength Low-Alloy Steel with Improved Formability (HSLAS-F grades 50[340], 60[410], 70[480], and 80[550]).
4.1.7.1 HSLAS-F steel has improved formability when compared to HSLAS. The steel is fully deoxidized, made to fine grain

practice and includes microalloying elements such as columbium, vanadium, zirconium, etc. The steel shall be treated to achieve
inclusion control.

4.2 When required for HSLAS and HSLAS-F steels, limitations on the use of one or more of the microalloy elements shall be
specified on the order.

4.3 Cold-rolled steel sheet is supplied for either exposed or unexposed applications. Within the latter category, cold-rolled sheet
is specified either “temper rolled” or “annealed last.” For details on processing, attributes and limitations, and inspection standards,
refer to Specification A 568/A 568M.

5. Ordering Information

5.1 It is the purchaser’s responsibility to specify in the purchase order all ordering information necessary to describe the required
material. Examples of such information include, but are not limited to, the following:

5.1.1 ASTM specification number and year of issue;
5.1.2 Name of material and designation (cold-rolled steel sheet) (include grade, type, and class, as appropriate, for CS, DS,

DDS, EDDS, SS, HSLAS, or HSLAS-F) (see 4.1);

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 Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.

3 Withdrawn.
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5.1.2.1 When a type is not specified for CS or DS, Type B will be furnished (see 4.1);
5.1.2.2 When a class is not specified for HSLAS, Class 1 will be furnished (see 4.1);
5.1.2.3 When a type is not specified for SS33[230] and SS40[275], Type 1 will be furnished (see 4.1);
5.1.3 Classification (either exposed, unexposed, temper rolled, or annealed last) (see 4.3);
5.1.4 Finish (see 9.1);
5.1.5 Oiled or not oiled, as required (see 9.2);
5.1.6 Dimensions (thickness, thickness tolerance table (see 5.1.6.1), width, and whether cut lengths or coils);
5.1.6.1 As agreed upon between the purchaser and the producer, material ordered to this specification will be supplied to meet

the applicable thickness tolerance table shown in Specification A 568/A 568M;

NOTE 2—Not all producers are capable of meeting all the limitations of the thickness tolerance tables in Specification A 568/A 568M. The purchaser
should contact the producer regarding possible limitations prior to placing an order.

5.1.7 Coil size (must include inside diameter, outside diameter, and maximum weight);
5.1.8 Copper bearing steel (if required);
5.1.9 Quantity;
5.1.10 Application (part identification and description);
5.1.11 Special requirements (if required), and
5.1.12 A report of heat analysis will be supplied, if requested, for CS, DS, DDS, and EDDS. For materials with required

mechanical properties, SS, HSLAS, and HSLAS-F, a report is required of heat analysis and mechanical properties as determined
by the tension test.

NOTE 3—A typical ordering description is as follows: ASTM A 1008-XX, cold rolled steel sheet, CS Type A, exposed, matte finish, oiled, 0.035 by
30 in. by coil, ID 24 in., OD 48 in., max weight 15 000 lbs, thickness tolerance Table 18 of Specification A 568/A 568M, 100 000 lb, for part No. 4560,
Door Panel.
or:
ASTM A 1008M-XX, cold-rolled steel sheet, SS grade 275, unexposed, matte finish, oiled, 0.88 mm by 760 mm by 2440 mm, thickness tolerance Table
A1.15 of Specification A 568/A 568M, 10 000 kg, for shelf bracket.

6. General Requirements for Delivery

6.1 Material furnished under this specification shall conform to the applicable requirements of the current edition of
Specification A 568/A 568M unless otherwise provided herein.

7. Chemical Composition

7.1 The heat analysis of the steel shall conform to the chemical composition requirements of the appropriate designation shown
in Table 1 for CS, DS, DDS, and EDDS and in Table 2 for SS, HSLAS, and HSLAS-F.

7.2 Each of the elements listed in Table 1 and Table 2 shall be included in the report of the heat analysis. When the amount of
copper, nickel, chromium, or molybdenum is less than 0.02 %, report the analysis as <0.02 % or the actual determined value. When

TABLE 1 Chemical Composition A

For Cold Rolled Steel Sheet Designations CS, DS, DDS, and EDDS

Composition, % Heat Analysis
(Element Maximum Unless Otherwise Shown

Designation C Mn P S Al Si CuB NiB CrB,C MoB V Cb Ti N

CS Type AD,E,F,G 0.10 0.60 0.030 0.035 . . . . . . 0.20H 0.20 0.15 0.06 0.008 0.008 0.008I . . .
CS Type BD 0.02 to

0.15
0.60 0.030 0.035 . . . . . . 0.20H 0.20 0.15 0.06 0.008 0.008 0.008I . . .

CS Type CD,E,F,G 0.08 0.60 0.10 0.035 . . . . . . 0.20H 0.20 0.15 0.06 0.008 0.008 0.008I . . .
DS Type AE,J 0.08 0.50 0.020 0.030 0.01 min . . . 0.20 0.20 0.15 0.06 0.008 0.008 0.008I . . .
DS Type B 0.02 to

0.08
0.50 0.020 0.030 0.02 min . . . 0.20 0.20 0.15 0.06 0.008 0.008 0.008I . . .

DDSF,G 0.06 0.50 0.020 0.025 0.01 min . . . 0.20 0.20 0.15 0.06 0.008 0.008 0.008I . . .
EDDSK 0.02 0.40 0.020 0.020 0.01 min . . . 0.10 0.10 0.15 0.03 0.008 0.10 0.15 . . .

A Where an ellipsis (. . .) appears in the table, there is no requirement, but the analysis result shall be reported.
B The sum of copper, nickel, chromium, and molybdenum shall not exceed 0.50 % on heat analysis. When one or more of these elements is specified by the purchaser,

the sum does not apply, in which case only the individual limits on the remaining elements shall apply.
C Chromium is permitted, at the producer’s option, to 0.25 % maximum when the carbon content is less than or equal to 0.05 %. In such case the limit on the sum of

the four elements in Footnote B does not apply.
D When an aluminum deoxidized steel is required for the application, it is permissible to order Commercial Steel (CS) to a minimum of 0.01 % total aluminum.
E Specify Type B to avoid carbon levels below 0.02 %.
F It is permissible to furnish as a vacuum degassed or chemically stabilized steel, or both, at the producer’s option.
G For carbon levels less than or equal to 0.02 %, it is permissible to use columbium or titanium, or both, as stabilizing elements at the producer’s option. In such cases,

the applicable limit for columbium shall be 0.10 % max. and the limit on titanium shall be 0.15 % max.
H When copper steel is specified, the copper limit is a minimum requirement. When copper steel is not specified, the copper limit is a maximum requirement.
I Except for EDDS, titanium is permitted, at producer’s option, to 0.025 % provided the ratio of % titanium to % nitrogen does not exceed 3.4.
J It is permissible to furnish DS Type A as a vacuum degassed steel, at the producers option.
K Shall be furnished as a vacuum degassed and stabilized steel.
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the amount of vanadium, columbium, or titanium is less than 0.008 %, report the analysis as <0.008 % or the actual determined
value.

7.3 Sheet steel grades defined by this specification are suitable for welding if appropriate welding conditions are selected. For
certain welding processes, if more restrictive composition limits are desirable, they shall be specified at the time of inquiry and
confirmed at the time of ordering.

8. Mechanical Properties

8.1 CS, DS, DDS, and EDDS:
8.1.1 Typical nonmandatory mechanical properties for CS, DS, DDS and EDDS are shown in Table 3.
8.1.2 The material shall be capable of being bent, at room temperature, in any direction through 180° flat on itself without

cracking on the outside of the bent portion (see Section 14 of Test Methods and Definitions A 370).
8.1.3 Sheet of these designations except for EDDS are subject to aging dependent upon processing factors such as the method

of annealing (continuous annealing or box annealing), and chemical composition. For additional information on aging, see
Appendix X1 of Specification A 568/A 568M.

8.1.4 EDDS steel is stabilized to be nonaging and so is not subject to stretcher strains and fluting. Other steels are processed
to be nonaging; please consult your supplier.

8.2 SS, HSLAS and HSLAS-F:
8.2.1 The available strength grades for SS, HSLAS and HSLAS-F are shown in Table 4.
8.2.2 Tension Tests:
8.2.2.1 Requirements— Material as represented by the test specimen shall conform to the mechanical property requirements

specified in Table 4. These requirements do not apply to the uncropped ends of unprocessed coils.
8.2.2.2 Number of Tests— Two tension tests shall be made from each heat or from each 50 tons [45 000 kg]. When the amount

of finished material from a heat is less than 50 tons [45 000 kg], one test shall be made. When material rolled from heat differs
0.050 in. [1.27 mm] or more in thickness, one tension test shall be made from the thickest and thinnest material regardless of the
weight represented.

TABLE 2 Chemical Composition A

For Cold Rolled Steel Sheet Designations SS, HSLAS, and HSLAS-F

% Heat Analysis, Element Maximum unless otherwise shown
Designation C Mn P S Al Si CuB,C NiB CrB MoB V Cb N

SS:
Grade 25 [170] 0.20 0.60 0.035 0.035 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 30 [205] 0.20 0.60 0.035 0.035 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 33 [230] Type 1 0.20 0.60 0.035 0.035 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 33 [230] Type 2 0.15 0.60 0.20 0.035 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 40 [275] Type 1 0.20 0.90 0.035 0.035 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 40 [275] Type 2 0.15 0.60 0.20 0.035 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 50 [340] 0.20 0.70 0.035 0.035 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 60 [410] 0.20 0.70 0.035 0.035 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 70 [480] 0.20 0.70 0.035 0.035 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 80 [550] 0.20 0.60 0.035 0.035 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .

HSLAS:D

Grade 45 [310] Class 1 0.22 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 45 [310] Class 2 0.15 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 50 [340] Class 1 0.23 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 50 [340] Class 2 0.15 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 55 [380] Class 1 0.25 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 55 [380] Class 2 0.15 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 60 [410] Class 1 0.26 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 60 [410] Class 2 0.15 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min E

Grade 65 [450] Class 1 0.26 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min E

Grade 65 [450] Class 2 0.15 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min E

Grade 70 [480] Class 1 0.26 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min E

Grade 70 [480] Class 2 0.15 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min E

HSLAS-F:F

Grade 50[340], 60[410],
70[480], and 80[550] 0.15 1.65 0.020 0.025 . . . . . . 0.20 0.20 0.15 0.06 . . . . . . E

A Where an ellipsis (. . .) appears in the table, there is no requirement but, the analysis shall be reported.
B The sum of copper, nickel, chromium, and molybdenum shall not exceed 0.50 %. When one or more of these elements are specified by the purchaser, the sum does

not apply, in which case, only the individual limits on the remaining unspecified elements will apply.
C When copper is specified, the copper limit is a minimum requirement. When copper steel is not specified, the copper limit is a maximum requirement.
D For HSLAS steels, it is permissible to add columbium and vanadium singly or in combination.
E The purchaser has the option of restricting the nitrogen content. It should be noted that, depending on the microalloying scheme (for example, use of Vanadium) of

the producer, nitrogen may be a deliberate addition. Consideration should be made for the use of nitrogen binding elements (for example, Vanadium, Titanium).
F These steels shall also contain one or more of the following elements: Vanadium, Titanium, and Columbium. Other alloying elements are permissible, but are not

required.
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8.2.2.3 Tension test specimens shall be taken at a point immediately adjacent to the material to be qualified.
8.2.2.4 Tension test specimens shall be taken from the full thickness of the sheet.
8.2.2.5 Tension test specimens shall be taken from a location approximately halfway between the center of the sheet and the

edge of the material as rolled.
8.2.2.6 Tension test samples shall be taken with the lengthwise axis of the test specimen parallel to the rolling direction

(longitudinal test).
8.2.2.7 Test Method— Yield strength shall be determined by either the 0.2 % offset method or the 0.5 % extension under load

method unless otherwise specified.
8.2.3 Bending Properties:

TABLE 3 Typical Ranges of Mechanical Properties A

(Nonmandatory) B

For Cold Rolled Steel Sheet Designations CS, DS, DDS and EDDS

Designation Yield StrengthC Elongation in 2 in. [50
mm] %C

rm ValueD n-ValueE

ksi MPa

CS Types A, B, and C 20 to 40 [140 to 275] $ 30 F F

DS Types A and B 22 to 35 [150 to 240] $ 36 1.3 to 1.7 0.17 to 0.22
DDS 17 to 29 [115 to 200] $ 38 1.4 to 1.8 0.20 to 0.25
EDDS 15 to 25 [105 to 170] $ 40 1.7 to 2.1 0.23 to 0.27

A These typical mechanical properties apply to the full range of steel sheet thicknesses. The yield strength tends to increase, the elongation decreases and some of the
formability values tend to decrease as the sheet thickness decreases.

B The typical mechanical property values presented here are nonmandatory. They are provided to assist the purchaser in specifying a suitable steel for a given
application. Values outside of these ranges are to be expected.

C Yield Strength and elongation are measured in the longitudinal direction in accordance with Test Methods A 370.
D Average plastic strain ratio (rm value) as determined by Test Method E 517.
E The strain hardening exponent (n-value) as determined by Test Method E 646.
F No typical properties have been established.

TABLE 4 Mechanical Property Requirements A

For Cold Rolled Steel Sheet Designations SS, HSLAS, and HSLAS-F

Designation Yield Strength, min Tensile Strength, min Elongation in 2 in. or
50 mm, min, %

ksi [MPa] ksi [MPa]

SS:
Grade 25 [170] 25 [170] 42 [290] 26
Grade 30 [205] 30 [205] 45 [310] 24
Grade 33 [230] Types 1

and 2
33 [230] 48 [330] 22

Grade 40 [275] Types 1
and 2

40 [275] 52 [360] 20

Grade 50 [340] 50 [340] 65 [410] 18
Grade 60 [410] 60 [410] 75 [480] 12
Grade 70 [480] 70 [480] 85 [540] 6
Grade 80 [550] 80B [550] 82 [565] C

HSLAS:
Grade 45 [310] Class 1 45 [310] 60 [410] 22
Grade 45 [310] Class 2 45 [310] 55 [380] 22
Grade 50 [340] Class 1 50 [340] 65 [450] 20
Grade 50 [340] Class 2 50 [340] 60 [410] 20
Grade 55 [380] Class 1 55 [380] 70 [480] 18
Grade 55 [380] Class 2 55 [380] 65 [450] 18
Grade 60 [410] Class 1 60 [410] 75 [520] 16
Grade 60 [410] Class 2 60 [410] 70 [480] 16
Grade 65 [450] Class 1 65 [450] 80 [550] 15
Grade 65 [450] Class 2 65 [450] 75 [520] 15
Grade 70 [480] Class 1 70 [480] 85 [585] 14
Grade 70 [480] Class 2 70 [480] 80 [550] 14

HSLAS-F:
Grade 50 [340] 50 [340] 60 [410] 22
Grade 60 [410] 60 [410] 70 [480] 18
Grade 70 [480] 70 [480] 80 [550] 16
Grade 80 [550] 80 [550] 90 [620] 14
A For coil products, testing by the producer is limited to the end of the coil. Mechanical properties throughout the coil shall comply with the minimum values specified.
B On this full-hard product, the yield strength approaches the tensile strength and since there is no halt in the gage or drop in the beam, the yield point shall be taken

as the yield stress at 0.5 % extension under load.
C There is no requirement for elongation in 2 in. for SS Grade 80.
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8.2.3.1 The suggested minimum inside radii for cold bending are listed in Appendix X1 and is discussed in more detail in
Specification A 568/A 568M (Section 6). Where a tighter bend radius is required, where curved or offset bends are involved, or
where stretching or drawing are also a consideration, the producer shall be consulted.

9. Finish and Appearance

9.1 Surface Finish:
9.1.1 Unless otherwise specified, the sheet shall have a matte finish. When required, specify the appropriate surface texture and

condition. For additional information, see the “Finish and Condition” section of Specification A 568/A 568M.
For additional information see “Finish and Condition” section of Specification A 568/A 568M.
9.2 Oiling:
9.2.1 Unless otherwise specified, the sheet shall be oiled.
9.2.2 When required, specify the sheet to be furnished not oiled (dry).

10. Retests and Resamples

10.1 Retests—If the results on an original tension test specimen are within 2 ksi [14 MPa] of the required tensile strength, within
1 ksi [7 MPa] of the required yield point, or within two percentage points of the required elongation, a retest shall be permitted
for which one test specimen selected at random shall be tested. If the results of this retest specimen satisfy the specified mechanical
properties and all other requirements of the applicable specification are satisfied, the material shall be accepted. Retests are
permitted in accordance with Specification A 568/A 568M.

10.2 Resamples—Resamples are permitted in accordance with Specification A 568/A 568M.

11. Certification

11.1 A report of heat analysis shall be supplied, if requested, for CS, DS, DDS, and EDDS steels. For material with required
mechanical properties, SS, HSLAS, and HSLAS-F, a report is required of heat analysis and mechanical properties as determined
by the tension test.

11.2 The report shall include the purchase order number, the ASTM designation number and year date, product designation,
grade, type or class, as applicable, the heat number, and as required, heat analysis and mechanical properties as indicated by the
tension test.

11.3 A signature is not required on the test report. However, the document shall clearly identify the organization submitting the
report. Notwithstanding the absence of a signature, the organization submitting the report is responsible for the content of the
report.

11.4 A Material Test Report, Certificate of Inspection, or similar document printed from or used in electronic form from an
electronic data interchange (EDI) transmission shall be regarded as having the same validity as a counterpart printed in the
certifier’s facility. The content of the EDI transmitted document must meet the requirements of the invoked ASTM standard(s) and
conform to any existing EDI agreement between the purchaser and the supplier. Notwithstanding the absence of a signature, the
organization submitting the EDI transmission is responsible for the content of the report.

12. Product Marking

12.1 In addition to the requirements of Specification A 568/A 568M, each lift or coil shall be marked with the designation
shown on the order (CS (Type A, B, or C), DS (Type A or B), DDS, EDDS, SS, HSLAS, or HSLAS-F). The designation shall be
legibly stenciled on the top of each lift or shown on a tag attached to each coil or shipping unit.

13. Keywords

13.1 carbon steel sheet; cold-rolled steel sheet; steel sheet; commercial steel; drawing steel; deep drawing steel; extra deep
drawing steel; high-strength low-alloy steel; high-strength low-alloy steel with improved formability; structural steel
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APPENDIXES

(Nonmandatory Information)

X1. BENDING PROPERTIES

X2. RELATED ISO STANDARDS

The ISO standards listed below may be reviewed for comparison with this ASTM standard. The relationship between the
standards may only be approximate; therefore, the respective standards should be consulted for actual requirements. Those who
use these documents must determine which specifications address their needs.

ISO 3574 Cold-Reduced Carbon Steel Sheet of Commercial and Drawing Qualities
ISO 4997 Cold-Reduced Steel Sheet of Structural Quality
ISO 13887 Cold-Reduced Steel Sheet of Higher Strength with Improved Formability

X3. HARDNESS PROPERTIES

TABLE X1.1 Suggested Minimum Inside Radius for Cold Bending

NOTE 1—(t) Equals a radius equivalent to the steel thickness.
NOTE 2—The suggested radius should be used as a minimum for 90°

bends in actual shop practice
NOTE 3—Material which does not perform satisfactorily, when fabri-

cated in accordance with the requirements, may be subject to rejection
pending negotiation with the steel supplier.

Designation Grade Minimum Inside Radius for
Cold Bending

Structural Steel 25 [170] 1⁄2 t
30 [205] 1 t
33 [230] 11⁄2 t
40 [275] 2 t
50 [340] 21⁄2 t
60 [410] 3 t
70 [480] 4 t
80 [550] not applicable

High-Strength Low-Alloy Steel Class 1 Class 2
45[310] 11⁄2 t 11⁄2 t
50[340] 2 t 11⁄2 t
55[380] 2 t 2 t
60[410] 21⁄2 t 2 t
65[450] 3 t 21⁄2 t
70[480] 31⁄2 t 3 t

High-Strength Low-Alloy Steel
with Improved Formability 50[340] 1 t

60[410] 11⁄2 t
70[480] 2 t
80[550] 2 t
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SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue, A 1008/A 1008M – 04, that
may impact the use of this standard. (Approved April 1, 2004.)

(1) The word “carbon” was added to 1.1.

Committee A01 has identified the location of selected changes to this standard since the last issue, A 1008/A 1008M – 03, that
may impact the use of this standard. (Approved Feb. 1, 2004.)

(1) Revised Sections 4.1.5 and 4.2.

(2) Revised Section 5.1.11.

(3) Deleted S1, Supplementary Requirements.

(4) Revised Table 2 and Table 4.

(5) Revised Appendix X1.

(6) Added Test Methods E 18 to Referenced Documents.

(7) Added Appendix X3.

Committee A01 has identified the location of selected changes to this standard since the last issue, A 1008/A 1008M – 02e1,
that may impact the use of this standard. (Approved April 10, 2003.)

(1) Revisions were made to Tables 1 and 2.

(2) Revisions were made to the following sections: 4.1.7.1, 7.2, 7.3, 8.1.3, 8.1.4, 8.2.3.1, 9.1.1, and 9.2.2.

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.

TABLE X3.1 Typical Hardness Values

NOTE 1—The hardness values shown are at the time of shipment.
NOTE 2—Test for hardness shall be conducted in accordance with the

requirements of Test Methods E 18.
NOTE 3—The hardness values are Rockwell B scale as measured or

converted from the appropriate Rockwell scales.
NOTE 4—The typical hardness values apply to the full range of steel

sheet thickness. Hardness tends to increase as the steel sheet thickness
decreases.

NOTE 5—Hardness testing is commonly used to assess the relative
formability of various designations of uncoated steel sheet. This assess-
ment done by many users is recognized to be only an approximation of the
relative formability and therefore cannot be used as a specification
requirement.

Designation Hardness-
Rockwell B Scale

CS Type A 70 or less
CS Type B 70 or less
CS Type C 70 or less
DS Type A 60 or less
DS Type B 60 or less

DDS 55 or less
EDDS 45 or less
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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
(www.astm.org).
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Designation: A 1010/A 1010M – 01 e1

Standard Specification for
Higher-Strength Martensitic Stainless Steel Plate, Sheet, and
Strip 1

This standard is issued under the fixed designation A 1010/A 1010M; 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 in August 2001.

1. Scope

1.1 This specification covers martensitic stainless steels for
various structural, architectural, pressure vessel, and heat-
resisting applications. The mechanical properties of these
steels are customarily, but not necessarily, developed by a
suitable heat treatment generally referred to as tempering.

1.2 Steel products under this specification are available in
two grades:

Grade Yield Strength, min, ksi [MPa]
40 [275] 40 [275]
50 [350] 50 [350]

1.3 The maximum thickness of plates is limited only by the
capacity of the composition to meet the specified mechanical
property requirements; however, current practice normally
limits the maximum thickness of plates furnished under this
specification to 1 in. [25 mm].

1.4 The values stated in inch-pound or SI units are to be
regarded separately as the standard. Within the text, SI units are
shown in brackets. The values stated in each system are not
exact equivalents; therefore, each system must be used inde-
pendently of the other. Combining values from the two systems
may result in nonconformance with the specification. The
inch-pound units shall apply unless the “M” designation of this
specification is specified in the purchase order.

2. Referenced Documents

2.1 ASTM Standards:
A 480/A 480M Specification for General Requirements for

Flat-Rolled Stainless and Heat-Resisting Steel Plate,
Sheet, and Strip2

A 673/A 673M Specification for Sampling Procedure for

Impact Testing of Structural Steel3

E 527 Practice for Numbering Metals and Alloys (UNS)4

2.2 Other Document:
SAE J1086 Recommended Practice for Numbering Metals

and Alloys5

3. General Requirements

3.1 The following requirements for orders for material
furnished under this specification shall conform to the appli-
cable requirements of the current edition of Specification
A 480/A 480M.

3.1.1 Terminology,
3.1.2 Ordering Information,
3.1.3 Process,
3.1.4 Heat Analysis,
3.1.5 Product Analysis,
3.1.6 Finish for Sheet,
3.1.7 Finish for Strip,
3.1.8 Finish for Plates,
3.1.9 Test Specimens,
3.1.10 Number of Tests,
3.1.11 Test Methods,
3.1.12 Retests and Retreatment,
3.1.13 Dimensions and Permissible Variations,
3.1.14 Workmanship,
3.1.15 Packaging, Marking, and Loading,
3.1.16 Inspection,
3.1.17 Rejection and Rehearing, and
3.1.18 Material Test Report and Certification.

4. Chemical Composition

4.1 The steel shall conform to the requirements as to
chemical composition specified in Table 1, and shall conform

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat-Rolled and Wrought Stainless Steel.

Current edition approved Mach 10, 2001. Published April 2001. Originally
published as A 1010-00. Last previous edition A 1010-00.

2 Annual Book of ASTM Standards, Vol 01.03.

3 Annual Book of ASTM Standards, Vol 01.04.
4 Annual Book of ASTM Standards, Vol 01.01.
5 Available from Society of Automotive Engineers, 400 Commonwealth Drive,

Warrendale, PA 15096.

1
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to applicable requirements specified in the current edition of
Specification A 480/A 480M.

5. Heat Treatment

5.1 The material shall be heat-treated by tempering to meet
the requirements of this specification. The tempering tempera-

ture shall not exceed 1400°F [760°C]. Prior to tempering, the
steel shall be in the as-rolled, normalized or quenched condi-
tion.

6. Mechanical Properties

6.1 The material shall conform to the mechanical properties
specified in Table 2.

7. Keywords

7.1 architectural steel; martensitic; plate; stainless steel;
steel; structural steel; tempered

SUPPLEMENTARY REQUIREMENTS

Supplementary requirements shall not apply unless specified on the purchase order. Requirements
other than those shown in this section may be specified subject to agreement between the supplier and
the purchaser. The following supplementary requirements are suitable for use with this specification.

S1. Charpy V-Notch Impact Test
S1.1 Charpy V-notch impact tests shall be conducted in

accordance with Specification A 673/A 673M.
S1.2 The frequency of testing, the test temperature to be

used, and the absorbed energy requirements shall be as
specified on the order.

S2. Ultrasonic Examination
S2.1 The material shall be ultrasonically examined in ac-

cordance with the requirements specified on the order.

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 Chemical Composition Requirements, % A

UNS
DesignationB

Type Carbon Manganese Phosphorus Sulfur Silicon Chromium Nickel Molybdenum Nitrogen Other
Elements

S41003 . . . 0.030 1.50 0.040 0.030 1.00 10.5-12.5 1.50 . . . 0.030 . . .
A Maximum, unless range or minimum is indicated.
B Designation established in accordance with Practice E 527 and SAE J 1086.

TABLE 2 Mechanical Test Requirements

Grade Yield
Strength,
min, ksi
[MPa]

Tensile
Strength,
min, ksi

Elongation in
2 in. [50 mm],

min, %

Brinell
Hardness,

max

Cold Blend

40 40 [275] 66 [455] 18 223 not required
50 50 [350] 70 [485] 18 223 not required
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2



Designation: A 1011/A 1011M – 04

Standard Specification for
Steel, Sheet and Strip, Hot-Rolled, Carbon, Structural, High-
Strength Low-Alloy and High-Strength Low-Alloy with
Improved Formability 1

This standard is issued under the fixed designation A 1011/A 1011M; 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 hot-rolled, carbon, structural,
high-strength low-alloy, and high-strength low-alloy with im-
proved formability steel sheet and strip, in coils and cut
lengths.

1.2 Hot rolled steel sheet and strip is available in the
designations as listed in 4.1.

1.3 This specification is not applicable to the steel covered
by Specification A 635/A 635M.

1.4 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 must
be used independently of the other.

2. Referenced Documents

2.1 ASTM Standards:2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A 568/A 568M Specification for Steel, Sheet, Carbon, and
High-Strength, Low-Alloy, Hot-Rolled and Cold-Rolled,
General Requirements for

A 569/A 569M Specification for Steel, Carbon (0.15 Maxi-
mum, Percent), Hot-Rolled Sheet and Strip Commercial3

A 622/A 622M Specification for Drawing Steel (DS), Sheet
and Strip, Carbon, Hot-Rolled3

A 635/A 635M Specification for Steel, Sheet and Strip,
Heavy-Thickness Coils, Carbon, Commercial Steel, Draw-
ing Steel, Structural, High-Strength Low-Alloy and High-

Strength Low-Alloy with Improved Formability, Hot-
Rolled, General Requirements for

A 749/A 749M Specification for Steel, Strip, Carbon and
High-Strength, Low-Alloy, Hot-Rolled, General Require-
ments for

A 941 Terminology Relating to Steel, Stainless Steel, Re-
lated Alloys, and Ferroalloys

E 18 Standard Test Methods for Rockwell Hardness and
Rockwell Superficial Hardness of Metallic Materials

3. Terminology

3.1 Definitions—For definitions of other terms used in this
specification refer to Terminology A 941.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 aging—loss of ductility with an increase in hardness,

yield strength, and tensile strength that occurs when steel,
which has been slightly cold worked (such as by temper
rolling) is stored for some time.

3.2.1.1 Discussion—Aging also increases the tendency to-
ward stretcher strains and fluting.

3.2.2 stabilization—the addition of one or more nitride or
carbide forming elements, or both, such as titanium and
columbium, to control the level of the interstitial elements
carbon and nitrogen in the steel.

3.2.2.1 Discussion—Stabilization improves formability and
increases resistance to aging.

3.2.3 vacuum degassing—a process of refining liquid steel
in which the liquid is exposed to a vacuum as part of a special
technique for removing impurities or for decarburizing the
steel.

4. Classification

4.1 Hot-rolled steel sheet and steel strip is available in the
following designations:

4.1.1 Commercial Steel (CS Types A, B, C, and D),
4.1.2 Drawing Steel (DS Types A and B),

NOTE 1—CS Type B and DS Type B describe the most common
product previously included, respectively, in Specifications A 569/
A 569M and A 622/A 622M.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved April 1, 2004. Published April 2004. Originally
approved in 2000. Last previous edition approved in 2003 as A 1011/A 1011M -
03a.

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.
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4.1.3 Structural Steel (SS grades 30[205], 33[230], 36[250]
Types 1 and 2, 40[275], 45[310], 50[340], 55[380], 60[410],
70[480], and 80[550]),

4.1.4 High-Strength Low-Alloy Steel (HSLAS, classes 1
and 2, in grades 45[310], 50[340], 55[380], 60[410], 65[450],
and 70[480].

4.1.5 High-Strength Low-Alloy Steel with Improved Form-
ability (HSLAS-F grades 50[340], 60[410], 70[480], and
80[550]).

4.1.5.1 HSLAS-F steel has improved formability when
compared to HSLAS. The steel is fully deoxidized, made to a
fine grain practice, and includes microalloying elements such
as columbium, vanadium, and zirconium. The steel shall be
treated to achieve inclusion control.

4.1.6 When required for HSLAS and HSLAS-F steels,
limitations on the use of one or more of the microalloy
elements shall be specified on the order.

5. Ordering Information

5.1 It is the purchaser’s responsibility to specify in the
purchase order all ordering information necessary to describe
the required material. Examples of such information include,
but are not limited to, the following:

5.1.1 ASTM specification number and year of issue,
5.1.2 Name of material and designation (hot-rolled steel

sheet) (include grade, type and class, as appropriate, for CS,
DS, SS, HSLAS and HSLAS-F) (see 4.1),

5.1.2.1 When a type is not specified for CS or DS, Type B
will be furnished (see 4.1),

5.1.2.2 When a class is not specified for HSLAS, Class 1
will be furnished (see 4.1),

5.1.2.3 When a type is not specified for SS Grade 36, Type
1 will be furnished (see 4.1),

5.1.3 Finish (see 9.1)
5.1.4 Type of edge (see 9.3),
5.1.5 Oiled or not oiled, as required (see 9.2),
5.1.6 Dimensions (thickness, thickness tolerance table (see

5.1.6.1), width, and whether cut lengths or coils),

5.1.6.1 As agreed upon between the purchaser and the
producer, material ordered to this specification will be supplied
to meet the appropriate thickness tolerance table shown in
Specifications A 568/A 568M for sheet and A 749/A 749M for
strip.

NOTE 2—Not all producers are capable of meeting all the limitations of
the thickness tolerance tables in Specifications A 568/A 568M and A 749/
A 749M. The purchaser should contact the producer prior to placing an
order.

5.1.7 Coil size (inside diameter, outside diameter, and maxi-
mum weight),

5.1.8 Copper bearing steel (if required),
5.1.9 Quantity,
5.1.10 Application (part identification and description),
5.1.11 Special requirements (if required), and
5.1.12 A report of heat analysis will be supplied, if re-

quested, for CS and DS. For materials with required mechani-
cal properties, SS, HSLAS, and HSLAS-F, a report is required
of heat analysis and mechanical properties as determined by
the tension test.

NOTE 3—A typical ordering description is as follows: ASTM A
1011-XX, hot rolled steel sheet, CS Type A, pickled and oiled, cut edge,
0.075 by 36 by 96 in., thickness tolerance Table 4 of Specification
A 568/A 568M, 100 000 lb, for part no. 6310, for shelf bracket.
or:
ASTM A 1011M-XX, hot rolled steel sheet, CS Type B, pickled and oiled,
cut edge, 3.7 by 117 mm by coil, ID 600 mm, OD 1500 mm, max weight
10 000 kg, thickness tolerance Table A1.1 of Specification A 568/A 568M,
50 000 kg, for upper control arm.

6. General Requirements for Delivery

6.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification A 568/A 568M for sheets and Specification
A 749/A 749M for strip, unless otherwise provided for herein.

7. Chemical Composition

7.1 The heat analysis of the steel shall conform to the
chemical composition requirements of the appropriate desig-
nation shown in Table 1 for CS and DS and Table 2 for SS,
HSLAS, and HSLAS-F.

TABLE 1 Chemical Composition A

For Hot Rolled Steel Sheet and Strip Designations CS and DS

Composition, % Heat Analysis
Element maximum unless otherwise shown

C Mn P S Al Si Cu Ni CrB Mo V Cb TiC N

CS Type AD,E,F,G 0.10 0.60 0.030 0.035 . . . . . . 0.20H 0.20 0.15 0.06 0.008 0.008 0.025 . . .
CS Type BF 0.02 to 0.15 0.60 0.030 0.035 . . . . . . 0.20H 0.20 0.15 0.06 0.008 0.008 0.025 . . .
CS Type CD,E,F,G 0.08 0.60 0.10 0.035 . . . . . . 0.20H 0.20 0.15 0.06 0.008 0.008 0.025 . . .
CS Type DF 0.10 0.70 0.030 0.035 . . . . . . 0.20H 0.20 0.15 0.06 0.008 0.008 0.008 . . .
DS Type AD,E,G 0.08 0.50 0.020 0.030 0.01 min . . . 0.20 0.20 0.15 0.06 0.008 0.008 0.025 . . .
DS Type B 0.02 to 0.08 0.50 0.020 0.030 0.01 min . . . 0.20 0.20 0.15 0.06 0.008 0.008 0.025 . . .

A Where an ellipsis (. . .) appears in the table, there is no specified limit, but the analysis shall be reported.
B Chromium is permitted, at the producer’s option, to 0.25 % maximum when the carbon content is less than or equal to 0.05 %.
C Titanium is permitted, at producer’s option, to 0.025 % provided the ratio of % titanium to % nitrogen does not exceed 3.4.
D Specify Type B to avoid carbon levels below 0.02 %.
E For carbon levels less than or equal to 0.02 %, it is permissible to use vanadium, columbium, or titanium, or combinations thereof, as stabilizing elements at the

producer’s option. In such case, the limits for these elements are 0.10 % for vanadium or columbium and 0.15 % for titanium.
F When an aluminum deoxidized steel is required, it is permissible to order a minimum of 0.01 % total aluminum.
G It is permissible to furnish as a vacuum degassed or chemically stabilized steel, or both, at producer’s option.
H When copper steel is specified, the copper limit is a minimum requirement. When copper steel is not specified, the copper limit is a maximum requirement.
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7.2 Each of the elements listed in Tables 1 and 2 shall be
included in the report of the heat analysis. When the amount of
copper, nickel, chromium, or molybdenum is less than 0.02 %,
report the analysis as <0.02 % or the actual determined value.
When the amount of vanadium, columbium, or titanium is less
than 0.008 %, report the analysis as <0.008 % or the actual
determined value.

7.3 Sheet steel grades defined by this specification are
suitable for welding if appropriate welding conditions are
selected. For certain welding processes, if more restrictive
composition limits are desirable, they shall be specified at the
time of inquiry and confirmed at the time of ordering.

8. Mechanical Properties

8.1 CS and DS:
8.1.1 Typical, nonmandatory mechanical properties for CS

and DS are found in Table 3.
8.1.2 The material shall be capable of being bent at room

temperature in any direction through 180° flat on itself without
cracking on the outside of the bent portion (see the section on
bend test in Test Methods and Definitions A 370).

8.2 SS, HSLAS, and HSLAS-F:
8.2.1 The available grades and corresponding mechanical

properties for SS, HSLAS, and HSLAS-F are shown in Table
4.

8.2.2 Tension Tests:

TABLE 2 Chemical Composition A

For Hot Rolled Steel Sheet and Strip Designations SS, HSLAS, and HSLAS-F

% Heat Analysis, Element Maximum unless otherwise shown
Designation C Mn P S Al Si CuB,C NiB CrB,D MoB,D V Cb N

SS:
Grade 30 [205] 0.25 0.90 0.035 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 33 [230] 0.25 0.90 0.035 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 36[250] Type 1 0.25 0.90 0.035 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 36[250] Type 2E 0.25 1.35 0.035 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 40 [275] 0.25 0.90 0.035 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 45 [310]E 0.25 1.35 0.035 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 50 [340]E 0.25 1.35 0.035 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 55 [380]E 0.25 1.35 0.035 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 60 [410] 0.25 1.35 0.035 0.04 . . . . . . 0.20F 0.20 0.15 0.06 0.008 0.008 . . .
Grade 70 [480] 0.25 1.35 0.035 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .
Grade 80 [550] 0.25 1.35 0.035 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.008 0.008 . . .

HSLAS:G

Grade 45[310] Class 1E 0.22 1.35 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 45[310] Class 2 0.15 1.35 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 50[340] Class 1E 0.23 1.35 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 50[340] Class 2 0.15 1.35 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 55[380] Class 1E 0.25 1.35 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 55[380] Class 2 0.15 1.35 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 60[410] Class 1 0.26 1.50 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min . . .
Grade 60[410] Class 2 0.15 1.50 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min F

Grade 65[450] Class 1 0.26 1.50 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min F

Grade 65[450] Class 2 0.15 1.50 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min F

Grade 70[480] Class 1 0.26 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min F

Grade 70[480] Class 2 0.15 1.65 0.04 0.04 . . . . . . 0.20 0.20 0.15 0.06 0.01 min 0.005 min F

HSLAS-F:H,I

Grade 50[340], 60[410], 70[480],
and 80[550]

0.15 1.65 0.020 0.025 . . . . . . 0.20 0.20 0.15 0.06 . . . . . . F

A Where an ellipsis (. . .) appears in the table, there is no requirement but the analysis shall be reported.
B The sum of copper, nickel, chromium, and molybdenum shall not exceed 0.50 % on heat analysis. When one or more of these elements are specified by the purchaser,

the sum does not apply, in which case, only the individual limits on the remaining unspecified elements shall apply.
C When copper is specified, the copper limit is a minimum requirement. When copper steel is not specified, the copper limit is a maximum requirement.
D For SS steels, the sum of chromium and molybdenum shall not exceed 0.16 % on heat analysis. When one or more of these elements are specified by the purchaser

the sum does not apply, in which case, the individual limit on the remaining unspecified element shall apply.
E For each reduction of 0.01 % below the specified carbon maximum, an increase of 0.06 % manganese above the specified maximum will be permitted up to a maximum

of 1.50 % .
F The purchaser has the option of restricting the nitrogen content. It should be noted that, depending on the microalloying scheme (for example, use of Vanadium) of

the producer, nitrogen may be a deliberate addition. Consideration should be made for the use of nitrogen binding elements (for example, Vanadium, Titanium).
G For HSLAS steels, it is permissible to add columbium and vanadium singly or in combination.
H These steels shall also contain one or more of the following elements: vanadium, titanium, and columbium. Other alloying elements are permissible, but are not

required.
I These steels may be treated for inclusion control.

TABLE 3 Typical Ranges of Mechanical Properties A

(Nonmandatory) B

For Hot-Rolled Steel Sheet and Strip Designations CS and DS

Designation Yield StrengthC Elongation in 2 in. [50
mm]%C

ksi MPa
CS Types A, B, C, and D 30 to 50 [205 to 340] $25
DS Types A and B 30 to 45 [205 to 310] $28

A The yield strength tends to increase and the elongation tends to decrease as
the sheet thickness decreases. These properties represent those typical of
material in the thickness range of 0.100 to 0.150 in. [2.5 to 3.5 mm] for CS Types
A, B, and DS Types A and B and in the thickness ranges of 0.060 to 0.075 in. [1.5
to 1.9 mm] for CS Type D.

B The typical mechanical property values presented here are nonmandatory.
They are provided to assist the purchaser in specifying a suitable steel for a given
application. Values outside these ranges are to be expected.

C Yield strength and elongation are measured in the longitudinal direction in
accordance with Test Methods A 370.
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8.2.2.1 Requirements—Material as represented by the test
specimen shall conform to the mechanical property require-
ments specified in Table 4. These requirements do not apply to
the uncropped ends of unprocessed coils.

8.2.2.2 Number of Tests—Two tension tests shall be made
from each heat or from each 50 tons [45 000 kg]. When the
amount of finished material from a heat is less than 50 tons
[45 000 kg], one tension test shall be made. When material
rolled from one heat differs 0.050 in. [1.27 mm] or more in
thickness, one tension test shall be made from the thickest and
thinnest material regardless of the weight represented.

8.2.2.3 Tension test specimens shall be taken at a point
immediately adjacent to the material to be qualified.

8.2.2.4 Tension test specimens shall be taken from the full
thickness of the sheet as-rolled.

8.2.2.5 Tension test specimens shall be taken from a loca-
tion approximately halfway between the center of sheet and the
edge of the material as-rolled.

8.2.2.6 Tension test specimens shall be taken with the
lengthwise axis of the test specimen parallel to the rolling
direction (longitudinal test)

8.2.2.7 Test Method—Yield strength shall be determined by
either the 0.2 % offset method or the 0.5 % extension under
load method unless otherwise specified.

8.2.3 Bending Properties:
8.2.3.1 The suggested minimum inside radii for cold bend-

ing are listed in Appendix X1 and is discussed in more detail
in Specifications A 568/A 568M (6.6) and A 749/A 749M
(7.6). Where a tighter bend radius is required, where curved or
offset bends are involved, or where stretching or drawing are
also a consideration, the producer shall be consulted.

9. Finish and Appearance

9.1 Surface Finish:
9.1.1 Unless otherwise specified, the material shall be fur-

nished as rolled, that is, without removing the hot-rolled oxide
or scale.

9.1.2 When required, it is permissible to specify that the
material be pickled or blast cleaned (descaled).

9.2 Oiling:
9.2.1 Unless otherwise specified, as-rolled material shall be

furnished not oiled (that is, dry), and pickled or blast cleaned
material shall be furnished oiled.

9.3 Edges:
9.3.1 Steel sheet is available with mill edge or cut edge.
9.3.2 Steel strip is available with mill edge or cut edge.

TABLE 4 Mechanical Property Requirements A

For Hot Rolled Steel Sheet and Strip Designations SS, HSLAS, and HSLAS-F

Designation Yield Strength Tensile StrengthB Elongation in 2 in. [50 mm] min, % for Thicknesses:
Elongation in 8 in.
[200 mm], % for

Thickness:

ksi [MPa] min ksi [MPa] min
Under 0.230

[6.0 mm] to 0.097
[2.5 mm]

Under 0.097 [2.5
mm] to 0.064 [1.6

mm]

Under 0.064 [1.6
mm] to 0.025 [0.65

mm]

Under 0.230 [6.0
mm]

SS:
Grade 30 [205] 30 [205] 49 [340] 25 24 21 19
Grade 33 [230] 33 [230] 52 [360] 23 22 18 18
Grade 36 [250] Type 1 36 [250] 53 [365] 22 21 17 17
Grade 36 [250] Type 2 36 [250] 58-80 [400-550] 21 20 16 16
Grade 40 [275] 40 [275] 55 [380] 21 20 15 16
Grade 45 [310] 45 [310] 60 [410] 19 18 13 14
Grade 50 [340] 50 [340] 65 [450] 17 16 11 12
Grade 55 [380] 55 [380] 70 [480] 15 14 9 10
Grade 60 [410] 60 [410] 75 [480] 14 13 8 9
Grade 70 [480] 70 [480] 85 [550] 13 12 7 8
Grade 80 [550] 80 [550] 95 [620] 12 11 6 7

HSLAS: Over 0.097 in.[2.5 mm] Up to 0.097 [2.5 mm] . . .
Grade 45 [310] Class 1 45 [310] 60 [410] 25 23 . . .
Grade 45 [310] Class 2 45 [310] 55 [380] 25 23 . . .
Grade 50 [340] Class 1 50 [340] 65 [450] 22 20 . . .
Grade 50 [340] Class 2 50 [340] 60 [410] 22 20 . . .
Grade 55 [380] Class 1 55 [380] 70 [480] 20 18 . . .
Grade 55 [380] Class 2 55 [380] 65 [450] 20 18 . . .
Grade 60 [410] Class 1 60 [410] 75 [520] 18 16 . . .
Grade 60 [410] Class 2 60 [410] 70 [480] 18 16 . . .
Grade 65 [450] Class 1 65 [450] 80 [550] 16 14 . . .
Grade 65 [450] Class 2 65 [450] 75 [520] 16 14 . . .
Grade 70 [480] Class 1 70 [480] 85 [585] 14 12 . . .
Grade 70 [480] Class 2 70 [480] 80 [550] 14 12 . . .

HSLAS-F:
Grade 50 [340] 50 [340] 60 [410] 24 22 . . .
Grade 60 [410] 60 [410] 70 [480] 22 20 . . .
Grade 70 [480] 70 [480] 80 [550] 20 18 . . .
Grade 80 [550] 80 [550] 90 [620] 18 16 . . .

A For coil products, testing by the producer is limited to the end of the coil. Mechanical properties throughout the coil shall comply with the minimum values specified.
B A minimum and maximum tensile strength has been specified for SS36 Type 2.
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10. Retests and Resamples

10.1 Retests—If the results on an original tension test
specimen are within 2 ksi [14 MPa] of the required tensile
strength, within 1 ksi [7 MPa] of the required yield strength, or
within 2 percentage points of the required elongation, a retest
shall be permitted for which one test specimen selected at
random shall be tested. If the results on this retest specimen
satisfy the specified mechanical properties and all other re-
quirements of the applicable specification are satisfied, the
material shall be accepted. Retests are permitted in accordance
with Specification A 568/A 568M.

10.2 Resamples—Resamples are permitted in accordance
with Specification A 568/A 568M.

11. Certification

11.1 A report of heat analysis shall be supplied, if requested,
for CS and DS steels. For material with required mechanical
properties, SS, HSLAS, and HSLAS-F, a report is required of
heat analysis and mechanical properties as determined by the
tension test.

11.2 The report shall include the purchase order number; the
ASTM designation number and year date; product designation;
grade; type or class, as applicable; the heat number; and as
required, heat analysis and mechanical properties as indicated
by the tension test.

11.3 A signature is not required on the test report. However,
the document shall clearly identify the organization submitting

the report. Notwithstanding the absence of a signature, the
organization submitting the report is responsible for the content
of the report.

11.4 A Material Test Report, Certificate of Inspection, or
similar document printed from or used in electronic form from
an electronic data interchange (EDI) transmission shall be
regarded as having the same validity as a counterpart printed in
the certifier’s facility. The content of the EDI transmitted
document must meet the requirements of the invoked ASTM
standard and the purchaser and the supplier. Notwithstanding
the absence of a signature, the organization submitting the EDI
transmission is responsible for the content of the report.

12. Product Marking

12.1 In addition to the requirements of Specification A 568/
A 568M for sheet and Specification A 749/A 749M for strip,
each lift or coil shall be marked with the designation shown on
the order {CS (Type A, B, or C), DS (Type A or B), SS (Grade
and for SS36, Type), HSLAS (Grade and Class), or HSLAS-F
(Grade)}. The designation shall be legibly stenciled on the top
of each lift or shown on a tag attached to each coil or shipping
unit.

13. Keywords

13.1 carbon steel sheet; carbon steel strip; commercial steel;
drawing steel; high strength-low alloy steel; high strength-low
alloy steel with improved formability; hot-rolled steel sheet;
hot-rolled steel strip; steel sheet; steel strip; structural steel
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APPENDIXES

(Nonmandatory Information)

X1. BENDING PROPERTIES

X2. RELATED ISO STANDARDS

The ISO standards listed below may be reviewed for
comparison with this ASTM standard. The relationship be-
tween the standards may only be approximate; therefore, the
respective standards should be consulted for actual require-
ments. Those who use these documents must determine which
specifications address their needs.

ISO 3573 Hot-rolled Carbon Steel Sheet of Commercial
and Drawing Qualities

ISO 4995 Hot-rolled Steel Sheet of Structural Quality

ISO 4996 Hot-rolled Steel Sheet of High Yield Stress
Structural Quality

ISO 5951 Hot-rolled Steel Sheet of Higher Yield Strength
with Improved Formability

ISO 6316 Hot-rolled Carbon Steel Strip of Structural
Quality

ISO 6317 Hot-rolled Carbon Steel Strip of Commercial
and Drawing Qualities

TABLE X1.1 Suggested Minimum Inside Radius for Cold Bending

NOTE 1—(t) Equals a radius equivalent to the steel thickness.
NOTE 2—The suggested radius should be used as a minimum for 90° bends in actual shop practice.
NOTE 3—Material which does not perform satisfactorily, when fabricated in accordance with the above requirements, may be subject to rejection

pending negotiation with the steel supplier.

Product Grade Minimum Inside Radius for Cold Bending

Structural Steel 30[205] 1 t
33[230] 1 t
36[250] Type 1 11⁄2 t
36[250] Type 2 2 t
40[275] 2 t
45[310] 2 t
50[340] 21⁄2 t
55[380] 3 t
60[410] 31⁄2 t
70[480] 4 t
80[550] 4 t

High-Strength Low-Alloy Steel Class 1 Class 2

45[310] 11⁄2 t 11⁄2 t
50[340] 2 t 11⁄2 t
55[380] 2 t 2 t
60[410] 21⁄2 t 2 t
65[450] 3 t 21⁄2 t
70[480] 31⁄2 t 3 t

High-Strength Low-Alloy Steel
with Improved Formability

50[340] 1 t
60[410] 11⁄2 t
70[480] 2 t
80[550] 2 t
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X3. HARDNESS PROPERTIES

X3.1 Table X3.1 lists the typical hardness values.

SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this standard since the last issue, A 1011/A 1011M – 03a,
that may impact the use of this standard. (Approved April 1, 2004.)

(1) Added the word “carbon” to 1.1.
(2) Added new Footnote E to Table 2.
(3) Footnote E applied to SS Grade 36 Type 2, SS Grade 45,

SS Grade 55, HSLAS Grade 45 Class 1, HSLAS Grade 50
Class 1, and HSLAS Grade 55 Class 1.

Committee A01 has identified the location of selected changes to this standard since the last issue, A 1011/A 1011M – 03, that
may impact the use of this standard. (Approved Oct. 1, 2003.)

(1) Added Section 4.1.6.
(2) Deleted Supplementary Requirement S1.
(3) Revised Section 5.1.11.
(4) Added reference to CS Type D to Section 4.1.1.
(5) Added new designations to Section 4.1.3.
(6) Added chemical requirements for CS Type D to Table 1.
(7) Added chemical requirements for Grades 60, 70, and 80,

and new footnote to Table 2.

(8) Revised Footnote A of Table 2 to refer to CS Type D.

(9) Added reference to CS Type D to Table 4.

(10) Added bending information for Grades 60, 70, and 80 to
Table X1.1.

(11) Added Appendix X3.

TABLE X3.1 Typical Hardness Values

NOTE 1—The hardness values shown are at the time of shipment.
NOTE 2—Tests for hardness shall be conducted in accordance with the

requirements of Test Method E 18.
NOTE 3—The hardness values are Rockwell B scale as measured or

converted from the appropriate Rockwell scales.
NOTE 4—The typical hardness values apply to the full range of steel

sheet thickness. Hardness tends to increase as the steel sheet thickness
decreases.

NOTE 5—Hardness testing is commonly used to assess the relative
formability of various designations of uncoated steel sheet. This assess-
ment done by many users is recognized to be only an approximation of the
relative formability and therefore cannot be used as a specification
requirement.

Designation Hardness-Rockwell B Scale

CS Type A 75 or less
CS Type B 75 or less
CS Type C 75 or less

DS 65 or less
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Committee A01 has identified the location of selected changes to this standard since the last issue, A 1011/A 1011M – 02, that
may impact the use of this standard. (Approved April 10, 2003.)

(1) Revisions were made to Tables 1 and 2.
(2) Revisions were made to the following sections: 4.1.5.1,

7.2, 7.3, and 9.1.2.

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).
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Designation: A 1018/A 1018M – 04

Standard Specification for
Steel, Sheet and Strip, Heavy-Thickness Coils, Hot-Rolled,
Carbon, Commercial, Drawing, Structural, High-Strength
Low-Alloy, and High-Strength Low-Alloy with Improved
Formability 1

This standard is issued under the fixed designation A 1018/A 1018M; 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 hot-rolled, heavy-thickness
coils beyond the size limits of Specification A 1011/A 1011M.

1.2 The product is available in five designations: Commer-
cial Steel, Drawing Steel, Structural Steel, High-Strength
Low-Alloy Steel, and High-Strength Low-Alloy Steel with
Improved Formability.

1.3 This material is available only in coils described as
follows:
Product Size Limits, Coils Only

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

Strip Over 8 to 12, incl
[Over 200 to 300]

0.230 to 1.000, incl
[Over 6.0 to 25]

Sheet Over 12 to 48, incl
[Over 300 to 1200]

0.230 to 1.000, incl
[Over 6.0 to 25]

Sheet Over 48
[Over 1200]

0.180 to 1.000, incl
[Over 4.5 to 25]

1.4 Sheet and strip in coils of sizes noted in 1.3 are covered
by this specification only with the following provisions:

1.4.1 The material is to be fed directly from coils into a
blanking press, drawing or forming operation, tube mill, rolling
mill, or sheared or slit into blanks for subsequent drawing or
forming.

1.4.2 The material is not to be converted into steel plates for
structural or pressure vessel use unless tested in complete
accordance with the appropriate sections of Specifications
A 6/A 6M (plates provided from coils) or A 20/A 20M (plates
produced from coils). Plate produced in this manner is no
longer governed by this sheet steel specification and since this
material is now plate, the appropriate plate standard shall
apply.

1.4.3 The dimensional tolerances of Specification A 635/
A 635M are applicable to material produced to this specifica-
tion.

1.4.4 Not all strength levels are available in all thicknesses.
The user should consult the producer for appropriate size
limitations.

1.5 The values stated in either inch-pound units or SI units
[metric] 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
must be used independently of the other.

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 635/A 635M Specification for Steel, Sheet and Strip,
Heavy-Thickness Coils, Hot-Rolled, Carbon, Structural,
High-Strength Low-Alloy, and High-Strength Low-Alloy
with Improved Formability, General Requirements for

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products

A 1011/A 1011M Specification for Steel, Sheet and Strip,
Hot-Rolled, Carbon, Structural, High-Strength Low-Alloy
and High-Strength Low-Alloy with Improved Formability
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Resistance of Low-Alloy Steels

3. General Requirements for Delivery

3.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification A 635/A 635M, unless otherwise provided
herein.

4. Classification

4.1 Heavy thickness coils are available in the following
designations:

4.1.1 Commercial Steel (CS)
4.1.2 Drawing Steel (DS)
4.1.3 Structural Steel—(SS grades 30[205], 33[230],

36[250] Types 1 and 2, and 40[275]).
4.1.4 High-Strength Low-Alloy Steel—(HSLAS grades

45[310], 50[340], 55[380], 60[410], 65[450], 70[480]) in
Classes 1 and 2.

4.1.4.1 This material is intended for miscellaneous applica-
tions where greater strength and savings in weight are impor-
tant. The material is available in two classes. They are similar
in strength level, except that Class 2 offers improved weldabil-
ity and more formability than Class 1. Atmospheric corrosion
resistance of these steels is equivalent to plain carbon steels.
With copper specified, the atmospheric corrosion is somewhat
enhanced.

4.1.5 High-Strength Low-Alloy Steel with Improved
Formability—(HSLAS-F grades 50[340], 60[410], 70[480],
80[550]).

4.1.5.1 This material has improved formability when com-
pared with HSLAS. The steel is killed and made to a fine
ferritic grain practice and includes microalloying elements
such as columbium, titanium, vanadium, zirconium, etc. The
steel shall be treated to achieve inclusion control. The material
is intended for miscellaneous applications where higher
strength, savings in weight, improved formability, and weld-
ability are important. Atmospheric corrosion resistance of these
steels is equivalent to plain carbon steels. With copper speci-
fied, the atmospheric corrosion resistance is somewhat en-
hanced.

NOTE 1—For methods of establishing the atmospheric corrosion resis-
tance of low-alloy steels, see Guide G 101.

4.1.6 When required for HSLAS and HSLAS-F steels,
limitations on the use of one or more of the microalloy
elements shall be specified on the order.

5. Ordering Information

5.1 Orders for material under this specification shall include
the following information, as required, to describe adequately
the desired material.

5.1.1 ASTM specification number and year of issue.
5.1.2 Name of material and designation (hot-rolled steel

sheet or hot-rolled strip) (include grade and, as appropriate,
type and class for CS, DS, SS, HSLAS, and HSLAS-F) (see
section 4.1).

5.1.2.1 For HSLAS, when a class is not specified class 1
will be furnished) (see section 4.1),

5.1.3 Copper bearing, (if required),

5.1.4 Condition—Material in accordance with this specifi-
cation is furnished in the hot rolled condition. Pickled (or blast
cleaned) must be specified if required. Material ordered as
pickled (or blast cleaned) will be oiled unless ordered dry,

5.1.5 Type of edge must be specified for hot rolled sheet
coils and strip coils, either mill edge or cut edge (sheet), mill
edge or slit edge (strip),

5.1.6 Dimensions (decimal thickness and width of material),
5.1.6.1 As agreed upon between the purchaser and the

producer, material ordered to this specification will be supplied
to meet the appropriate standard or restricted thickness toler-
ances shown in Specification A 635/A 635M,

NOTE 2—Not all producers are capable of meeting all the limitations of
the thickness tolerance tables in Specification A 635/A 635M. The pur-
chaser should contact the producer regarding possible limitations prior to
placing an order.

5.1.7 Coils size and weight requirements (must include
inside diameter (ID), outside diameter (OD), and maximum
weight,

5.1.8 Quantity (weight),
5.1.9 Application (part identification and description).
5.1.10 Special requirements, if required, and
5.1.11 A report is required of heat analysis and mechanical

properties as determined by the tension test.

NOTE 3—A typical ordering description is as follows: (inch pound
units) ASTM A 1018/A 1018M: Grade 50, High-Strength, Low-Alloy,
Class 2, hot rolled sheet coils, pickled and oiled, cut edge, 0.500 by 40 in.
by coil; ID 24 in. , OD 72 in., maximum; coil weight 40 000 lb.,
maximum; 200 000 lb. for roll forming shapes; (SI units) ASTM A 1018/
A 1018M: Grade 345, High-Strength Low-Alloy, Class 2, hot-rolled sheet
coils, pickled and oiled, cut edge; 10 mm by 900 mm by coil; ID 600 mm,
OD 1800 mm, maximum; coil weight 18 000 kg maximum; 90 000 kg for
roll forming shapes.

6. Chemical Composition

6.1 The heat analysis of commercial steel and drawing steel
shall conform to the requirements of Table 1.

6.1.1 The heat analysis of structural steel, high-strength
low-alloy steel, and high-strength low-alloy steel with im-
proved formability shall conform to the requirements of Table
2.

6.1.2 Chemical analysis shall be conducted in accordance
with Test Method A 751.

6.1.3 Each of the elements listed in Tables 1 and 2 shall be
included in the report of the heat analysis. When the amount of
copper, nickel, chromium, or molybdenum is less than 0.02 %,
report the analysis as <0.02 % or the actual value. When the
amount of columbium, titanium, or vanadium is less than
0.008 %, report the analysis as <0.008 % or the actual deter-
mined value.

6.1.4 For Structural Steel (SS) the addition of microalloying
elements, including columbium, vanadium, or titanium, as well
as nitrogen, as strength enhancers is prohibited.

6.1.5 Sheet steel grades defined by this specification are
suitable for welding if appropriate welding conditions are
selected. For certain welding processes, more restrictive com-
position limits may be desirable and should be requested at the
time of inquiry and ordering.
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7. Mechanical Properties

7.1 Test specimen preparation and mechanical testing shall
be in accordance with Test Methods A 370.

7.2 Tensile Properties—The material, structural steel, high-
strength low-alloy steel, and high-strength low-alloy steel with
improved formability, as represented by the test specimens
shall conform to the mechanical property requirements as

stated in Table 3. These requirements do not apply to the
uncropped ends of unprocessed coils.

7.3 Tension Test Specimen Location and Orientation—
Tension test specimens shall be taken sufficiently far from the
as hot-rolled coil ends so that the sample is representative of
material which received the designed processing. The test shall
be taken approximately midway between the center and edge

TABLE 1 Chemical Requirements
Commercial and Drawing Steels

% Heat Analysis, Element Maximum Unless Otherwise Indicated
Composition Limits

Designation
Commercial Steel (CS) C Mn P S CuA Ni Cr Mo V Cb Ti

1006 0.08 0.45 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1008 0.10 0.50 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1009 0.15 0.60 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1010 0.08 to 0.13 0.30 to 0.60 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1012 0.10 to 0.15 0.30 to 0.60 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1015 0.12 to 0.018 0.30 to 0.60 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1016 0.12 to 0.018 0.60 to 0.90 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1017 0.14 to 0.20 0.30 to 0.60 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1018 0.14 to 0.20 0.60 to 0.90 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1019 0.14 to 0.20 0.70 to 1.00 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1020 0.17 to 0.23 0.30 to 0.60 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1021 0.17 to 0.23 0.60 to 0.90 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1022 0.17 to 0.23 0.70 to 1.00 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1023 0.19 to 0.25 0.30 to 0.60 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
1524 0.18 to 0.25 1.30 to 1.65 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.008
Drawing Steel (DS) 0.10 0.50 0.030 0.020 0.20 0.20 0.15 0.06 0.008 0.008 0.008

A When copper is specified, the limit is a minimum requirement. When copper is not specified, the limit is a maximum.

TABLE 2 Chemical Composition A For Hot Rolled, Heavy Thickness Coils

Designations SS, HSLAS, and HSLAS-F
% Heat Analysis, Element Maximum unless otherwise shown

Designation C Mn P S CuB Ni Cr Mo V Cb Ti N

SS

Grade 30 [205] 0.25 1.50 0.035 0.04 0.20 0.20 0.15 0.06 0.008 0.008 0.008 0.014
Grade 33 [230] 0.25 1.50 0.035 0.04 0.20 0.20 0.15 0.06 0.008 0.008 0.008 0.014
Grade 36 [250] Type 1 0.25 1.50 0.035 0.04 0.20 0.20 0.15 0.06 0.008 0.008 0.008 0.014
Grade 36 [250] Type 2 0.25 1.50C 0.035 0.04 0.20 0.20 0.15 0.06 0.008 0.008 0.008 0.014
Grade 40 [275] 0.25 1.50 0.035 0.04 0.20 0.20 0.15 0.06 0.008 0.008 0.008 0.014

HSLASD

Grade 45 [310] Class 1 0.22 1.50 0.04 0.04 0.20 0.20 0.15 0.06 0.005 min 0.005 min 0.005 min . . .
Grade 45 [310] Class 2 0.15 1.50 0.04 0.04 0.20 0.20 0.15 0.06 0.005 min 0.005 min 0.005 min E

Grade 50 [340] Class 1 0.23 1.50 0.04 0.04 0.20 0.20 0.15 0.06 0.005 min 0.005 min 0.005 min . . .
Grade 50 [340] Class 2 0.15 1.50 0.04 0.04 0.20 0.20 0.15 0.06 0.005 min 0.005 min 0.005 min E

Grade 55 [380] Class 1 0.25 1.50 0.04 0.04 0.20 0.20 0.15 0.06 0.005 min 0.005 min 0.005 min . . .
Grade 55 [380] Class 2 0.15 1.50 0.04 0.04 0.20 0.20 0.15 0.06 0.005 min 0.005 min 0.005 min E

Grade 60 [410] Class 1 0.26 1.50 0.04 0.04 0.20 0.20 0.15 0.06 0.005 min 0.005 min 0.005 min . . .
Grade 60 [410] Class 2 0.15 1.50 0.04 0.04 0.20 0.20 0.15 0.06 0.005 min 0.005 min 0.005 min E

Grade 65 [450] Class 1 0.26 1.50 0.04 0.04 0.20 0.20 0.15 0.06 0.005 min 0.005 min 0.005 min E

Grade 65 [450] Class 2 0.15 1.50 0.04 0.04 0.20 0.20 0.15 0.06 0.005 min 0.005 min 0.005 min E

Grade 70 [480] Class 1 0.26 1.65 0.04 0.04 0.20 0.20 0.15 0.16 0.005 min 0.005 min 0.005 min E

Grade 70 [480] Class 2 0.15 1.65 0.04 0.04 0.20 0.20 0.15 0.16 0.005 min 0.005 min 0.005 min E

HSLAS-FD

Grade 50 [340] 0.15 1.65 0.025 0.035 0.20 0.20 0.15 0.06 0.005 min 0.005 min 0.005 min E

Grade 60 [410] 0.15 1.65 0.025 0.035 0.20 0.20 0.15 0.06 0.005 min 0.005 min 0.005 min E

Grade 70 [480] 0.15 1.65 0.025 0.035 0.20 0.20 0.15 0.16 0.005 min 0.005 min 0.005 min E

Grade 80 [550] 0.15 1.65 0.025 0.035 0.20 0.20 0.15 0.16 0.005 min 0.005 min 0.005 min E

A An ellipsis (. . .) indicates that no limits have been set for that element.
B When copper steel is specified, the limit for copper is a minimum requirement. When copper is not specified the copper limit is a maximum.
C For product greater than 0.75 in. in thickness, the manganese requirement is 0.80 to 1.20 %.
D HSLAS and HSLAS-F steels contain the strengthening elements columbium, vanadium, and titanium added singly or in combination. The minimum requirements only

apply to the microalloy elements selected for strengthening of the steel.
E The purchaser has the option of restricting the nitrogen content. It should be noted that, depending on the microalloying scheme (for example, use of vanadium) of

the producer, nitrogen may be a deliberate addition. Consideration should be made for the use of nitrogen binding elements (for example, vanadium, titanium).

A 1018/A 1018M – 04

3



of the material as rolled. For coils wider than 24 in. [600 mm],
Tension test specimens shall be taken such that the longitudinal
axis of the specimens is perpendicular to the direction of
rolling (transverse test). For coils through 24 in. [600 mm] in
width, tension test specimens shall be taken such that longitu-
dinal axis of the specimen is parallel to the direction of rolling
(longitudinal test).

7.4 Tension Tests—Two tension tests shall be conducted
from each heat or each of 50 tons [45 Mg]. When the amount
of finished material from a heat is less than 50 tons [45 Mg],
only one tension test shall be conducted. When material rolled
from one heat differs 0.050 in. [1.3 mm] or more in thickness,
one tension test shall be conducted from both the thickest and
the thinnest material rolled regardless of the weight repre-
sented.

7.5 To determine conformance with this specification, a test
value should be rounded to the nearest 1 ksi [7 Mpa] of tensile
strength and yield point, and to the nearest unit in the
right-hand place of figures used in expressing the limiting
value for other places in accordance with the rounding off
methods given in Practice E 29.

7.6 Structural steel, high-strength low-alloy steel, and high-
strength low-alloy steel with improved formability covered by
this specification are commonly fabricated by cold bending.
There are many interrelated factors that affect the ability of a
given steel to cold form over a given radius under shop
conditions. These factors include thickness, strength level,
degree of restraint, relationship to rolling direction, chemistry,
and microstructure. The producer shall be consulted concern-
ing the recommended minimum inside radius and bending

direction. Where possible, a larger radius or “easy way”
bending (with the bend axis perpendicular to rolling direction),
or both, are recommended for improved performance.

7.7 Fabricators must be aware that cracks may initiate upon
bending a sheared or burned edge. This is not considered a fault
of the steel, but is rather a function of the induced cold work or
heat affected zone.

8. Workmanship, Finish, and Appearance

8.1 Edges—The normal edge condition in heavy-thickness
coils is mill edge. If cut edge is required, it must be specified.

8.2 Oiling—Unless otherwise specified, hot-rolled as-rolled
material shall be furnished dry, and hot rolled pickled or blast
cleaned material shall be furnished oiled. When required, it is
permissible to specify pickled or blast cleaned material be
furnished dry, or that as-rolled material be furnished oiled.

8.3 Surface Finish—Unless otherwise specified, hot-rolled
material shall have an as-rolled, not pickled surface finish.
When required, material shall be specified to be pickled or
blast-cleaned.

9. Retests

9.1 If the results on an original tensile specimen are within
2000 psi [14 Mpa] of the required tensile strength, within 1000
psi [7 Mpa] of the required yield strength, or within 2
percentage points of the required elongation, a retest shall be
permitted and a test specimen, selected at random, shall be
tested. If the results on this retest specimen satisfy the specified
mechanical requirements, the material shall be accepted.

TABLE 3 Mechanical Property Requirements A For Hot Rolled Heavy Thickness Coils

Designations SS, HSLAS, and HSLAS-F

Designation
Yield Strength

min
Tensile Strength

minB
Elongation in 2 in. [50 mm], min, %
for thicknesses to 1 in. [25 mm] incl

Elongation in 8 in. [200 mm], min, %
for thicknesses 0.180 in. [4.5 mm] to 1

in. [25 mm] incl

SS ksi [MPa] ksi [MPa]

Grade 30 [205] 30 [205] 49 [340] 22 17
Grade 33 [230] 33 [230] 52 [360] 22 16
Grade 36 [250] Type 1 36 [250] 53 [365] 21 15
Grade 36 [250] Type 2 36 [250] 58 to 80 [400 to 550] 21 18
Grade 40 [275] 40 [275] 55 [380] 19 14

HSLAS

Grade 45 [310] Class 1 45 [310] 60 [410] 22 17
Grade 45 [310] Class 2 45 [310] 55 [380] 22 17
Grade 50 [340] Class 1 50 [340] 65 [450] 20 16
Grade 50 [340] Class 2 50 [340] 60 [410] 20 16
Grade 55 [380] Class 1 55 [380] 70 [480] 18 15
Grade 55 [380] Class 2 55 [380] 65 [450] 18 15
Grade 60 [410] Class 1 60 [410] 75 [520] 16 14
Grade 60 [410] Class 2 60 [410] 70 [480] 16 14
Grade 65 [450] Class 1 65 [450] 80 [550] 14 12
Grade 65 [450] Class 2 65 [450] 75 [520] 14 12
Grade 70 [480] Class 1 70 [480] 85 [590] 12 10
Grade 70 [480] Class 2 70 [480] 80 [550] 12 10

HSLAS-F

Grade 50 [340] 50 [340] 60 [410] 22 16
Grade 60 [410] 60 [410] 70 [480] 16 14
Grade 70 [480] 70 [480] 80 [550] 12 10
Grade 80 [550] 80 [550] 90 [620] 12 10

A For coil products, testing by the producer is limited to the end of the coil. Mechanical properties throughout the coil shall comply with the minimum values specified.
B A minimum and maximum tensile strength are specified for SS Grade 36 Type 2.
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10. Certification

10.1 A report of heat analysis shall be supplied, if requested,
for CS and DS steels. For material with required mechanical
properties, SS, HSLAS, and HSLAS-F, a report is required of
heat analysis and mechanical properties as determined by the
tension test.

11. Keywords

11.1 alloy steel sheet; alloy steel strip; carbon; carbon steel
sheet; carbon steel strip; heavy-thickness coils; high-strength
low-alloy steel; hot-rolled steel sheet; hot-rolled steel strip;
improved formability; steel sheet; steel strip; structural
applications

APPENDIX

(Nonmandatory Information)

X1. BENDING PROPERTIES—STRUCTURAL STEEL, HIGH-STRENGTH LOW-ALLOY STEEL, AND HIGH-STRENGTH
LOW-ALLOY STEEL WITH IMPROVED FORMABILITY

SUMMARY OF CHANGES

This section contains the principal changes to the standard that have been incorporated since the last issue,
A 1018/A 1018M – 03a, that may impact the use of this standard. (Approved April 1, 2004.)

(1) New title.
(2) Added reference to CS and DS steels to 1.2.
(3) Deleted old Section 1.4.2.
(4) Reordered Sections 1.4.1 and 1.4.3.
(5) Revised title of A 635/A 635M in Section 2.
(6) Added reference to CS and DS steels in Section 4.
(7) Added designation CS And DS steels in 5.1.2.
(8) Added reference to CS and DS steels and new Table 1 to
6.1.
(9) Added reference to SS, HSLAS, and HSLAS-F and
renumbered table to 6.1.2.

(10) Added reference to SS, HSLAS, and HSLAS-F to 7.2
and renumbered Table 3.
(11) Added reference to SS, HSLAS, and HSLAS-F to 7.6.
(12) Revised 10.1 to reflect addition of CS and DS to
standard.
(13) Added new Table 1 from A 635/A 635M.
(14) Type 1 added to existing SS Grade 36.
(15) Expanded Appendix X1 to include SS and HSLAS
steels.
(16) SS Grade 36 Type 2 added.
(17) The following changes were made to Table 2:

TABLE X1.1 Suggested Minimum Inside Radius for Cold Bending

NOTE 1—(t) equals a radius equivalent to the steel thickness
NOTE 2—The suggested radius should be used as a minimum for 90° bend in actual shop practice.
NOTE 3—Material that does not perform satisfactorily, when fabricated in accordance with the above requirements, may be subject to rejection pending

negotiation with the steel supplier.

Product Grade Minimum Inside Radius for Cold Bending

Structural Steel 30 [205] 1t
33 [230] 1t

36 [250] Type 1 11⁄2t
36 [250] Type 2 2t

40 [275] 2t
45 [310] 2t
50 [340] 21⁄2t
55 [380] 3t

High-Strength Low-Alloy Steel Class 1 Class 2

45 [310] 11⁄2t 11⁄2t
50 [340] 2t 11⁄2t
55 [380] 2t 2t
60 [410] 21⁄2t 2t
65 [450] 3t 21⁄2t
70 [480] 31⁄2t 3t

High-Strength Low-Alloy Steel with Improved Formability
50 [340] 1t
60 [410] 11⁄2t
70 [480] 2t
80 [550] 2t
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(18) Revised minimum limit for columbium from 0.01 % to
0.005 %.
(19) Footnotes B and D added.
(20) Added items for titanium.
(21) Revised limits for vanadium.
(22) Delete old Footnotes B and D.

(23) Added reference to Ti to new Footnote C.

(24) Added information to new Footnote C, indicating the
minimum limits apply only to the specific elements used to
strengthen the steel.

(25) Deleted old Footnote F.

This section contains the principal changes to the standard that have been incorporated since the last issue, A 1018/
A 1018M – 03, that may impact the use of this standard. (Approved Oct. 1, 2003.)

(1) Added Section 4.1.4.
(2) Revised Section 5.1.10.

(3) Deleted Supplementary Requirement S1.
(4) Revised Tables 1 and 2.

This section contains the principal changes to the standard that have been incorporated since the last issue, A 1018/
A 1018M – 02, that may impact the use of this standard. (Approved April 10, 2003.)

(1) The following sections were revised: 4.1.3.1, 6.1.2, 7.6,
7.7, 8.1, 8.2, and 8.3.

(2) Table 2 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: A 1023/A 1023M – 02

Standard Specification for
Stranded Carbon Steel Wire Ropes for General Purposes 1

This standard is issued under the fixed designation A 1023/A 1023M; 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 general requirements for
the more common types of stranded steel wire ropes. Included
in this specification are wire ropes in various grades and
constructions from1⁄4 in. (6 mm) to 23⁄8 in. (60 mm) manufac-
tured from uncoated or metallic coated wire. Also included are
cord products from1⁄32 in. (0.8 mm) to 3⁄8 in. (10 mm)
manufactured from metallic coated wire. For specific applica-
tions, additional or alternative requirements may apply.

1.2 The values stated in either inch-pounds 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 inde-
pendently of the other. Combining values from the two systems
may result in nonconformance with the specification.

2. Referenced Documents

2.1 ASTM Standards:
A 931 Test Methods for Tension Testing of Wire Ropes and

Strand2

A 1007 Specification for Carbon Steel Wire for Wire Rope2

2.2 ISO Standards:
ISO 2232 Round Drawn Wire for General-Purpose Non-

alloy Steel Wire Ropes
ISO 3108 Steel Wire Ropes for General Purposes—

Determination of Actual Breaking

3. Terminology

Description of Terms Specific to this Specification

3.1 inserts, n—fiber or solid polymer so positioned as to
separate adjacent strands or wires in the same or overlying
layers or to fill interstices of the rope.

3.2 Lubrication:
3.2.1 impregnating compound, n—material used in the

manufacture of natural fiber cores, covers, or inserts for the
purpose of providing protection against rotting and decay of
the fiber material.

3.2.2 preservation compound, n—material, usually contain-
ing some form of blocking agent, applied during, after, or both
during and after manufacture of the rope to fiber inserts, fillers,
and coverings for the purpose of providing protection against
corrosion.

3.2.3 rope lubricant, n—general term used to signify mate-
rial applied during the manufacture of a strand, core, or rope
for the purpose of reducing internal friction, providing protec-
tion against corrosion, or both.

3.3 rope cores, n—central element, usually of fiber or steel
(but may be a combination of both), of a round rope around
which are laid helically the strands of a stranded rope or the
unit ropes of a cable-laid rope (Fig. 1).

3.3.1 fiber core (FC), n—an element made from either
natural or synthetic fibers.

3.3.2 solid polymer core, n—a single element of solid
polymer material that is either cylindrical or shaped (grooved).
It may also include an element or elements of wire or fiber.

3.3.3 steel core, n—a stranded rope (IWRC), or a round
strand (WSC) construction. The round strand or the stranded
rope core or its outer strands, or both, may also be covered or
filled with either fiber or solid polymer. Steel cores are
normally made as a separate independent element, the excep-
tion being rope with a stranded rope core closed parallel with
the outer strands.

3.4 strand, n—an element of rope normally consisting of an
assembly of wires of appropriate shape and dimensions laid
helically in one or more layers around a center. The center may
consist of one round or shaped wire, of several round wires
forming a built-up center, or of fiber or some other material. If
multiple wires are used in a strand center, they may be counted
as one wire.

3.4.1 Cross-Section Shape:
3.4.1.1 compacted strand, n—a strand that has been sub-

jected to a compacting process such as drawing, rolling, or
swaging (Fig. 2).

3.4.1.2 round strand, n—strand having a perpendicular
cross-section that is approximately the shape of a circle (Fig.
3).

3.4.1.3 triangular strand, n—strand having a perpendicular
cross-section that is approximately the shape of a triangle
(formerly referred to as flattened strand) (Fig. 4).

(a) Style B—Solid center wire

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.03 on Steel Rod and Wire.

Current edition approved March 10, 2002. Published May 2002.
2 Annual Book of ASTM Standards, Vol 01.03.
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(b) Style G—332 or 332+3F center
(c) Style H—3 or 3+3F center
(d) Style V—137 center

3.4.2 strand lay direction, n—the direction right (z) or left
(s) corresponding to the direction of lay of the outer wires in
relation to the longitudinal axis of the strand (Fig. 5).

3.4.3 Type and Constructions:
3.4.3.1 multiple operation lay, n—construction containing

at least two layers of wires in which successive layers are laid
in more than one operation, with different lay lengths. There
are two basic types of multiple operation strand:

(a) compound lay, n—strand that contains a minimum of
three layers of wires where a minimum of one layer is laid in
a separate operation, but in the same direction, over a parallel
lay center.

(b) cross-lay, n—strand in which the wires are laid in the
same direction. The wires of superimposed wire layers cross
one another and make point contact.

3.4.3.2 parallel lay, n—strand that contains at least two
layers of wires, all of which are laid in one operation (in the
same direction). The lay length of all the wire layers is equal,
and the wires of any two superimposed layers are parallel to
each other, resulting in linear contact. There are four types of
parallel lay constructions:

(a) combined, adj—describes a parallel lay construction
having three or more layers laid in one operation and formed
from a combination of the above, for example, Warrington-
Seale construction (Fig. 6a).

(b) filler (F), adj—describes a construction having outer
layer containing twice the number of wires than the inner layer,
with filler wires laid in the interstices between the layers. Filler
wires are designated with the letter “F” (Fig. 6b).

(c) Seale (S), adj—describes a construction having same
number of wires in each layer, for example, 9-9-1 (Fig. 6c).

(d) Warrington (W), adj—describes a construction having
outer (Warrington) layer containing alternately large and small
wires and twice the number of wires as the inner layer.
Warrington layers are designated by listing the number of large
and small wires with a + sign in between and bracketing ( ) the
layer, for example, (6+6) (Fig. 6d).

NOTE 1—Strand construction is designated by listing the number of

wires, beginning with the outer wires, with each layer separated by a
hyphen.

3.4.3.3 single lay, n—strand that contains only one layer of
wires.

3.5 stranded wire rope, n—an assembly of strands laid
helically in one or more layers around a core. Exceptions are
stranded wire ropes consisting of three or four outer strands
that may or may not be laid around a core. Elements of
stranded wire rope are shown in Fig. 7.

3.6 Wires:
3.6.1 finish and quality of coating, n—the condition of the

surface finish of the wire, that is, uncoated or metallic coated
(zinc or zinc alloy).

3.6.1.1 metallic coated wire, n—carbon steel wire that has a
metallic coating.

(a) drawn-galvanized wire, n—coated carbon steel wire
with a zinc coating applied prior to the final wire drawing
operation, that is, galvanized in process.

(b) drawn-Zn5/Al-MM wire, n—coated carbon steel wire
with a zinc-aluminum alloy (mischmetal) coating applied prior
to the final wire drawing operation.

(c) final-coated Zn5/Al-MM wire, n—coated carbon steel
wire with a zinc-aluminum alloy (mischmetal) coating applied
after the final wire drawing operation.

(d) final-galvanized wire, n—coated carbon steel wire with
a zinc coating applied after the final wire drawing operation,
that is, galvanized at finished size.

3.6.1.2 uncoated wire, n—carbon steel wire that does not
have a metallic coating. Commonly referred to as bright wire.

3.6.2 Function:
3.6.2.1 filler wires, n—comparatively small wires used in

certain constructions of parallel lay ropes to create the neces-
sary number of interstices for supporting the next layer of
covering wires.

3.6.2.2 load-bearing wires (main wires), n—those wires in a
rope that are considered as contributing toward the breaking
force of the rope.

3.6.2.3 non-load-bearing wires, n—those wires in a rope
that are considered as not contributing toward the breaking
force of the rope.

3.6.2.4 seizing (serving) wires or strands, n—single wires
or strands used for making a close-wound helical serving to
retain the elements of a rope in their assembled position.

3.6.3 layer of wires, n—an assembly of wires having one
pitch diameter. The exception is a Warrington layer comprising
large and small wires where the smaller wires are positioned on
a larger pitch circle than the larger wires. The first layer of
wires is that which is laid over the strand center. Filler wires do
not constitute a separate layer.

3.6.4 Position:
3.6.4.1 center wires, n—wires positioned at the center of a

strand of a stranded rope.
3.6.4.2 core wires, n—all wires comprising the core of a

stranded rope.
3.6.4.3 inner wires, n—all wires except center, filler, core,

and outer wires in a stranded rope.
3.6.4.4 outer wires, n—all wires in the outer layer of the

outer strands of a stranded rope.

FIG. 1 Examples of Cores
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Dimensional Characteristics

3.7 Diameter of Rope:
3.7.1 diameter of plastic-coated rope, n—the diameter that

circumscribes the overall rope cross-section including the
cover followed by the diameter, which circumscribes the
underlying rope (for example,3⁄4 3 5⁄8 in.).

3.7.2 diameter of round rope, n—the diameter (d) that
circumscribes the rope cross-section. Diameter is expressed in
inches or millimeters (Fig. 8).

3.8 Lay Length:
3.8.1 rope lay length, n—that distance measured parallel to

the longitudinal rope axis in which the outer strands of a
stranded rope or the component ropes of a cable-laid rope make
one complete turn (or helix) about the axis of the rope (Fig. 9).

3.8.2 strand lay length, n—that distance measured parallel
to the longitudinal strand axis, in which the wire in the strand
makes one complete turn (or helix) about the axis of the strand.
The lay length of a strand is that corresponding to the outer
layers of wires (Fig. 9).

Manufacture (Rope)

3.9 Preformation:
3.9.1 non-preformed rope, n—rope in which the wires and

strands in the rope will, after removal of any seizing (serving),
spring out of the rope formation.

3.9.2 preformed rope, n—rope in which the wires and
strands in the rope will not, after removal of any seizing
(serving), spring out of the rope formation.

3.10 prestretching, n—the name given to a process that
results in the removal of a limited amount of constructional
stretch.

Mechanical Properties

3.11 Rope:
3.11.1 actual (measured) breaking force, n—breaking force

obtained using the prescribed test method in Test Method
A 931 or ISO 3108.

3.11.2 calculated breaking force, n—value of breaking
force obtained from the sum of the measured breaking forces of
the wires in the rope, before rope making, multiplied by the
measured spinning loss factor as determined by the rope
manufacturer’s design.

3.11.3 measured spinning loss factor, n—ratio between the
measured breaking force of the rope and the sum of the
measured breaking forces of the wires, before rope making.

3.11.4 minimum breaking force, n—specified value that the
actual (measured) breaking force must meet or exceed in a
prescribed test.

3.12 Rope Stretch (Extension):
3.12.1 constructional stretch (extension), n—amount of ex-

tension that is attributed to the initial bedding down of wires
within the strands and the strands within the rope due to
loading. Initial extension cannot be determined by calculation.

FIG. 2 Compacted Round Strand–Before and After

FIG. 3 Round Strand

FIG. 4 Triangular Strand

FIG. 5 Lay Direction of Strands for Stranded Ropes
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3.12.2 elastic stretch (extension), n—amount of recoverable
extension that follows Hooke’s law within certain limits due to
application of a load.

3.12.3 permanent stretch (extension), n—non-elastic exten-
sion.

3.13 Wire:

3.13.1 torsions, n—a measure of wire ductility normally
expressed as the number of 360° revolutions that a wire can
withstand before breakage occurs, using a prescribed test
method. Torsion requirements are based on the wire diameter
and either the wire level, as specified in Specification A 1007,
or the tensile strength grade, as specified in ISO 2232.

3.13.2 wire tensile strength, n—ratio between the maximum
force obtained in a tensile test and the nominal cross-sectional
area of the test piece. Requirements for wire tensile strength
are determined by either the wire level, as specified in
Specification A 1007, or by the tensile strength grade, as
specified in ISO 2232.

3.13.2.1 tensile strength grade, n—a level of requirement
for tensile strength based on the SI system of units. It is
designated by a value according to the lower limit of tensile
strength and is used when specifying wire. Values are ex-
pressed in N/mm2 (for example, 1960).

3.13.2.2wire level, n—a level of requirement for tensile
strength based on the inch-pound system of units (for example,
Level 3).

Terminology Relating to Ropes

3.14 Rope Classification and Construction:
3.14.1 rope classification, n—a grouping of ropes of similar

characteristics on the basis of, for stranded ropes, the number
of strands and their shape, the number of strand layers, the
number of wires in one strand, the number of outer wires in one
strand, and the number of wire layers in one strand. For
classification details, refer to Table 2.

3.14.2 rope construction, n—detail and arrangement of the
various elements of the rope, taking into account the number of
strands, and the number of wires in the strand. For construction
details, refer to Tables 9-34.

3.14.3 Discussion—Rope construction is designated by list-
ing the number of outer strands followed by the number of
wires in each strand and the designation for the type of
construction, for example, 6325F. The “3” symbol is read as
“by.”

3.15 rope grade, n—a level of requirement for breaking
force that is designated either by a number (for example, 1770,
1960) or a series of letters (for example, IPS, EIP). See 6.3.
Rope grade does not imply that the actual tensile strength of the
wires in the rope is necessarily of this grade.

3.16 Rope Lay:

A—Example of Combined Parallel Lay ex. 31WS, 12-(6+6)-6-1
B—Filler Construction ex. 25F, 12-6F-6-1
C—Seale Construction ex. 19S, 9-9-1
D—Warrington Construction ex. 19W, (6+6)-6-1

FIG. 6 Parallel Lay Constructions

FIG. 7 Elements of Stranded Wire Rope

FIG. 8 Diameter of Round Rope
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3.16.1 lay direction of rope, n—the direction right (Z) or left
(S) corresponding to the direction of lay of the outer strands in
a stranded rope or the unit ropes in a cable laid rope in relation
to the longitudinal axis of the rope.

3.16.2 Lay Types:
3.16.2.1 alternate lay, adj—describes stranded rope in

which the type of lay of the outer strands is alternately regular
(ordinary) lay followed by lang lay such that half of the outer
strands are regular (ordinary) lay and the other half are lang

lay. The lay direction of the rope will be either right (AZ) or
left (AS). Alternate lay can also be supplied with two lang lay
strands followed by one regular (ordinary) lay strand in a
repeating pattern.

3.16.2.2contra-lay, adj—describes rope in which at least
one layer of strands is laid in the opposite direction to the other
layers.

3.16.2.3 lang lay, adj—describes stranded rope in which the
direction of lay of the wires in the outer strands is the same
direction as that of the outer wires in the rope (Fig. 10).

FIG. 9 Lay Lengths

TABLE 1 Wire Tensile Strength Grades or Levels for Given
Rope Grades

Rope Grade
Wire Tensile Strength Grade or Level

Minimum Maximum

IPS Level 2 / 1570 Level 4 / 1960
EIP Level 3 / 1770 Level 5 / 2160
EEIP Level 4 / 1960 Level 5 / 2160
1770 1570 / Level 2 1960 / Level 4
1960 1770 / Level 3 2160 / Level 5
2160 1960 / Level 4 2160 / Level 5

TABLE 2 Classification

Classification
Table Diameter

(in.)
Diameter

(mm)SC FC

637 9 10 1⁄4 –11⁄2 6–36
6319 11 12 1⁄4 –23⁄8 6–60
6336 13 14 1⁄4 –23⁄8 6–60
7319 15 1⁄4 –23⁄8 6–60
7336 16 1⁄4 –23⁄8 6–60
8319 17 1⁄4 –23⁄8 6–60
8336 18 1⁄4 –23⁄8 8–60
8319 SR 19 1⁄2 –11⁄2 12–38
1937 20 1⁄4 –11⁄2 6–36
3437 21 1⁄4 –15⁄8 8–40
3537 22 3⁄8 –15⁄8 8–40
6312 23 5⁄16 –1 8–25
6324 24 3⁄8 –2 9.5–51
6325 TS 25 26 1⁄2 –23⁄8 12–60
6319 CS 27 3⁄8 –21⁄4 10–56
6336 CS 28 3⁄8 –21⁄4 10–56
6319 SW 29 1⁄2 –11⁄2 12–38
6336 SW 30 1⁄2 –11⁄2 12–38
1937 CS 31 1⁄4 –1 6–24
19319 32 3⁄8 –15⁄8 10–40
3537 CS 33 7⁄16 –15⁄8 10–40
337 CORD 34 1⁄32 0.8
737 CORD 34 3⁄64 –3⁄8 1.2–9.5
7319 CORD 34 1⁄16 –3⁄8 1.6–9.5

Designation key:
SR = spin resistant
TS = triangular strand
CS = compacted strand
SW = swaged rope
CORD = small diameter specialty wire rope
SC = steel core
FC = fiber core

TABLE 3 Weight of Coating for Final-Galvanized or Final-Coated
Zn-5Al-MM Rope Wire

Diameter of Wire Minimum Weight of Coating
in. mm oz/ft2 kg/m2

0.025 to 0.047 incl 0.64 to 1.19 incl 0.20 0.06
over 0.047 to 0.054 incl over 1.19 to 1.37 incl 0.40 0.12
over 0.054 to 0.063 incl over 1.37 to 1.60 incl 0.50 0.15
over 0.063 to 0.079 incl over 1.60 to 2.01 incl 0.60 0.18
over 0.079 to 0.092 incl over 2.01 to 2.34 incl 0.70 0.21
over 0.092 to 0.192 incl over 2.34 to 4.88 incl 0.80 0.24

TABLE 4 Weight of Coating for Drawn-Galvanized or Drawn
Zn-5Al-MM Rope Wire

Diameter of Wire Minimum Weight of Coating
in. mm oz/ft2 kg/m2

0.010 to 0.017 incl 0.25 to 0.43 incl 0.05 0.015
over 0.017 to 0.028 incl over 0.43 to 0.71 incl 0.10 0.03
over 0.028 to 0.060 incl over 0.71 to 1.52 incl 0.20 0.06
over 0.060 to 0.090 incl over 1.52 to 2.29 incl 0.30 0.09
over 0.090 to 0.140 incl over 2.29 to 3.56 incl 0.40 0.12

TABLE 5 Tolerances on Rope Diameter (Stranded Rope)
(Inch-Pound Units)

Nominal Rope
Diameter (d), in.

Diameter Tolerancesas a
Percentage of Nominal Diameter

thru 1⁄8 -0, +8 %
over 1⁄8 thru 3⁄16 -0, +7 %
over 3⁄16 thru 5⁄16 -0, +6 %
over 5⁄16 and largerA -0, +5 %

A 6312 and 6324 classifications -0, +7 % (Tables 24 and 25)

TABLE 6 Tolerances on Rope Diameter (Stranded Rope)
(SI Units)

Nominal Rope
Diameter (d), mm

Diameter Tolerances as a
Percentage of Nominal Diameter

from 2 to <4 -0, +8 %
from 4 to <6 -0, +7 %
from 6 to <8 -0, +6 %
8 and greater -0, +5 %
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3.16.2.4 regular (ordinary), adj—describes stranded rope in
which the direction of lay of the wires in the outer strands is in
the opposite direction to the lay of the outer strands in the rope.

3.16.3 Discussion—The lower case letter denotes strand
direction; the upper case letter denotes rope direction.

3.17 Rope Types:
3.17.1 cable-laid rope, n—an assembly of several (usually

six) round stranded ropes laid helically over a core (usually a
seventh rope). Requirements for cable-laid rope are not cov-
ered in this standard.

3.17.2 Ropes incorporating filling and covering materials:
3.17.2.1cushioned rope, n—rope in which the inner layers,

inner strands or core strands are covered with solid polymers or
fibers to form a cushion between adjacent strands or overlying
layers.

3.17.2.2plastic-coated core rope, n—rope in which the core
is covered, or filled and covered, with a solid polymer.

3.17.2.3plastic-coated rope, n—rope in which the exterior
surface is coated (covered) with a solid polymer.

3.17.2.4plastic-filled rope, n—rope in which the free spaces
up to the diameter of the rope are filled with a solid polymer.

3.17.3 rotation-resistant rope, n—stranded ropes designed
to generate reduced levels of torque and rotation when loaded
and comprising an assembly of two or more layers of strands
laid helically around a center, the direction of lay of the outer
strands being opposite to that of the underlying layer. There are
three categories of rotation-resistant rope:

3.17.3.1category 1, adj—describes stranded rope con-
structed in such a manner that it displays little or no tendency
to rotate, or, if guided, transmits little or no torque, has at least
fifteen outer strands and comprises an assembly of at least three
layers of strands laid helically over a center in two operations,
the direction of lay of the outer strands being opposite to that
of the underlying layer.

3.17.3.2category 2, adj—stranded rope constructed in such
a manner that it has significant resistance to rotation, has at
least ten outer strands, and comprises an assembly of two or
more layers of strands laid helically over a center in two or
three operations, the direction of lay of the outer strands being
opposite to that of the underlying layer.

3.17.3.3category 3, adj—stranded rope constructed in such
a manner that it has limited resistance to rotation, has no more

than nine outer strands, and comprises an assembly of two
layers of strands laid helically over a center in two operations,
the direction of lay of the outer strands being opposite to that
of the underlying layer.

3.17.4 Discussion—Rotation resistant ropes have previ-
ously been referred to as multi-strand and non-rotating ropes.

3.17.5 Discussion—Ropes having three or four strands can
also be designed to exhibit rotational resistant properties.

3.17.6 Stranded Rope Types:
3.17.6.1compacted strand rope, n—rope in which the

strands, prior to closing of the rope, are subjected to a
compacting process such as drawing, rolling, or swaging.

3.17.6.2multi-layer, adj—describes an assembly of two or
more layers of strands laid helically around a core, the
direction of the lay of the outer strands being opposite (that is,
contra-lay) to that of the underlying layer.

3.17.6.3single layer, adj—describes rope consisting of one
layer of strands laid helically around a core.

3.17.6.4swaged (compacted) rope, n—rope that is sub-
jected to a compacting process after closing the rope, thus
reducing its diameter.

Values

3.18 actual (measured) value, n—value derived from direct
measurement in a prescribed manner.

3.19 maximum value, n—specified value that an actual
value must not exceed.

3.20 minimum value, n—specified value that an actual value
must meet or exceed.

3.21 nominal value, n—the conventional value by which a
physical characteristic is designated.

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:

Item Examples
inch-pound SI

Length 500 ft 175 m
Size (diameter) 3⁄4 in. 16 mm
Rope classification or construction (if known) 6336 6336
Preformed or non-preformed Preformed Preformed
Lay direction and type Right regular sZ
Wire finish (uncoated or metallic coated

and type)
uncoated drawn-galvanized

Rope Grade EIP 1960
Core Type FC (fiber) SC
Applicable specification ASTM A 1023 ASTM A 1023
Special requirements

Termination of rope ends
Special length tolerance
Type of certificate
Special packaging and identification
Lubrication, other than as noted in 4.3
Prestretching

4.2 Certification of Conformance and Test:
4.2.1 A certificate of conformance and test shall confirm

compliance with this standard. It shall contain the following
information items:

4.2.1.1 Certificate number,
4.2.1.2 Purchaser’s name and address,
4.2.1.3 Purchaser’s order number,

TABLE 7 Permissible Differences in Rope Diameter
(Inch-Pound Units)

Nominal Rope
Diameter (d), in.

Percentage Allowable
Difference (%)

1⁄8 and smaller 7
over 1⁄8 thru 3⁄16 6
over 3⁄16 thru 5⁄16 5
over 5⁄16 and larger 4

TABLE 8 Permissible Differences in Rope Diameter (SI Units)

Nominal Rope
Diameter (d), mm

Percentage Allowable
Difference (%)

from 2 to <4 7
from 4 to <6 6
from 6 to <8 5
8 and greater 4
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4.2.1.4 Rope supplier’s name and address,
4.2.1.5 Supplier’s order number,
4.2.1.6 Number traceable to manufacturer’s production

length,
4.2.1.7 Nominal length(s) of rope,
4.2.1.8 Rope designation (nominal diameter, construction

and core, lay and grade), and
4.2.1.9 Minimum breaking force in tons (short tons) or

kilonewtons.
4.2.2 Tests on Wires and Rope—If wire tests are required,

indicate if the wire samples are taken before the rope fabrica-
tion or if they are taken from a completed rope. The following
additional information can be supplied under agreement be-
tween purchaser and supplier. These items shall be completed
as agreed between the supplier and the purchaser.

4.2.2.1 Quality system registration number of the rope
manufacturer, if applicable;

4.2.2.2 Approximate mass in lb/ft (kg/m);
4.2.2.3 Wire standard used;
4.2.2.4 Number of wires tested;
4.2.2.5 Nominal dimensions of wire;
4.2.2.6 Measured dimensions of wire;
4.2.2.7 Breaking force of wire;
4.2.2.8 Tensile strength of wire;
4.2.2.9 Number of torsions completed (and test length);
4.2.2.10 Mass of zinc (or zinc alloy);
4.2.2.11 Actual (measured) diameter of rope; and
4.2.2.12 Actual (measured) breaking force of rope.
4.2.3 Additional Information and Certification:
4.2.3.1 Space for additional information, and
4.2.3.2 Space for certification with provision for certifying

the foregoing, name and position held, signature, and date.

5. Material

5.1 Wire—The wires used in rope making shall comply with
the appropriate requirements of Specification A 1007 or ISO
2232. The manufacturer, subject to the limits in Table 1, shall
determine the tensile strength grade so that the minimum
breaking force of the rope is achieved.

5.1.1 Wire tensile limitations in Table 1 do not apply to
center, filler, and core wires.

5.1.2 Wire tensile limitations do not apply to compacted
ropes, or compacted strand ropes.

5.1.3 The manufacturer shall have the option to adopt a
single wire level or tensile strength grade throughout the rope,
or decide on a combination of wire levels or tensile strength
grades.

5.1.4 Wire diameters shall be selected by the manufacturer
in accordance with applicable wire rope design requirements.

5.2 Core—Cores of stranded ropes shall normally be either
steel or fiber composition.

5.2.1 Fiber Core—All fiber cores shall be natural fiber (for
example, sisal), polypropylene, or other suitable synthetic fiber.
The cores shall be of uniform hardness, effectively supporting
the strands. Natural fiber cores shall be treated with an
impregnating compound free from acid. Fiber cores larger than
5⁄32-in. (4-mm) diameter shall be doubly closed.

5.2.2 Steel Core—Steel main cores shall be either an inde-
pendent wire rope (IWRC) or a wire strand (WSC). Steel cores
of single layer ropes larger than7⁄16-in. (12-mm) diameter shall
be independent wire ropes (IWRC), unless specified otherwise.
Steel cores shall be lubricated. Cores closed in one operation
(parallel lay) with the outer strands of the rope may be
specified by agreement between the supplier and the purchaser.

5.3 Lubricant—All wire rope, unless otherwise specified,
shall be lubricated and impregnated in the manufacturing

FIG. 10 Regular (Ordinary Lay) and Lang Lay

A 1023/A 1023M – 02

7



process with a suitable lubricant selected by the manufacturer.
Stranding lubricants used for fiber core ropes shall be compat-
ible with the impregnating compound of the fiber core.

6. Rope Properties and Tolerances

6.1 Classification—The rope classification shall be speci-
fied by the purchaser and shall normally be one of those
covered in Table 2 although other classifications and construc-
tions are available by agreement between the supplier and
purchaser.

NOTE 2—Where only the rope classification is specified by the pur-
chaser, the manufacturer shall determine the construction.

6.2 Rope Core—Steel core (SC) shall be supplied unless
otherwise specified. The manufacturer shall determine core
construction. Cores with inserts or solid polymer cores are
subject to agreement between the supplier and purchaser.

6.3 Rope Grade—The rope grade shall be one of the
following although other grades are available by agreement
between the supplier and purchaser.

6.3.1 The listed rope grades for the following inch-pound
units are shown in the indicated tables:

6.3.1.1 IPS—Tables 9-20, Tables 21-24
6.3.1.2 EIP—Tables 9-20, Tables 23-30
6.3.1.3 EEIP—Tables 11-19, Tables 23-26, Tables 29 and

30
6.3.2 Rope Grades for the following SI units are shown in

the indicated tables:
6.3.2.1 1770—Table 9-18, Tables 20-32
6.3.2.2 1960—Tables 9-18, Tables 20-32, Tables 25 and 26,

Tables 29-33
6.3.2.3 2160—Tables 11-18, Table 32, Tables 25 and 26,

Tables 29-33
6.4 Wire Finish—Unless otherwise specified, wire ropes

will be furnished with uncoated wires. For wire ropes re-
quested with metallic coated wires, the wires shall be galva-
nized unless otherwise specified by the purchaser.

6.4.1 Final-Galvanized Rope—All outer wires shall be
supplied as final-galvanized. Inner, filler, and center wires shall
be supplied as final-galvanized or drawn-galvanized. Minimum
weight of coating for galvanized wire shall be as specified in
Tables 3 and 4.

6.4.1.1 Final-galvanized rope shall be supplied with mini-
mum breaking forces 10 % lower than those listed in Tables
9-34, except for Tables 21 and Tables 22.

6.4.1.2 Final-Coated Zn-5Al-MM—Wires of final-coated
Zn-5Al-MM may be substituted for final-galvanized wire at the
option of the manufacturer. Minimum weight of coating shall
be as specified in Table 3.

6.4.2 Drawn-Galvanized (Zinc Coated) Rope—All the
wires shall be galvanized (zinc coated), including those of any
steel core. Minimum weight of coating shall be as specified in
Table 4.

6.4.2.1 Drawn galvanized rope shall be supplied with mini-
mum breaking forces no less than those listed in Tables 9-34.

6.4.2.2 Drawn-Zn-5Al-MM—Wires of drawn-Zn–5Al-MM
may be substituted for drawn-galvanized wire at the option of
the manufacturer. Minimum weight of coating shall be as
specified in Table 4.

6.5 Direction and Type of Rope Lay—The direction and
type of rope lay shall be as specified by the purchaser and shall
be one of the following:

Right regular (ordinary) lay (sZ)
Left regular (ordinary) lay (zS)
Right lang lay (zZ)
Left lang lay (sS)
Right alternate lay (AZ)
Left alternate lay (AS)

Right regular (ordinary) lay will be supplied for six, seven,
and eight-strand constructions unless otherwise specified by
the purchaser.

6.6 Dimensions:
6.6.1 Rope Diameter—The nominal diameter shall be as

specified by the purchaser and shall be the dimension by which
the rope is designated.

6.6.1.1 Tolerance on Rope Diameter—When measured in
accordance with 8.2.3.1, the actual diameter shall not vary
from the nominal diameter by more than the tolerances
specified in Table 5 or Table 6. For small diameter specialty
cord with diameters from1⁄32 in. (0.8 mm) to3⁄8 in. (10 mm)
inclusive, diameter tolerances shall be as specified in Table 9.

6.6.1.2 Permissible Differences in Diameter—The differ-
ence between any two of the four measurements taken in
accordance with 8.2.3.1, and expressed as a percentage of the
nominal diameter, shall not exceed the values given in Table 7
or Table 8.

6.6.2 Lay Length:
6.6.2.1 For single layer ropes of 637 class, the lay length of

the finish rope shall not exceed 8 times the nominal rope
diameter.

6.6.2.2 For other single layer ropes with round strands,
except for 3 or 4 strand ropes, and multi-layer ropes with round
or shaped strands, the length of lay of the finished rope shall
not exceed 7.25 times the nominal rope diameter.

6.6.2.3 For single layer ropes with shaped strands, for
example, flattened (triangular) strand, the length of lay of the
finished rope shall not exceed 10 times the nominal rope
diameter.

6.7 Mechanical Properties:
6.7.1 Breaking Force—Values for minimum breaking force

for the more common classes of rope are specified in Tables
9-34 of this standard.

6.7.1.1 The minimum breaking force for other classes and
constructions not covered by the tables, shall be agreed upon
by the manufacturer and the purchaser.

6.7.1.2 Wire ropes with minimum breaking forces less than
those allowed in this specification may be accepted by prior
agreement between the supplier and purchaser and shall be
regarded as beyond the scope of this specification.

6.7.2 Mass—The (approximate) nominal rope mass shall be
as given in Tables 9-34 or as specified by the manufacturer.

6.7.3 Length—The actual length of rope supplied, expressed
in feet or meters, shall be the specified length subject to the
following limits of tolerance:

(a) Up to and including 1300 ft (400 m): +5.0 % of
specified length,

(b) Over 1300 ft up to 3280 ft (400 m to 1000 m): +66 ft
(20 m), and
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TABLE 9 Classification 7 37 and 7319 Small Diameter (Galvanized) Specialty Cord

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

737

7319

StrandsA 7 Wires 7 or 19

Outer Strands 6 Outer Wires 6 or 12

Layer of Strands 2 Layer of Wires 1 or 2

Wires in RopeA

(excluding core strand)
42 or 114

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand

337
737

7319

1–6
1–6

1–6/12

18
36
72

6
6
12

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm
737 7319 737 7319 Min. Max.

lb/100 ft kg/30.5 m lb/100 ft kg/30.5 m lbs kN lbs kN in. in.

1⁄32
A 0.79 0.16 0.07 110 0.49 0.031 0.037

3⁄64 1.19 0.42 0.19 270 1.2 0.047 0.055
1⁄16 1.59 0.75 0.34 0.75 0.34 480 2.1 480 2.1 0.063 0.073
5⁄64 1.98 1.1 0.50 650 2.9 0.078 0.089
3⁄32 2.38 1.6 0.73 1.7 0.77 920 4.1 1000 4.4 0.094 0.106
7⁄64 2.78 2.2 1.0 1260 5.6 0.109 0.122
1⁄8 3.18 2.8 1.3 2.9 1.3 1700 7.6 2000 8.9 0.125 0.139

5⁄32 3.97 4.3 2.0 4.5 2.0 2600 11.6 2800 12.5 0.156 0.172
3⁄16 4.76 6.2 2.8 6.5 3.0 3700 16.5 4200 18.7 0.188 0.206
7⁄32 5.56 8.3 3.8 8.6 3.9 4800 21.4 5600 24.9 0.219 0.237
1⁄4 6.35 10.6 4.8 11.0 5.0 6100 27.1 7000 31.1 0.250 0.268

9⁄32 7.14 13.4 6.1 13.9 6.3 7600 33.8 8000 35.6 0.281 0.301
5⁄16 7.94 16.7 7.6 17.3 7.9 9200 40.9 9800 43.6 0.313 0.335
11⁄32 8.73 20.1 9.1 20.7 9.4 11 100 49.4 12 500 55.6 0.344 0.368
3⁄8 9.53 23.6 10.7 24.3 11.0 13 100 58.3 14 400 64.1 0.375 0.401

A 1⁄32 construction is 337.
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(c) Over 3280 ft (1000 m): +2.0 % of specified length.

NOTE 3—The rope shall be measured under no load. Ropes required
with more restrictive length tolerance shall be agreed upon by the supplier
and purchaser.

7. Rope Workmanship and Finish

7.1 Strand:
7.1.1 Strand wires shall be tight and uniform. All the wire

layers in a strand shall have the same direction of lay. The lay
lengths of corresponding wire layers in strands of the same size
shall be uniform.

7.1.2 Center wires and fiber centers of strands shall be of a
size to provide sufficient support to enable the covering wires
to be evenly laid.

7.2 Rope—The rope shall be uniformly made and the
strands shall lie tightly on the core or the underlying strands.

7.2.1 The core of a stranded rope, except for swaged
(compacted) ropes, shall be designed so that in a new rope
under no load there is clearance between the outer strands.

7.2.2 Rope ends that have no end fittings shall be so secured
as to maintain the integrity of the rope and prevent its
unraveling.

7.3 Wire Joints:
7.3.1 Wires over 0.015 in. (0.4 mm) in diameter shall have

their ends joined by soldering, brazing, or welding.
7.3.2 Wires up to and including 0.015 in. (0.4 mm) diameter

may be joined by soldering, brazing, welding, twisting, or by
ends being simply inserted into the strand’s formation.

7.3.3 The minimum distance between joints in a strand shall
be 18 times the nominal rope diameter.

7.4 Preformation—Stranded ropes shall be preformed un-
less otherwise specified, except that multi-layer ropes, includ-
ing rotation-resistant and low-rotation ropes, may be non-
preformed.

7.5 Prestretching—Stranded ropes are not prestretched un-
less otherwise specified. When specified, ropes may be pre-
stretched using either a process of static or dynamic loading.
Prestretch loads shall not exceed 55 % of the minimum
breaking force for the rope.

NOTE 4—Example of static prestretching practice: Rope is subjected to
three cycles of tensile loading to 40 % of the ropes minimum breaking
force for 5 min, returning to 5 % of the minimum breaking force between
cycles. After the last cycle, the tensile load is completely released.

8. Testing and Compliance

General

8.1 Wire ropes manufactured in accordance with this speci-
fication shall be capable of meeting all the appropriate require-
ments as specified in 8.2. The manufacturer shall be able to
demonstrate compliance with this specification by either:

8.1.1 Testing each production length in accordance with 8.2,
or

8.1.2 Operating a quality assurance system that includes a
sampling program that meets the following requirements as a
minimum:

8.1.2.1 For each size and grade of a given rope construction,
the manufacturer shall present evidence from testing, if re-
quested by the purchaser, of a minimum of three production

lengths representing the current design. The purpose of these
tests is to assure the manufacturer’s ability to produce a rope
that conforms to the minimum requirements as defined in this
specification. Periodic acceptance tests are successfully com-
pleted on a sample taken from a minimum of every twentieth
production length.

8.1.2.2 Manufacturers complying with all requirements of
8.1.2 may use calculated breaking force to verify compliance
with requirements for an individual production length not
included in sample testing.

8.2 Any change in design requires that the tests specified in
8.1.2 be repeated on the modified rope. However, if the same
design, apart from the wire tensile grades, is used for ropes of
a lower grade than the one which has successfully passed the
tests specified in 8.1.2, it shall not be necessary to repeat the
tests on the lower grade rope(s).

8.3 For the purposes of this specification, a production
length is regarded as that length of rope manufactured in one
continuous operation from one loading of the closing machine
comprising strands, each of which has been produced in one
continuous operation on the stranding machine. A production
length may comprise one or more reels of rope.

NOTE 5—Examples of quality assurance systems are API Q1, ANSI/
ASQC Q9002 and ISO 9002.

Acceptance Tests

8.4 Test Piece—When required by 8.1, one test piece shall
be taken from each production length.

8.5 Test Verification—When requested, the manufacturer
shall allow the purchaser or his representative the opportunity
to witness acceptance tests (when these are performed), or to
examine test records, to verify compliance with this specifica-
tion. Test lengths required by the purchaser should be ordered
as additional lengths.

8.6 Rope:
8.6.1 Diameter—Measurements for diameter shall be taken

on a straight portion of the rope without tension, at two
positions spaced at least three feet (or one meter) apart, and at
each position two diameters at right angles shall be measured.
The average of these four measurements shall be within the
tolerances given in Tables 5 and 6 of this specification. The
permissible differences between any two individual diameter
measurements are given in Tables 7 and 8.

NOTE 6—In case of dispute concerning oversize diameter, the rope shall
be measured under a tension not exceeding 20 % of the minimum
breaking force. If the measurements from this test are within the specified
tolerances, the rope shall be deemed to be within the specified size.

8.6.2 Breaking Force—When measured in accordance with
the method specified in Test Method A 931 or ISO 3108, the
actual (measured) breaking force obtained shall be equal to or
greater than the minimum breaking force required by this
specification. If the minimum breaking force is not achieved,
up to three additional tests shall be permitted. At least one of
the additional tests shall achieve the minimum breaking force
specified. Tables 9-34 show the minimum breaking forces of
the more common classes, sizes, and grades of ropes:

8.6.2.1 Minimum breaking forces listed apply to uncoated
or drawn-galvanized ropes.
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8.6.2.2 Minimum breaking forces for final-galvanized ropes
are 10 % lower than values listed, except for Tables 21 and 22.

8.6.2.3 Minimum breaking force values for IPS, EIP and
EEIP are given in short tons of 2000 pounds.

8.7 Rope Wires:
8.7.1 General—Wires shall be tested for diameter, tensile

strength, torsions, and, where applicable, metallic coating in
accordance with the methods in Specification A 1007 or ISO
2232. The manufacturer shall have the option to test wires
either before or after fabrication of the rope.

NOTE 7—After fabrication wire testing is not applicable to compacted
strand ropes or swaged (compacted) ropes.

8.7.2 Sampling—All main wires from the equivalent of one
complete strand of each layer, strand diameter and strand
construction, including steel rope core, shall be tested. If there
are more than eight strands of one diameter in one layer, then
two strands of that diameter shall be tested.

8.7.3 For the purpose of evaluating the test results, the rope
manufacturer shall record the nominal diameters and tensile
grades of the wires.

8.7.3.1 The sample selected shall be of sufficient length to
allow for retest.

8.7.3.2 The wires shall be selected at random.
8.7.3.3 Filler wires and center wires shall be excluded from

this test.
8.7.4 Levels of Acceptance:
8.7.4.1 Wire before Fabrication—Wire samples tested be-

fore fabrication shall meet the requirements for the size and
grade (level) specified by the supplier and as found in the
appropriate wire specification.

8.7.4.2 Wire after Fabrication—For each requirement, a
maximum of 5 % of wires tested is permitted to lie outside the
values specified, rounded to the nearest whole number of wires.

Failure of the same wire to satisfy more than one requirement
shall be considered as a single failure.

(a) Diameter—The diameter of 5 % of the wires may
exceed, by up to 50 %, the specified tolerance for the nominal
diameter.

(b) Tensile Strength—When tested in accordance with the
requirements of Specification A 1007, the measured values
shall be within the tolerance specified with an additional
tolerance of 7000 psi (50 N/mm2) below the minimum value.
The measured value of wire diameters less than 0.020 in. (0.5
mm) shall be greater than the minimum values specified in the
appropriate wire specification.

(c) Torsion—When tested in accordance with the require-
ments of Specification A 1007, the measured values of wires of
0.020 in. (0.5 mm) diameter and greater shall be at least 85 %
of the values specified, rounded down to the next whole
number. The measured value of wire diameters less than 0.020
in. (0.5 mm) shall be greater than the minimum values
specified.

9. Packaging and Identification

9.1 Packaging—Unless otherwise specified by the pur-
chaser, ropes shall be supplied in coils or on reels at the
discretion of the manufacturer.

9.2 Identification—Each package of rope shall be legibly
identified with the following information, as a minimum:

9.2.1 Rope supplier and address,
9.2.2 Rope length and description, and
9.2.3 Number traceable to manufacturer’s production

length.

10. Keywords

10.1 aircraft cable; cable; steel cable; steel rope; utility
cable; wire rope

A 1023/A 1023M – 02

11



TABLE 10 Classification 6 37 Steel Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

637
SC

Strands 6 Wires 5 to 9
Outer Strands 6 Outer Wires 4 to 8
Layer of Strands 1 Layer of Wires 1

Wires in Rope 30 to 54
Typical Examples Number of Outer Wires

Rope Strand Total Per Strand
637 1–6 36 6

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm lb/ft kg/m
IPS 1770 EIP 1960 Min. Max.

Tons kN Tons kN in. in.

6 0.10 0.144 22.9 25.3 0.236 0.250
1⁄4 0.11 0.161 2.84 3.12 0.250 0.265

7 0.13 0.196 31.1 34.5 0.276 0.292
5⁄16 0.17 0.252 4.41 4.85 0.313 0.331

8 0.17 0.256 40.7 45.0 0.315 0.331
9 0.22 0.324 51.5 57.0 0.354 0.372

3⁄8 0.24 0.363 6.30 6.93 0.375 0.394
10 0.27 0.400 63.5 70.4 0.394 0.413
11 0.33 0.484 76.9 85.1 0.433 0.455

7⁄16 0.33 0.494 8.52 9.37 0.438 0.459
12 0.39 0.576 91.5 101 0.472 0.496

1⁄2 0.43 0.645 11.1 12.2 0.500 0.525
13 0.45 0.676 107 119 0.512 0.537
14 0.53 0.784 125 138 0.551 0.579

9⁄16 0.55 0.817 14.0 15.4 0.563 0.591
5⁄8 0.68 1.008 17.1 18.8 0.625 0.656

16 0.69 1.024 163 180 0.630 0.661
18 0.87 1.296 206 228 0.709 0.744
19 0.97 1.444 229 254 0.748 0.785

3⁄4 0.98 1.452 24.4 26.8 0.750 0.788
20 1.08 1.600 254 281 0.787 0.827
22 1.30 1.936 308 341 0.866 0.909

7⁄8 1.33 1.976 33.0 36.3 0.875 0.919
24 1.55 2.304 366 405 0.945 0.992

1 1.73 2.581 42.7 47.0 1.000 1.050
26 1.82 2.704 430 476 1.024 1.075
28 2.11 3.136 498 552 1.102 1.157

11⁄8 2.19 3.266 53.5 58.9 1.125 1.181
11⁄4 2.71 4.032 65.6 72.2 1.250 1.313

32 2.75 4.096 651 721 1.260 1.323
13⁄8 3.28 4.879 78.6 86.5 1.375 1.444

36 3.48 5.184 824 912 1.417 1.488
11⁄2 3.90 5.806 92.7 102 1.500 1.575

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.
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TABLE 11 Classification 6 37 Fiber Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

637
FC

Strands 6 Wires 5 to 9

Outer Strands 6 Outer Wires 4 to 8

Layer of Strands 1 Layer of Wires 1

Wires in Rope 30 to 54

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand

637 1–6 36 6

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm lb/ft kg/m
IPS 1770 EIP 1960 Min. Max.

Tons kN Tons kN in. in.

6 0.08 0.124 21.2 23.4 0.236 0.248
1⁄4 0.09 0.139 2.64 2.90 0.250 0.263

7 0.11 0.169 28.8 31.9 0.276 0.289
5⁄16 0.15 0.217 4.10 4.51 0.313 0.328

8 0.15 0.221 37.6 41.6 0.315 0.331
9 0.19 0.279 47.6 52.7 0.354 0.372

3⁄8 0.21 0.313 5.86 6.45 0.375 0.394
10 0.23 0.345 58.8 65.1 0.394 0.413
11 0.28 0.417 71.1 78.7 0.433 0.455

7⁄16 0.29 0.426 7.93 8.72 0.438 0.459
12 0.33 0.497 84.6 93.7 0.472 0.496

1⁄2 0.37 0.556 10.3 11.3 0.500 0.525
13 0.39 0.583 99.3 110 0.512 0.537
14 0.45 0.676 115 128 0.551 0.579

9⁄16 0.47 0.704 13.0 14.3 0.563 0.591
5⁄8 0.58 0.869 15.9 0.625 0.656

16 0.59 0.883 150 167 0.630 0.661
18 0.75 1.118 190 211 0.709 0.744
19 0.84 1.245 212 235 0.748 0.785

3⁄4 0.84 1.252 22.7 25.0 0.750 0.788
20 0.93 1.380 235 260 0.787 0.827
22 1.12 1.670 284 315 0.866 0.909

7⁄8 1.15 1.704 30.7 33.8 0.875 0.919
24 1.34 1.987 338 375 0.945 0.992

1 1.50 2.226 39.7 43.7 1.000 1.050
26 1.57 2.332 397 440 1.024 1.075
28 1.82 2.705 461 510 1.102 1.157

11⁄8 1.89 2.817 49.8 54.8 1.125 1.181
11⁄4 2.34 3.478 61.0 67.1 1.250 1.313

32 2.37 3.533 602 666 1.260 1.323
13⁄8 2.83 4.208 73.1 80.4 1.375 1.444

36 3.00 4.471 762 843 1.417 1.488
11⁄2 3.37 5.008 86.2 94.8 1.500 1.575

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.
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TABLE 12 Classification 6 319 Steel Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

6319 Seale
IWRC

6325 filler wire
IWRC

Strands 6 Wires 15 to 26

Outer Strands 6 Outer Wires 7 to 12

Layer of Strands 1 Layer of Wires 2 to 3

Wires in Rope 90 to 156

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand

6319S
6321F
6326WS
6319W
6325F

1–9–9
1–5–5F–10
1–5–(5+5)–10
1–6–(6+6)
1–6–6F–12

54
60
60
72
72

9
10
10
12
12

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm lb/ft kg/m
IPS 1770 EIP 1960 EEIP 2160 Min. Max.

Tons kN Tons kN Tons kN in. in.

6 0.10 0.153 22.7 25.1 27.7 0.236 0.250
1⁄4 0.12 0.172 2.94 3.40 0.250 0.265

7 0.14 0.209 30.9 34.2 37.7 0.276 0.292
5⁄16 0.18 0.268 4.58 5.27 0.313 0.331

8 0.18 0.273 40.3 44.7 49.2 0.315 0.331
9 0.23 0.345 51.0 56.5 62.3 0.354 0.372

3⁄8 0.26 0.386 6.56 7.55 8.30 0.375 0.394
10 0.29 0.426 63.0 69.8 76.9 0.394 0.413
11 0.35 0.515 76.2 84.4 93.0 0.433 0.455

7⁄16 0.35 0.526 8.89 10.2 11.2 0.438 0.459
12 0.41 0.613 90.7 100 111 0.472 0.496

1⁄2 0.46 0.687 11.5 13.3 14.6 0.500 0.525
13 0.48 0.720 106 118 130 0.512 0.537
14 0.56 0.835 124 137 151 0.551 0.579

9⁄16 0.58 0.870 14.5 16.8 18.5 0.563 0.591
5⁄8 0.72 1.074 17.7 20.6 22.7 0.625 0.656

16 0.73 1.091 161 179 197 0.630 0.661
18 0.93 1.380 204 226 249 0.709 0.744
19 1.03 1.538 227 252 278 0.748 0.785

3⁄4 1.04 1.546 25.6 29.4 32.4 0.750 0.788
20 1.15 1.704 252 279 308 0.787 0.827
22 1.39 2.062 305 338 372 0.866 0.909

7⁄8 1.41 2.104 34.6 39.8 43.8 0.875 0.919
24 1.65 2.454 363 402 443 0.945 0.992

1 1.85 2.748 44.9 51.7 56.9 1.000 1.050
26 1.94 2.880 426 472 520 1.024 1.075
28 2.24 3.340 494 547 603 1.102 1.157

11⁄8 2.34 3.478 56.5 65.0 71.5 1.125 1.181
11⁄4 2.89 4.294 69.4 79.9 87.9 1.250 1.313

32 2.93 4.362 645 715 787 1.260 1.323
13⁄8 3.49 5.196 83.5 96.0 106 1.375 1.444

36 3.71 5.521 817 904 997 1.417 1.488
11⁄2 4.16 6.184 98.9 114 125 1.500 1.575

40 4.58 6.816 1008 1116 1230 1.575 1.654
15⁄8 4.88 7.257 115 132 146 1.625 1.706

44 5.54 8.247 1220 1351 1489 1.732 1.819
13⁄4 5.66 8.417 133 153 169 1.750 1.838
17⁄8 6.49 9.662 152 174 192 1.875 1.969

48 6.60 9.815 1452 1608 1772 1.890 1.984
2 7.39 10.994 172 198 217 2.000 2.100

52 7.74 11.519 1704 1887 2079 2.047 2.150
21⁄8 8.34 12.411 192 221 243 2.125 2.231

56 8.98 13.359 1976 2188 2411 2.205 2.315
21⁄4 9.35 13.914 215 247 272 2.250 2.363

60 10.31 15.336 2268 2512 2768 2.362 2.480
23⁄8 10.42 15.503 239 274 301 2.375 2.494

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.
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TABLE 13 Classification 6 319 Fiber Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

6321
fiber wire

FC

6325
fiber wire

FC

Strands 6 Wires 15 to 26

Outer Strands 6 Outer Wires 7 to 12

Layer of Strands 1 Layer of Wires 2 to 3

Wires in Rope 90 to 156

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand

6319S
6321F
6326WS
6319W
6325F

1–9–9
1–5–5F–10
1–5–(5+5)–10
1–6–(6+6)
1–6–6F–12

54
60
60
72
72

9
10
10
12
12

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm lb/ft kg/m
IPS 1770 EIP 1960 EEIP 2160 Min. Max.

Tons kN Tons kN Tons kN in. in.

6 0.09 0.140 21.0 23.3 25.7 0.236 0.250
1⁄4 0.11 0.156 2.74 3.01 0.250 0.265

7 0.13 0.190 28.6 31.7 34.9 0.276 0.292
5⁄16 0.16 0.244 4.26 4.69 0.313 0.331

8 0.17 0.248 37.4 41.4 45.6 0.315 0.331
9 0.21 0.314 47.3 52.4 57.7 0.354 0.372

3⁄8 0.24 0.352 6.10 6.71 7.38 0.375 0.394
10 0.26 0.388 58.4 64.7 71.3 0.394 0.413
11 0.32 0.469 70.7 78.3 86.2 0.433 0.455

7⁄16 0.32 0.479 8.27 9.10 10.0 0.438 0.459
12 0.38 0.559 84.1 93.1 103 0.472 0.496

1⁄2 0.42 0.626 10.7 11.8 12.9 0.500 0.525
13 0.44 0.656 98.7 109 120 0.512 0.537
14 0.51 0.760 114 127 140 0.551 0.579

9⁄16 0.53 0.792 13.5 14.9 16.3 0.563 0.591
5⁄8 0.66 0.978 16.7 18.4 20.2 0.625 0.656

16 0.67 0.993 150 166 182 0.630 0.661
18 0.84 1.257 189 210 231 0.709 0.744
19 0.94 1.401 211 233 257 0.748 0.785

3⁄4 0.95 1.408 23.8 26.2 28.8 0.750 0.788
20 1.04 1.552 234 259 285 0.787 0.827
22 1.26 1.878 283 313 345 0.866 0.909

7⁄8 1.29 1.917 32.2 35.4 39.0 0.875 0.919
24 1.50 2.235 336 373 411 0.945 0.992

1 1.68 2.503 41.8 46.0 50.6 1.000 1.050
26 1.76 2.623 395 437 482 1.024 1.075
28 2.04 3.042 458 507 559 1.102 1.157

11⁄8 2.13 3.168 52.6 57.9 63.6 1.125 1.181
11⁄4 2.63 3.911 64.6 71.1 78.2 1.250 1.313

32 2.67 3.973 598 662 730 1.260 1.323
13⁄8 3.18 4.733 77.7 85.5 94.0 1.375 1.444

36 3.38 5.028 757 838 924 1.417 1.488
11⁄2 3.78 5.632 92.0 101 111 1.500 1.575

40 4.17 6.208 935 1035 1140 1.575 1.654
15⁄8 4.44 6.610 107 118 129 1.625 1.706

44 5.05 7.512 1131 1252 1380 1.732 1.819
13⁄4 5.15 7.666 124 136 150 1.750 1.838
17⁄8 5.91 8.800 141 155 171 1.875 1.969

48 6.01 8.940 1346 1490 1642 1.890 1.984
2 6.73 10.013 160 176 194 2.000 2.100

52 7.05 10.492 1579 1749 1927 2.047 2.150
21⁄8 7.60 11.304 179 197 217 2.125 2.231

56 8.18 12.168 1832 2028 2235 2.205 2.315
21⁄4 8.52 12.673 200 220 242 2.250 2.363

60 9.39 13.968 2103 2328 2566 2.362 2.480
23⁄8 9.49 14.120 222 244 269 2.375 2.494

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02

15



TABLE 14 Classification 6 336 Steel Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

6331
Warrington Seale

IWRC

6341
Warrington Seale

IWRC

Strands 6 Wires 27 to 49

Outer Strands 6 Outer Wires 12 to 18

Layer of Strands 1 Layer of Wires 3 to 4

Wires in Rope
(excluding steel core)

156 to 276

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand

6331WS
6336WS
6341WS
6341SF
6349SWS
6346WS

1–6–(6+6)–12
1–7–(7+7)–14
1–8–(8+8)–16
1–8–8–8F–16
1–8–8–(8+8)–16
1–9–(9+9)–18

72
84
96
96
96
108

12
14
16
16
16
18

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm lb/ft kg/m
IPS 1770 EIP 1960 EEIP 2160 Min. Max.

Tons kN Tons kN Tons kN in. in.

6 0.10 0.153 22.7 25.1 27.7 0.236 0.250
1⁄4 0.12 0.172 2.94 3.40 0.250 0.265

7 0.14 0.209 30.9 34.2 37.7 0.276 0.292
5⁄16 0.18 0.268 4.58 5.27 0.313 0.331

8 0.18 0.273 40.3 44.7 49.2 0.315 0.331
9 0.23 0.345 51.0 56.5 62.3 0.354 0.372

3⁄8 0.26 0.386 6.56 7.55 8.30 0.375 0.394
10 0.29 0.426 63.0 69.8 76.9 0.394 0.413
11 0.35 0.515 76.2 84.4 93.0 0.433 0.455

7⁄16 0.35 0.526 8.89 10.2 11.2 0.438 0.459
12 0.41 0.613 90.7 100 111 0.472 0.496

1⁄2 0.46 0.687 11.5 13.3 14.6 0.500 0.525
13 0.48 0.720 106 118 130 0.512 0.537
14 0.56 0.835 124 137 151 0.551 0.579

9⁄16 0.58 0.870 14.5 16.8 18.5 0.563 0.591
5⁄8 0.72 1.074 17.7 20.6 22.7 0.625 0.656

16 0.73 1.091 161 179 197 0.630 0.661
18 0.93 1.380 204 226 249 0.709 0.744
19 1.03 1.538 227 252 278 0.748 0.785

3⁄4 1.04 1.546 25.6 29.4 32.4 0.750 0.788
20 1.15 1.704 252 279 308 0.787 0.827
22 1.39 2.062 305 338 372 0.866 0.909

7⁄8 1.41 2.104 34.6 39.8 43.8 0.875 0.919
24 1.65 2.454 363 402 443 0.945 0.992

1 1.85 2.748 44.9 51.7 56.9 1.000 1.050
26 1.94 2.880 426 472 520 1.024 1.075
28 2.24 3.340 494 547 603 1.102 1.157

11⁄8 2.34 3.478 56.5 65.0 71.5 1.125 1.181
11⁄4 2.89 4.294 69.4 79.9 87.9 1.250 1.313

32 2.93 4.362 645 715 787 1.260 1.323
13⁄8 3.49 5.196 83.5 96.0 106 1.375 1.444

36 3.71 5.521 817 904 997 1.417 1.488
11⁄2 4.16 6.184 98.9 114 125 1.500 1.575

40 4.58 6.816 1008 1116 1230 1.575 1.654
15⁄8 4.88 7.257 115 132 146 1.625 1.706

44 5.54 8.247 1220 1351 1489 1.732 1.819
13⁄4 5.66 8.417 133 153 169 1.750 1.838
17⁄8 6.49 9.662 152 174 192 1.875 1.969

48 6.60 9.815 1452 1608 1772 1.890 1.984
2 7.39 10.994 172 198 217 2.000 2.100

52 7.74 11.519 1704 1887 2079 2.047 2.150
21⁄8 8.34 12.411 192 221 243 2.125 2.231

56 8.98 13.359 1976 2188 2411 2.205 2.315
21⁄4 9.35 13.914 215 247 272 2.250 2.363

60 10.31 15.336 2268 2512 2768 2.362 2.480
23⁄8 10.42 15.503 239 274 301 2.375 2.494

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02

16



TABLE 15 Classification 6 336 Fiber Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

6336
Warrington Seale

FC

Strands 6 Wires 27 to 49
Outer Strands 6 Outer Wires 12 to 18
Layer of Strands 1 Layer of Wires 3 to 4

Wires in Rope 156 to 276
Typical Examples Number of Outer Wires

Rope Strand Total Per Strand
6331WS
6336WS
6341WS
6341SF
6349SWS
6346WS

1–6–(6+6)–12
1–7–(7+7)–14
1–8–(8+8)–16
1–8–8–8F–16
1–8–8–(8+8)–16
1–9–(9+9)–18

72
84
96
96
96
108

12
14
16
16
16
18

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm lb/ft kg/m
IPS 1770 EIP 1960 EEIP 2160 Min. Max.

Tons kN Tons kN Tons kN in. in.

6 0.09 0.140 21.0 23.3 25.7 0.236 0.250
1⁄4 0.11 0.156 2.74 3.01 0.250 0.265

7 0.13 0.190 28.6 31.7 34.9 0.276 0.292
5⁄16 0.16 0.244 4.26 4.69 0.313 0.331

8 0.17 0.248 37.4 41.4 45.6 0.315 0.331
9 0.21 0.314 47.3 52.4 57.7 0.354 0.372

3⁄8 0.24 0.352 6.10 6.71 7.38 0.375 0.394
10 0.26 0.388 58.4 64.7 71.3 0.394 0.413
11 0.32 0.469 70.7 78.3 86.2 0.433 0.455

7⁄16 0.32 0.479 8.27 9.10 10.0 0.438 0.459
12 0.38 0.559 84.1 93.1 103 0.472 0.496

1⁄2 0.42 0.626 10.7 11.8 12.9 0.500 0.525
13 0.44 0.656 98.7 109 120 0.512 0.537
14 0.51 0.760 114 127 140 0.551 0.579

9⁄16 0.53 0.792 13.5 14.9 16.3 0.563 0.591
5⁄8 0.66 0.978 16.7 18.4 20.2 0.625 0.656

16 0.67 0.993 150 166 182 0.630 0.661
18 0.84 1.257 189 210 231 0.709 0.744
19 0.94 1.401 211 233 257 0.748 0.785

3⁄4 0.95 1.408 23.8 26.2 28.8 0.750 0.788
20 1.04 1.552 234 259 285 0.787 0.827
22 1.26 1.878 283 313 345 0.866 0.909

7⁄8 1.29 1.917 32.2 35.4 39.0 0.875 0.919
24 1.50 2.235 336 373 411 0.945 0.992

1 1.68 2.503 41.8 46.0 50.6 1.000 1.050
26 1.76 2.623 395 437 482 1.024 1.075
28 2.04 3.042 458 507 559 1.102 1.157

11⁄8 2.13 3.168 52.6 57.9 63.6 1.125 1.181
11⁄4 2.63 3.911 64.6 71.1 78.2 1.250 1.313

32 2.67 3.973 598 662 730 1.260 1.323
13⁄8 3.18 4.733 77.7 85.5 94.0 1.375 1.444

36 3.38 5.028 757 838 924 1.417 1.488
11⁄2 3.78 5.632 92.0 101 111 1.500 1.575

40 4.17 6.208 935 1035 1140 1.575 1.654
15⁄8 4.44 6.610 107 118 129 1.625 1.706

44 5.05 7.512 1131 1252 1380 1.732 1.819
13⁄4 5.15 7.666 124 136 150 1.750 1.838
17⁄8 5.91 8.800 141 155 171 1.875 1.969

48 6.01 8.940 1346 1490 1642 1.890 1.984
2 6.73 10.013 160 176 194 2.000 2.100

52 7.05 10.492 1579 1749 1927 2.047 2.150
21⁄8 7.60 11.304 179 197 217 2.125 2.231

56 8.18 12.168 1832 2028 2235 2.205 2.315
21⁄4 8.52 12.673 200 220 242 2.250 2.363

60 9.39 13.968 2103 2328 2566 2.362 2.480
23⁄8 9.49 14.120 222 244 269 2.375 2.494

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02

17



TABLE 16 Classification 7 319 Steel Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

7325
filler wire

IWRC

Strands 7 Wires 15 to 26
Outer Strands 7 Outer Wires 7 to 12
Layer of Strands 1 Layer of Wires 2 to 3

Wires in Rope 105 to 182
Typical Examples Number of Outer Wires

Rope Strand Total Per Strand
7319S
7321F
7326WS
7319W
7325F

1–9–9
1–5–5F–10
1–5–(5+5)–10
1–6–(6+6)
1–6–6F–12

63
70
70
84
84

9
10
10
12
12

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm lb/ft kg/m
IPS 1770 EIP 1960 EEIP 2160 Min. Max.

Tons kN Tons kN Tons kN in. in.

6 0.11 0.157 22.7 25.1 27.7 0.236 0.250
1⁄4 0.12 0.176 2.94 3.40 0.250 0.265

7 0.14 0.214 30.9 34.2 37.7 0.276 0.292
5⁄16 0.19 0.275 4.58 5.27 0.313 0.331

8 0.19 0.280 40.3 44.7 49.2 0.315 0.331
9 0.24 0.354 51.0 56.5 62.3 0.354 0.372

3⁄8 0.27 0.396 6.56 7.55 8.30 0.375 0.394
10 0.29 0.437 63.0 69.8 76.9 0.394 0.413
11 0.36 0.529 76.2 84.4 93.0 0.433 0.455

7⁄16 0.36 0.540 8.89 10.2 11.2 0.438 0.459
12 0.42 0.629 90.7 100 111 0.472 0.496

1⁄2 0.47 0.705 11.5 13.3 14.6 0.500 0.525
13 0.50 0.739 106 118 130 0.512 0.537
14 0.58 0.857 124 137 151 0.551 0.579

9⁄16 0.60 0.892 14.5 16.8 18.5 0.563 0.591
5⁄8 0.74 1.101 17.7 20.6 22.7 0.625 0.656

16 0.75 1.119 161 179 197 0.630 0.661
18 0.95 1.416 204 226 249 0.709 0.744
19 1.06 1.578 227 252 278 0.748 0.785

3⁄4 1.07 1.586 25.6 29.4 32.4 0.750 0.788
20 1.17 1.748 252 279 308 0.787 0.827
22 1.42 2.115 305 338 372 0.866 0.909

7⁄8 1.45 2.159 34.6 39.8 43.8 0.875 0.919
24 1.69 2.517 363 402 443 0.945 0.992

1 1.89 2.819 44.9 51.7 56.9 1.000 1.050
26 1.99 2.954 426 472 520 1.024 1.075
28 2.30 3.426 494 547 603 1.102 1.157

11⁄8 2.40 3.568 56.5 65.0 71.5 1.125 1.181
11⁄4 2.96 4.405 69.4 79.9 87.9 1.250 1.313

32 3.01 4.475 645 715 787 1.260 1.323
13⁄8 3.58 5.330 83.5 96.0 106 1.375 1.444

36 3.81 5.664 817 904 997 1.417 1.488
11⁄2 4.26 6.344 98.9 114 125 1.500 1.575

40 4.70 6.992 1008 1116 1230 1.575 1.654
15⁄8 5.00 7.445 115 132 146 1.625 1.706

44 5.69 8.460 1220 1351 1489 1.732 1.819
13⁄4 5.80 8.634 133 153 169 1.750 1.838
17⁄8 6.66 9.912 152 174 192 1.875 1.969

48 6.77 10.068 1452 1608 1772 1.890 1.984
2 7.58 11.277 172 198 217 2.000 2.100

52 7.94 11.816 1704 1887 2079 2.047 2.150
21⁄8 8.56 12.731 192 221 243 2.125 2.231

56 9.21 13.704 1976 2188 2411 2.205 2.315
21⁄4 9.59 14.273 215 247 272 2.250 2.363

60 10.57 15.732 2268 2512 2768 2.362 2.480
23⁄8 10.69 15.903 239 274 301 2.375 2.494

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02

18



TABLE 17 Classification 7 336 Steel Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

7336
Warrington Seale

IWRC

Strands 7 Wires 27 to 49
Outer Strands 7 Outer Wires 12 to 18
Layer of Strands 1 Layer of Wires 3 to 4

Wires in Rope 189 to 343
Typical Examples Number of Outer Wires

Rope Strand Total Per Strand
7331WS
7336WS
7341WS
7341SF
7349SWS
7346WS

1–6–(6+6)–12
1–7–(7+7)–14
1–8–(8+8)–16
1–8–8–8F–16
1–8–8–(8+8)–16
1–9–(9+9)–18

84
98
112
112
112
126

12
14
16
16
16
18

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm lb/ft kg/m
IPS 1770 EIP 1960 EEIP 2160 Min. Max.

Tons kN Tons kN Tons kN in. in.

6 0.11 0.157 22.7 25.1 27.7 0.236 0.250
1⁄4 0.12 0.176 2.94 3.40 0.250 0.265

7 0.14 0.214 30.9 34.2 37.7 0.276 0.292
5⁄16 0.19 0.275 4.58 5.27 0.313 0.331

8 0.19 0.280 40.3 44.7 49.2 0.315 0.331
9 0.24 0.354 51.0 56.5 62.3 0.354 0.372

3⁄8 0.27 0.396 6.56 7.55 8.30 0.375 0.394
10 0.29 0.437 63.0 69.8 76.9 0.394 0.413
11 0.36 0.529 76.2 84.4 93.0 0.433 0.455

7⁄16 0.36 0.540 8.89 10.2 11.2 0.438 0.459
12 0.42 0.629 90.7 100 111 0.472 0.496

1⁄2 0.47 0.705 11.5 13.3 14.6 0.500 0.525
13 0.50 0.739 106 118 130 0.512 0.537
14 0.58 0.857 124 137 151 0.551 0.579

9⁄16 0.60 0.892 14.5 16.8 18.5 0.563 0.591
5⁄8 0.74 1.101 17.7 20.6 22.7 0.625 0.656

16 0.75 1.119 161 179 197 0.630 0.661
18 0.95 1.416 204 226 249 0.709 0.744
19 1.06 1.578 227 252 278 0.748 0.785

3⁄4 1.07 1.586 25.6 29.4 32.4 0.750 0.788
20 1.17 1.748 252 279 308 0.787 0.827
22 1.42 2.115 305 338 372 0.866 0.909

7⁄8 1.45 2.159 34.6 39.8 43.8 0.875 0.919
24 1.69 2.517 363 402 443 0.945 0.992

1 1.89 2.819 44.9 51.7 56.9 1.000 1.050
26 1.99 2.954 426 472 520 1.024 1.075
28 2.30 3.426 494 547 603 1.102 1.157

11⁄8 2.40 3.568 56.5 65.0 71.5 1.125 1.181
11⁄4 2.96 4.405 69.4 79.9 87.9 1.250 1.313

32 3.01 4.475 645 715 787 1.260 1.323
13⁄8 3.58 5.330 83.5 96.0 106 1.375 1.444

36 3.81 5.664 817 904 997 1.417 1.488
11⁄2 4.26 6.344 98.9 114 125 1.500 1.575

40 4.70 6.992 1008 1116 1230 1.575 1.654
15⁄8 5.00 7.445 115 132 146 1.625 1.706

44 5.69 8.460 1220 1351 1489 1.732 1.819
13⁄4 5.80 8.634 133 153 169 1.750 1.838
17⁄8 6.66 9.912 152 174 192 1.875 1.969

48 6.77 10.068 1452 1608 1772 1.890 1.984
2 7.58 11.277 172 198 217 2.000 2.100

52 7.94 11.816 1704 1887 2079 2.047 2.150
21⁄8 8.56 12.731 192 221 243 2.125 2.231

56 9.21 13.704 1976 2188 2411 2.205 2.315
21⁄4 9.59 14.273 215 247 272 2.250 2.363

60 10.57 15.732 2268 2512 2768 2.362 2.480
23⁄8 10.69 15.903 239 274 301 2.375 2.494

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02

19



TABLE 18 Classification 8 319 Steel Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

6319 Seale
IWRC

8325
Filler Wire

IWRC

Strands 8 Wires 15 to 26

Outer Strands 8 Outer Wires 7 to 12

Layer of Strands 1 Layer of Wires 2 to 3

Wires in Rope
(excluding steel core)

120 to 232

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand

8319S
8321F
8326WS
8319W
8325F

1–9–9
1–5–5F–10
1–5–(5+5)–10
1–6–(6+6)
1–6–6F–12

72
80
80
96
96

9
10
10
12
12

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm lb/ft kg/m
IPS 1770 EIP 1960 EEIP 2160 Min. Max.

Tons kN Tons kN Tons kN in. in.

6 0.11 0.161 22.7 25.1 27.7 0.236 0.250
1⁄4 0.12 0.180 2.94 3.40 0.250 0.265

7 0.15 0.219 30.9 34.2 37.7 0.276 0.292
5⁄16 0.19 0.281 4.58 5.27 0.313 0.331

8 0.19 0.285 40.3 44.7 49.2 0.315 0.331
9 0.24 0.361 51.0 56.5 62.3 0.354 0.372

3⁄8 0.27 0.405 6.56 7.55 8.30 0.375 0.394
10 0.30 0.446 63.0 69.8 76.9 0.394 0.413
11 0.36 0.540 76.2 84.4 93.0 0.433 0.455

7⁄16 0.37 0.551 8.89 10.2 11.2 0.438 0.459
12 0.43 0.642 90.7 100 111 0.472 0.496

1⁄2 0.48 0.719 11.5 13.3 14.6 0.500 0.525
13 0.51 0.754 106 118 130 0.512 0.537
14 0.59 0.874 124 137 151 0.551 0.579

9⁄16 0.61 0.910 14.5 16.8 18.5 0.563 0.591
5⁄8 0.76 1.124 17.7 20.6 22.7 0.625 0.656

16 0.77 1.142 161 179 197 0.630 0.661
18 0.97 1.445 204 226 249 0.709 0.744
19 1.08 1.610 227 252 278 0.748 0.785

3⁄4 1.09 1.619 25.6 29.4 32.4 0.750 0.788
20 1.20 1.784 252 279 308 0.787 0.827
22 1.45 2.159 305 338 372 0.866 0.909

7⁄8 1.48 2.203 34.6 39.8 43.8 0.875 0.919
24 1.73 2.569 363 402 443 0.945 0.992

1 1.93 2.877 44.9 51.7 56.9 1.000 1.050
26 2.03 3.015 426 472 520 1.024 1.075
28 2.35 3.497 494 547 603 1.102 1.157

11⁄8 2.45 3.642 56.5 65.0 71.5 1.125 1.181
11⁄4 3.02 4.496 69.4 79.9 87.9 1.250 1.313

32 3.07 4.567 645 715 787 1.260 1.323
13⁄8 3.66 5.440 83.5 96.0 106 1.375 1.444

36 3.88 5.780 817 904 997 1.417 1.488
11⁄2 4.35 6.474 98.9 114 125 1.500 1.575

40 4.80 7.136 1008 1116 1230 1.575 1.654
15⁄8 5.11 7.598 115 132 146 1.625 1.706

44 5.80 8.635 1220 1351 1489 1.732 1.819
13⁄4 5.92 8.812 133 153 169 1.750 1.838
17⁄8 6.80 10.116 152 174 192 1.875 1.969

48 6.91 10.276 1452 1608 1772 1.890 1.984
2 7.73 11.510 172 198 217 2.000 2.100

52 8.10 12.060 1704 1887 2079 2.047 2.150
21⁄8 8.73 12.993 192 221 243 2.125 2.231

56 9.40 13.987 1976 2188 2411 2.205 2.315
21⁄4 9.79 14.567 215 247 272 2.250 2.363

60 10.79 16.056 2268 2512 2768 2.362 2.480
23⁄8 10.91 16.230 239 274 301 2.375 2.494

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02
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TABLE 19 Classification 8 336 Steel Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

8331
Warrington Seale

IWRC

Strands 8 Wires 29 to 57
Outer Strands 8 Outer Wires 12 to 18
Layer of Strands 1 Layer of Wires 3 to 4

Wires in Rope
(excluding steel core)

232 to 456

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand
8331WS
8336WS
8341WS
8341SF
8349SWS
8346WS

1–6–(6+6)–12
1–7–(7+7)–14
1–8–(8+8)–16
1–8–8–8F–16
1–8–8–(8+8)–16
1–9–(9+9)–18

96
112
128
128
128
144

12
14
16
16
16
18

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm lb/ft kg/m
IPS 1770 EIP 1960 EEIP 2160 Min. Max.

Tons kN Tons kN Tons kN in. in.

6 0.11 0.161 22.7 25.1 27.7 0.236 0.250
1⁄4 0.12 0.180 2.94 3.40 0.250 0.265

7 0.15 0.219 30.9 34.2 37.7 0.276 0.292
5⁄16 0.19 0.281 4.58 5.27 0.313 0.331

8 0.19 0.285 40.3 44.7 49.2 0.315 0.331
9 0.24 0.361 51.0 56.5 62.3 0.354 0.372

3⁄8 0.27 0.405 6.56 7.55 8.30 0.375 0.394
10 0.30 0.446 63.0 69.8 76.9 0.394 0.413
11 0.36 0.540 76.2 84.4 93.0 0.433 0.455

7⁄16 0.37 0.551 8.89 10.2 11.2 0.438 0.459
12 0.43 0.642 90.7 100 111 0.472 0.496

1⁄2 0.48 0.719 11.5 13.3 14.6 0.500 0.525
13 0.51 0.754 106 118 130 0.512 0.537
14 0.59 0.874 124 137 151 0.551 0.579

9⁄16 0.61 0.910 14.5 16.8 18.5 0.563 0.591
5⁄8 0.76 1.124 17.7 20.6 22.7 0.625 0.656

16 0.77 1.142 161 179 197 0.630 0.661
18 0.97 1.445 204 226 249 0.709 0.744
19 1.08 1.610 227 252 278 0.748 0.785

3⁄4 1.09 1.619 25.6 29.4 32.4 0.750 0.788
20 1.20 1.784 252 279 308 0.787 0.827
22 1.45 2.159 305 338 372 0.866 0.909

7⁄8 1.48 2.203 34.6 39.8 43.8 0.875 0.919
24 1.73 2.569 363 402 443 0.945 0.992

1 1.93 2.877 44.9 51.7 56.9 1.000 1.050
26 2.03 3.015 426 472 520 1.024 1.075
28 2.35 3.497 494 547 603 1.102 1.157

11⁄8 2.45 3.642 56.5 65.0 71.5 1.125 1.181
11⁄4 3.02 4.496 69.4 79.9 87.9 1.250 1.313

32 3.07 4.567 645 715 787 1.260 1.323
13⁄8 3.66 5.440 83.5 96.0 106 1.375 1.444

36 3.88 5.780 817 904 997 1.417 1.488
11⁄2 4.35 6.474 98.9 114 125 1.500 1.575

40 4.80 7.136 1008 1116 1230 1.575 1.654
15⁄8 5.11 7.598 115 132 146 1.625 1.706

44 5.80 8.635 1220 1351 1489 1.732 1.819
13⁄4 5.92 8.812 133 153 169 1.750 1.838
17⁄8 6.80 10.116 152 174 192 1.875 1.969

48 6.91 10.276 1452 1608 1772 1.890 1.984
2 7.73 11.510 172 198 217 2.000 2.100

52 8.10 12.060 1704 1887 2079 2.047 2.150
21⁄8 8.73 12.993 192 221 243 2.125 2.231

56 9.40 13.987 1976 2188 2411 2.205 2.315
21⁄4 9.79 14.567 215 247 272 2.250 2.363

60 10.79 16.056 2268 2512 2768 2.362 2.480
23⁄8 10.91 16.230 239 274 301 2.375 2.494

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02
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TABLE 20 Classification 8 319 Rotation Resistant—Category 3

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

8319
Seale
IWRC

8325
Filler Wire

IWRC

Strands 8 Wires 15 to 26

Outer Strands 8 Outer Wires 7 to 12

Layer of Strands 1 Layer of Wires 2 to 3

Wires in Rope
(excluding steel core)

120 to 232

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand

8319S
8321F
8326WS
8319W
8325F

1–9–9
1–5–5F-10
1–5–(5+5)–10
1–6–(6+6)
1–6–6F–12

72
80
80
96
96

9
10
10
12
12

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm lb/ft kg/m
IPS EIP EEIP Min. Max.

Tons Tons Tons in. in.

1⁄2 12.7 0.47 0.700 10.1 11.6 12.8 0.500 0.525
9⁄16 14.3 0.60 0.886 12.8 14.7 16.2 0.563 0.591
5⁄8 15.9 0.74 1.094 15.7 18.1 19.9 0.625 0.656
3⁄4 19.1 1.06 1.575 22.5 25.9 28.5 0.750 0.788
7⁄8 22.2 1.44 2.144 30.5 35.0 38.5 0.875 0.919
1 25.4 1.88 2.800 39.6 45.5 50.1 1.000 1.050

11⁄8 28.6 2.38 3.544 49.8 57.3 63.0 1.125 1.181
11⁄4 31.8 2.94 4.375 61.3 70.5 77.6 1.250 1.313
13⁄8 34.9 3.56 5.294 73.8 84.9 93.4 1.375 1.444
11⁄2 38.1 4.23 6.300 87.3 100 110 1.500 1.575

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02
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TABLE 21 Classification 19 37 Rotation Resistant–Category 2

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

1837
FC

1937

Strands 17 to 18 Wires 5 to 7

Outer Strands 10 to 13 Outer Wires 4 to 6

Layer of Strands 2 Layer of Wires 1

Wires in Rope
(excluding steel core)

85 to 126

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand

1737
1837
1937

1–6
1–6
1–6

66
72
72

6
6
6

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm
Fiber WSC IPS 1770 EIP 1960 Min. Max.

lb/ft kg/m lb/ft kg/m Tons kN Tons kN in. in.

6 0.10 0.144 0.10 0.151 20.9 23.1 0.236 0.248
1⁄4 0.11 0.161 0.11 0.169 2.51 2.77 0.250 0.263

7 0.13 0.196 0.14 0.205 28.4 31.5 0.276 0.289
5⁄16 0.17 0.251 0.18 0.264 3.90 4.30 0.313 0.328

8 0.17 0.255 0.18 0.268 37.2 41.1 0.315 0.331
9 0.22 0.323 0.23 0.339 47.0 52.1 0.354 0.372

3⁄8 0.24 0.362 0.26 0.380 5.59 6.15 0.375 0.394
10 0.27 0.399 0.28 0.419 58.1 64.3 0.394 0.413
11 0.32 0.483 0.34 0.507 70.2 77.8 0.433 0.455

7⁄16 0.33 0.493 0.35 0.517 7.58 8.33 0.438 0.459
12 0.39 0.575 0.41 0.603 83.6 92.6 0.472 0.496

1⁄2 0.43 0.644 0.45 0.676 9.85 10.8 0.500 0.525
13 0.45 0.674 0.48 0.708 98.1 109 0.512 0.537
14 0.53 0.782 0.55 0.821 114 126 0.551 0.579

9⁄16 0.55 0.814 0.57 0.855 12.4 13.6 0.563 0.591
5⁄8 0.68 1.006 0.71 1.056 15.3 16.8 0.625 0.656

16 0.69 1.021 0.72 1.073 149 165 0.630 0.661
18 0.87 1.293 0.91 1.358 188 208 0.709 0.744
19 0.97 1.440 1.02 1.513 210 232 0.748 0.785

3⁄4 0.97 1.448 1.02 1.521 21.8 24.0 0.750 0.788
20 1.07 1.596 1.13 1.676 232 257 0.787 0.827
22 1.30 1.931 1.36 2.028 281 311 0.866 0.909

7⁄8 1.32 1.971 1.39 2.070 29.5 32.5 0.875 0.919
24 1.54 2.298 1.62 2.413 334 370 0.945 0.992

1 1.73 2.574 1.82 2.703 38.3 42.2 1.000 1.050
26 1.81 2.697 1.90 2.832 392 435 1.024 1.075
28 2.10 3.128 2.21 3.285 455 504 1.102 1.157

11⁄8 2.19 3.258 2.30 3.421 48.2 53.1 1.125 1.181
11⁄4 2.70 4.022 2.84 4.224 59.2 65.1 1.250 1.313

32 2.75 4.086 2.88 4.291 594 658 1.260 1.323
13⁄8 3.27 4.867 3.43 5.111 71.3 78.4 1.375 1.444

36 3.47 5.171 3.65 5.430 752 833 1.417 1.488
11⁄2 3.89 5.792 4.09 6.082 84.4 92.8 1.500 1.575

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02
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TABLE 22 Classification 34 37 Rotation Resistant—Category 2

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

3437

Strands 34 to 36 Wires 5 to 9
Outer Strands 12 to 18 Outer Wires 4 to 8
Layer of Strands 3 Layer of Wires 1

Wires in Rope
(excluding steel core)

170 to 324

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand
3437

17:11/6–C
3637

18:12/6–C

1–6

1–6

102

108

6

6

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm
Fiber WSC 1770 1960 Min. Max.

lb/ft kg/m lb/ft kg/m Tons kN Tons kN in. in.

6 0.09 0.140 0.10 0.144 20.3 22.4 0.236 0.250
1⁄4 0.11 0.157 0.11 0.162 2.55 2.83 0.250 0.265

7 0.13 0.191 0.13 0.196 27.6 30.5 0.276 0.292
5⁄16 0.17 0.246 0.17 0.253 3.99 4.41 0.313 0.331

8 0.17 0.250 0.17 0.257 36.0 39.9 0.315 0.331
9 0.21 0.316 0.22 0.325 45.6 50.5 0.354 0.372

3⁄8 0.24 0.354 0.24 0.364 5.74 6.36 0.375 0.394
10 0.26 0.390 0.27 0.401 56.3 62.3 0.394 0.413
11 0.32 0.472 0.33 0.485 68.1 75.4 0.433 0.455

7⁄16 0.32 0.482 0.33 0.495 7.81 8.65 0.438 0.459
12 0.38 0.562 0.39 0.577 81.1 89.8 0.472 0.496

1⁄2 0.42 0.629 0.43 0.647 10.2 11.3 0.500 0.525
13 0.44 0.659 0.46 0.678 95.1 105.3 0.512 0.537
14 0.51 0.764 0.53 0.786 110 122 0.551 0.579

9⁄16 0.53 0.796 0.55 0.819 12.9 14.3 0.563 0.591
5⁄8 0.66 0.983 0.68 1.011 15.9 17.7 0.625 0.656

16 0.67 0.998 0.69 1.027 144 160 0.630 0.661
18 0.85 1.264 0.87 1.299 182 202 0.709 0.744
19 0.95 1.408 0.97 1.448 203 225 0.748 0.785

3⁄4 0.95 1.415 0.98 1.455 23.0 25.4 0.750 0.788
20 1.05 1.560 1.08 1.604 225 249 0.787 0.827
22 1.27 1.888 1.30 1.941 272 302 0.866 0.909

7⁄8 1.29 1.926 1.33 1.981 31.3 34.6 0.875 0.919
24 1.51 2.246 1.55 2.310 324 359 0.945 0.992

1 1.69 2.516 1.74 2.587 40.8 45.2 1.000 1.050
26 1.77 2.636 1.82 2.711 380 421 1.024 1.075
28 2.05 3.058 2.11 3.144 441 489 1.102 1.157

11⁄8 2.14 3.184 2.20 3.274 51.7 57.2 1.125 1.181
11⁄4 2.64 3.931 2.72 4.042 63.8 70.6 1.250 1.313

32 2.68 3.994 2.76 4.106 576 638 1.260 1.323
13⁄8 3.20 4.757 3.29 4.891 77.2 85.5 1.375 1.444

36 3.40 5.054 3.49 5.197 729 808 1.417 1.488
11⁄2 3.80 5.661 3.91 5.821 91.8 102 1.500 1.575

40 4.19 6.240 4.31 6.416 901 997 1.575 1.654
15⁄8 4.46 6.644 4.59 6.832 108 119 1.625 1.706

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02
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TABLE 23 Classification 35 37 Rotation Resistant—Category 1

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

3537

Strands 35 Wires 5 to 9
Outer Strands 16 Outer Wires 4 to 8
Layer of Strands 3 Layer of Wires 1

Wires in Rope
(excluding steel core)

238

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand
3537 1–6 96 6

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm
WSC 1770 1960 2160 Min. Max.

lb/ft kg/m Tons kN Tons kN Tons kN in. in.

9 0.25 0.369 55.4 60.2 66.6 0.354 0.372
3⁄8 0.28 0.413 6.98 7.46 8.22 0.375 0.394

10 0.31 0.455 69.2 75.4 83.5 0.394 0.413
11 0.37 0.551 83.1 90.6 100 0.433 0.455

7⁄16 0.38 0.562 9.53 10.1 11.2 0.438 0.459
12 0.44 0.655 99.9 106 119 0.472 0.496

1⁄2 0.49 0.734 12.6 13.6 14.6 0.500 0.525
13 0.52 0.769 117 127 142 0.512 0.537
14 0.60 0.892 136 147 165 0.551 0.579

9⁄16 0.62 0.929 15.9 17.3 18.5 0.563 0.591
5⁄8 0.77 1.147 19.7 21.7 22.8 0.625 0.656

16 0.78 1.165 178 193 217 0.630 0.661
18 0.99 1.474 223 241 271 0.709 0.744
19 1.10 1.643 251 275 308 0.748 0.785

3⁄4 1.11 1.651 28.4 30.9 32.9 0.750 0.788
20 1.22 1.820 278 299 336 0.787 0.827
22 1.48 2.202 337 368 413 0.866 0.909

7⁄8 1.51 2.247 38.7 41.6 44.7 0.875 0.919
24 1.76 2.621 401 439 493 0.945 0.992

1 1.97 2.935 50.3 54.4 58.4 1.000 1.050
26 2.07 3.076 469 514 576 1.024 1.075
28 2.40 3.567 549 596 646 1.102 1.157

11⁄8 2.50 3.715 64.3 68.9 73.9 1.125 1.181
11⁄4 3.08 4.587 78.8 86 91.3 1.250 1.313

32 3.13 4.659 711 765 829 1.260 1.323
13⁄8 3.73 5.550 95.4 106 110 1.375 1.444

36 3.96 5.897 906 977 1060 1.417 1.488
11⁄2 4.44 6.605 114 120 131 1.500 1.575

40 4.89 7.280 1112 1200 1300 1.575 1.654
15⁄8 5.21 7.752 134 140 154 1.625 1.706

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02
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TABLE 24 Classification 6 312 Fiber Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

6312
Running Rope

FC

Strands
Outer Strands
Layer of Strands

Wires in Rope
(excluding steel core)

6
6
1
72

Wires
Outer Wires

Layer of Wires

12
12
1

Typical Examples Number of Outer Wires

Rope Strand Total per Strand

6312 FC-12 72 12

Diameter Approx. Mass Minimum Breaking Force Diameter Range

in. mm lb/ft kg/m
IPS Min. Max.

Tons in. in.

5⁄16 7.9 0.10 0.152 2 0.313 0.328
3⁄8 9.5 0.15 0.219 3.36 0.375 0.394

7⁄16 11.1 0.20 0.298 4.55 0.438 0.459
1⁄2 12.7 0.26 0.389 5.91 0.500 0.525

9⁄16 14.3 0.33 0.492 7.45 0.563 0.591
5⁄8 15.9 0.41 0.607 9.16 0.625 0.656
3⁄4 19.1 0.59 0.875 13.1 0.750 0.788

13⁄16 20.6 0.69 1.026 15.3 0.813 0.853
7⁄8 22.2 0.80 1.190 17.7 0.875 0.919
1 25.4 1.04 1.555 23.0 1.000 1.050

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02
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TABLE 25 Classification 6 324 Fiber Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

6324 (2 operation)
Hawser Rope

FC

Strands
Outer Strands
Layer of Strands

Wires in Rope
(excluding steel core)

6
6
1

144

Wires
Outer Wires

Layer of Wires

24
12–16

2

Typical Examples Number of Outer Wires

Rope Strand Total per Strand
6324
6324W
6324S

FC/9/15
FC/8-(8+8)
FC/12-12

90
96
72

15
16
12

Diameter Approx. Mass Minimum Breaking Force Diameter Range

in. mm lb/ft kg/m
IPS Min. Max.

Tons in. in.

3⁄8 9.5 0.19 0.289 4.77 0.375 0.394
1⁄2 12.7 0.34 0.513 8.40 0.500 0.525

9⁄16 14.3 0.44 0.649 10.6 0.563 0.591
5⁄8 15.9 0.54 0.801 13.0 0.625 0.656
3⁄4 19.1 0.78 1.154 18.6 0.750 0.788
7⁄8 22.2 1.06 1.571 25.2 0.875 0.919
1 25.4 1.38 2.052 32.8 1.000 1.050

11⁄8 28.6 1.74 2.597 41.2 1.125 1.181
11⁄4 31.8 2.15 3.206 50.7 1.250 1.313
13⁄8 34.9 2.61 3.879 61.0 1.375 1.444
11⁄2 38.1 3.10 4.616 72.3 1.500 1.575
15⁄8 41.3 3.64 5.418 84.5 1.625 1.706
13⁄4 44.5 4.22 6.283 97.5 1.750 1.838
17⁄8 47.6 4.85 7.213 111 1.875 1.969
2 50.8 5.51 8.206 126 2.000 2.100

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02
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TABLE 26 Classification 6 325 Triangular Strand Fiber Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

6330 Style G
Flattened Strand
(Plaited Center)

FC

6331
Style V

(Brangle Center)
FC

Strands 6 Wires 144

Outer Strands 6 Outer Wires 72

Layer of Strands 1 Layer of Wires 2

Wires in Rope

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand

6325B
6330G
6327H
6331V

1/12/12
(332)/12/12
3/12/12
1–6/12/12

72
72
72
72

12
12
12
12

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm lb/ft kg/m
IPS EIP EEIP Min. Max.

Tons Tons Tons in. in.

1⁄2 12.7 0.45 0.669 11.8 13.0 14.3 0.500 0.525
9⁄16 14.3 0.57 0.847 14.9 16.4 18.0 0.563 0.591
5⁄8 15.9 0.70 1.046 18.3 20.1 22.1 0.625 0.656
3⁄4 19.1 1.01 1.506 26.2 28.8 31.7 0.750 0.788
7⁄8 22.2 1.38 2.050 35.4 38.9 42.8 0.875 0.919
1 25.4 1.80 2.677 46.0 50.6 55.7 1.000 1.050

11⁄8 28.6 2.28 3.389 57.9 63.7 70.1 1.125 1.181
11⁄4 31.8 2.81 4.183 71.0 78.1 85.9 1.250 1.313
13⁄8 34.9 3.40 5.062 85.5 94.1 103 1.375 1.444
11⁄2 38.1 4.05 6.024 101 111 122 1.500 1.575
15⁄8 41.3 4.75 7.070 118 130 143 1.625 1.706
13⁄4 44.5 5.51 8.200 138 152 167 1.750 1.838
17⁄8 47.6 6.33 9.413 155 171 188 1.875 1.969
2 50.8 7.20 10.710 176 194 213 2.000 2.100

21⁄8 54.0 8.12 12.090 196 215 237 2.125 2.231
21⁄4 57.2 9.11 13.554 220 240 264 2.250 2.363
23⁄8 60.3 10.15 15.102 241 265 292 2.375 2.494

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02
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TABLE 27 Classification 6 325 Triangular Strand Steel Core

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

6330 Style G
Flattened Strand
(Plated Center)

IWRC

Strands 6 Wires 144

Outer Strands 6 Outer Wires 72

Layer of Strands 1 Layer of Wires 2
Wires in Rope

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand
6325B
6330G
6327H
6331V

1/12/12
(332)/12/12
3/12/12
1–6/12/12

72
72
72
72

12
12
12
12

Diameter Approx. Mass Minimum Breaking ForceA Diameter Range

in. mm lb/ft kg/m
IPS EIP EEIP Min. Max.

Tons Tons Tons in. in.

1⁄2 12.7 0.47 0.703 12.6 14.0 15.4 0.500 0.525
9⁄16 14.3 0.60 0.890 16.0 17.6 19.4 0.563 0.591
5⁄8 15.9 0.74 1.099 19.6 21.7 23.9 0.625 0.656
3⁄4 19.1 1.06 1.582 28.1 31.0 34.1 0.750 0.788
7⁄8 22.2 1.45 2.154 38.0 41.9 46.1 0.875 0.919
1 25.4 1.89 2.813 49.4 54.4 59.8 1.000 1.050

11⁄8 28.6 2.39 3.560 62.2 68.5 75.4 1.125 1.181
11⁄4 31.8 2.95 4.395 76.3 84.0 92.4 1.250 1.313
13⁄8 34.9 3.57 5.318 91.9 101 111 1.375 1.444
11⁄2 38.1 4.25 6.329 108 119 131 1.500 1.575
15⁄8 41.3 4.99 7.428 127 140 154 1.625 1.706
13⁄4 44.5 5.79 8.615 146 161 177 1.750 1.838
17⁄8 47.6 6.65 9.889 167 184 202 1.875 1.969
2 50.8 7.56 11.252 189 207 228 2.000 2.100

21⁄8 54.0 8.54 12.702 211 232 255 2.125 2.231
21⁄4 57.2 9.57 14.240 237 260 286 2.250 2.363
23⁄8 60.3 10.66 15.867 261 287 316 2.375 2.494

A Minimum breaking force for final-galvanized ropes 10 % lower than values listed.

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02
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TABLE 28 Classification 6 319 Compacted Strand (CS)

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

6326
Warrington Seale

Compacted Strand
IWRC

Strands 6 Wires 15 to 26
Outer Strands 6 Outer Wires 7 to 12
Layer of Strands 1 Layer of Wires 2 to 3

Wires in Rope 90 to 156

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand
6319S
6321F
6326WS
6319W
6325F

1–9–9
1–5–5F–10
1–5–(5+5)–10
1–6–(6+6)
1–6–6F–12

54
60
60
72
72

9
10
10
12
12

Diameter Approx. Mass Minimum Breaking Force Diameter Range

in. mm lb/ft kg/m
EIP 1960 EEIP 2160 Min. Max.

Tons kN Tons kN in. in.

3⁄8 0.282 0.419 8.30 9.13 0.375 0.394
10 0.310 0.462 85.3 91.5 0.394 0.413
11 0.376 0.559 98.1 113 0.433 0.455

7⁄16 0.383 0.571 11.2 12.3 0.438 0.459
12 0.447 0.665 114 127 0.472 0.496

1⁄2 0.501 0.745 14.6 16.1 0.500 0.525
13 0.525 0.781 147 157 0.512 0.537
14 0.609 0.906 169 183 0.551 0.579

9⁄16 0.634 0.943 18.5 20.4 0.563 0.591
5⁄8 0.782 1.164 22.7 25.0 0.625 0.656

16 0.795 1.183 217 228 0.630 0.661
18 1.006 1.497 275 298 0.709 0.744
19 1.121 1.668 302 323 0.748 0.785

3⁄4 1.127 1.677 32.4 35.6 0.750 0.788
20 1.242 1.848 333 355 0.787 0.827
22 1.503 2.236 398 423 0.866 0.909

7⁄8 1.534 2.282 43.8 48.2 0.875 0.919
24 1.788 2.661 487 518 0.945 0.992

1 2.003 2.981 56.9 62.6 1.000 1.050
26 2.099 3.123 576 610 1.024 1.075
28 2.434 3.622 655 700 1.102 1.157

11⁄8 2.535 3.772 71.5 78.7 1.125 1.181
11⁄4 3.130 4.657 87.9 96.7 1.250 1.313

32 3.179 4.731 844 914 1.260 1.323
13⁄8 3.787 5.635 106 117 1.375 1.444

36 4.024 5.988 1060 1120 1.417 1.488
11⁄2 4.507 6.706 125 138 1.500 1.575

40 4.967 7.392 1290 1320 1.575 1.654
15⁄8 5.289 7.871 146 161 1.625 1.706

44 6.011 8.944 1500 1590 1.732 1.819
13⁄4 6.134 9.128 169 186 1.750 1.838
17⁄8 7.042 10.479 192 211 1.875 1.969

48 7.153 10.644 1880 1890 1.890 1.984
2 8.012 11.923 217 239 2.000 2.100

52 8.395 12.492 2130 2220 2.047 2.150
21⁄8 9.045 13.460 243 267 2.125 2.231

56 9.736 14.488 2470 2574 2.205 2.315
21⁄4 10.140 15.090 272 299 2.250 2.363

Note—To convert to kilonewtons (kN), multiply tons by 8.896.

A 1023/A 1023M – 02
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TABLE 29 Classification 6 336 Compacted Strand (CS)

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

6336
Compacted Strand

Strands 6 Wires 27 to 49
Outer Strands 6 Outer Wires 12 to 18
Layer of Strands 1 Layer of Wires 27 to 49

Wires in Rope 156 to 276
Typical Examples Number of Outer Wires

Rope Strand Total Per Strand
6331WS
6336WS
6341WS
6341SF
6349SWS
6346WS

1–6–(6+6)–12
1–7–(7+7)–14
1–8–(8+8)–16
1–8–8–8F–16
1–8–8–(8+8)–16
1–9–(9+9)–18

72
84
96
96
96

108

12
14
16
16
16
18

Diameter Approx. Mass Minimum Breaking Force Diameter Range

in. mm lb/ft kg/m
EIP 1960 EEIP 2160 Min. Max.

Tons kN Tons kN in. in.

3⁄8 0.282 0.419 8.30 9.13 0.375 0.394
10 0.310 0.462 85.3 91.5 0.394 0.413
11 0.376 0.559 98.1 113 0.433 0.455

7⁄16 0.383 0.571 11.2 12.3 0.438 0.459
12 0.447 0.665 114 127 0.472 0.496

1⁄2 0.501 0.745 14.6 16.1 0.500 0.525
13 0.525 0.781 147 157 0.512 0.537
14 0.609 0.906 169 183 0.551 0.579

9⁄16 0.634 0.943 18.5 20.4 0.563 0.591
5⁄8 0.782 1.164 22.7 25.0 0.625 0.656

16 0.795 1.183 217 228 0.630 0.661
18 1.006 1.497 275 298 0.709 0.744
19 1.121 1.668 302 323 0.748 0.785

3⁄4 1.127 1.677 32.4 35.6 0.750 0.788
20 1.242 1.848 333 355 0.787 0.827
22 1.503 2.236 398 423 0.866 0.909

7⁄8 1.534 2.282 43.8 48.2 0.875 0.919
24 1.788 2.661 487 518 0.945 0.992

1 2.003 2.981 56.9 62.6 1.000 1.050
26 2.099 3.123 576 610 1.024 1.075
28 2.434 3.622 655 700 1.102 1.157

11⁄8 2.535 3.772 71.5 78.7 1.125 1.181
11⁄4 3.130 4.657 87.9 96.7 1.250 1.313

32 3.179 4.731 844 914 1.260 1.323
13⁄8 3.787 5.635 106 117 1.375 1.444

36 4.024 5.988 1060 1120 1.417 1.488
11⁄2 4.507 6.706 125 138 1.500 1.575

40 4.967 7.392 1290 1320 1.575 1.654
15⁄8 5.289 7.871 146 161 1.625 1.706

44 6.011 8.944 1500 1590 1.732 1.819
13⁄4 6.134 9.128 169 186 1.750 1.838
17⁄8 7.042 10.479 192 211 1.875 1.969

48 7.153 10.644 1880 1890 1.890 1.984
2 8.012 11.923 217 239 2.000 2.100

52 8.395 12.492 2130 2220 2.047 2.150
21⁄8 9.045 13.460 243 267 2.125 2.231

56 9.736 14.488 2470 2574 2.205 2.315
21⁄4 10.140 15.090 272 299 2.250 2.363

Note—To convert to kilonewtons (kN), multiply tons by 8.896.
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TABLE 30 Classification 6 319 Swaged Rope (SW)

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

6326 Warrington
Compacted (Swaged)

IWRC

Strands
Outer Strands
Layer of Strands

Wires in Rope
(excluding steel core)

6
6
1

90–156

Wires
Outer Wires

Layer of Wires

15–26
7–12
2–3

Typical Examples Number of Outer Wires

Rope Strand Total per Strand
6319S
6321F
6326WS
6319W
6325F

1–9–9
1–5–5F–10
1–5–(5+5)–10
1–6–(6+6)
1–6–6F–12

54
60
60
72
72

9
10
10
12
12

Diameter Approx. Mass Minimum Breaking Force Diameter Range

in. mm lb/ft kg/m
EIP Min. Max.

Tons in. in.

1⁄2 12.7 0.55 0.826 15.5 0.500 0.525
9⁄16 14.3 0.70 1.045 19.6 0.563 0.591
5⁄8 15.9 0.87 1.290 24.2 0.625 0.656
3⁄4 19.1 1.25 1.858 34.9 0.750 0.788
7⁄8 22.2 1.70 2.529 47.4 0.875 0.919
1 25.4 2.22 3.303 62.0 1.000 1.050

11⁄8 28.6 2.81 4.181 73.5 1.125 1.181
11⁄4 31.8 3.47 5.161 90.0 1.250 1.313
13⁄8 34.9 4.20 6.245 106 1.375 1.444
11⁄2 38.1 4.99 7.432 130 1.500 1.575

Note—To convert to kilonewtons (kN), multiply tons by 8.896.
Note—Also called compacted rope.
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TABLE 31 Classification 6 336 Swaged Rope (SW)

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

6331
Warrington Seale

Compacted (Swaged)
IWRC

Strands
Outer Strands
Layer of Strands

Wires in Rope
(excluding steel core)

6
6
1

156–276

Wires
Outer Wires

Layer of Wires

27–49
12–18
3–4

Typical Examples Number of Outer Wires

Rope Strand Total per Strand
6331WS
6336WS
6341WS
6341SF
6349SWS
6346WS

1–6–(6+6)–12
1–7–(7+7)–14
1–8–(8+8)–16
1–8–8–8F–16
1–8–8–(8+8)–16
1–9–(9+9)–18

72
84
96
96
96

108

12
14
16
16
16
18

Diameter Approx. Mass Minimum Breaking Force Diameter Range

in. mm lb/ft kg/m
EIP Min. Max.

Tons in. in.

1⁄2 12.7 0.55 0.826 15.5 0.500 0.525
9⁄16 14.3 0.70 1.045 19.6 0.563 0.591
5⁄8 15.9 0.87 1.290 24.2 0.625 0.656
3⁄4 19.1 1.25 1.858 34.9 0.750 0.788
7⁄8 22.2 1.70 2.529 47.4 0.875 0.919
1 25.4 2.22 3.303 62.0 1.000 1.050

11⁄8 28.6 2.81 4.181 73.5 1.125 1.181
11⁄4 31.8 3.47 5.161 90.0 1.250 1.313
13⁄8 34.9 4.20 6.245 106 1.375 1.444
11⁄2 38.1 4.99 7.432 130 1.500 1.575

Note—To convert to kilonewtons (kN), multiply tons by 8.896.
Note—Also called compacted rope.
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TABLE 32 Classification 19 37 Compacted Strand (CS) Rotation Resistant—Category 2

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

1837
Compacted Strand

1937
Compacted Strand

Strands 17 to 18 Wires 5 to 7

Outer Strands 10 to 13 Outer Wires 4 to 6

Layer of Strands 2 Layer of Wires 1

Wires in Rope
(excluding steel core)

85 to 126

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand

1737
1837
1937

1–6
1–6
1–6

66
72
72

6
6
6

Diameter Approx. Mass Minimum Breaking Force Diameter Range

in. mm lb/ft kg/m
EIP 1960 EEIP 2160 Min. Max.

Tons kN Tons kN in. in.

6 0.12 0.181 30.7 34.0 0.236 0.248
1⁄4 0.14 0.203 3.74 4.11 0.250 0.263

7 0.17 0.247 39.8 44.1 0.276 0.289
5⁄16 0.21 0.318 5.80 6.38 0.313 0.328

8 0.22 0.323 54.2 60.0 0.315 0.331
9 0.27 0.408 67.6 74.8 0.354 0.372

3⁄8 0.31 0.457 7.55 8.30 0.375 0.394
10 0.34 0.504 84.3 93.3 0.394 0.413
11 0.41 0.610 105 116 0.433 0.455

7⁄16 0.42 0.622 10.2 11.2 0.438 0.459
12 0.49 0.726 121 133 0.472 0.496

1⁄2 0.55 0.813 13.3 14.6 0.500 0.525
13 0.57 0.852 147 162 0.512 0.537
14 0.66 0.988 167 185 0.551 0.579

9⁄16 0.69 1.029 16.8 18.5 0.563 0.591
5⁄8 0.85 1.270 20.6 22.7 0.625 0.656

16 0.87 1.290 219 243 0.630 0.661
18 1.10 1.633 278 308 0.709 0.744
19 1.22 1.819 304 337 0.748 0.785

3⁄4 1.23 1.829 29.4 32.4 0.750 0.788
20 1.35 2.016 336 372 0.787 0.827
22 1.64 2.439 412 457 0.866 0.909

7⁄8 1.67 2.490 39.8 43.8 0.875 0.919
24 1.95 2.903 476 541 0.945 0.992

1 2.19 3.252 51.7 56.9 1.000 1.050

Note—To convert to kilonewtons (kN), multiply tons by 8.896.
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TABLE 33 Classification 19 319 Compacted Strand (CS) Rotation Resistant—Category 2

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

19319 Seale
Compacted Strand

Strands 17 to 18 Wires 15 to 26
Outer Strands 10 to 13 Outer Wires 7 to 12
Layer of Strands 2 Layer of Wires 2 to 3

Wires in Rope
(excluding steel core)

255 to 468

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand
17319S
18319S
18326WS
19319S
19326WS

1–9–9
1–9–9
1–5–(5+5)–10
1–9–9
1–5–(5+5)–10

99
108
120
108
120

9
9

10
9

10

Diameter Approx. Mass Minimum Breaking Force Diameter Range

in. mm lb/ft kg/m
EIP 1960 EEIP 2160 Min. Max.

Tons kN Tons kN in. in.

3⁄8 0.31 0.462 7.55 8.3 0.375 0.394
10 0.34 0.509 84.3 93.3 0.394 0.413
11 0.41 0.616 105 116 0.433 0.455

7⁄16 0.42 0.629 10.2 11.2 0.438 0.459
12 0.49 0.733 121 133 0.472 0.496

1⁄2 0.55 0.821 13.3 14.6 0.500 0.525
13 0.58 0.860 147 162 0.512 0.537
14 0.67 0.998 160 180 0.551 0.579

9⁄16 0.70 1.039 16.8 18.5 0.563 0.591
5⁄8 0.86 1.283 20.6 22.7 0.625 0.656

16 0.88 1.303 215 241 0.630 0.661
18 1.11 1.649 266 299 0.709 0.744
19 1.23 1.837 300 337 0.748 0.785

3⁄4 1.24 1.847 29.4 32.4 0.750 0.788
20 1.37 2.036 335 376 0.787 0.827
22 1.66 2.464 405 454 0.866 0.909

7⁄8 1.69 2.514 39.8 43.8 0.875 0.919
24 1.97 2.932 482 540 0.945 0.992

1 2.21 3.284 51.7 56.9 1.000 1.050
26 2.31 3.441 572 637 1.024 1.075
28 2.68 3.991 662 743 1.102 1.157

11⁄8 2.79 4.156 65.0 71.5 1.125 1.181
11⁄4 3.45 5.131 79.9 87.9 1.250 1.313

32 3.50 5.212 859 964 1.260 1.323
13⁄8 4.17 6.209 96.0 106 1.375 1.444

36 4.43 6.597 1085 1218 1.417 1.488
11⁄2 4.97 7.389 114 125 1.500 1.575

40 5.47 8.144 1340 1503 1.575 1.654
15⁄8 5.83 8.671 132 145 1.625 1.706

Note—To convert to kilonewtons (kN), multiply tons by 8.896.
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TABLE 34 Classification 35 37 Compacted Strand (CS) Rotation Resistant—Category 1

Cross Section
Examples

Construction of Rope Construction of Strand

Item Quantity Item Quantity

3537
Compacted Strand

Strands 35 Wires 5 to 9

Outer Strands 16 Outer Wires 4 to 8

Layer of Strands 3 Layer of Wires 1

Wires in Rope 238

Typical Examples Number of Outer Wires

Rope Strand Total Per Strand

3537 1–6 96 6

Diameter Approx. Mass Minimum Breaking Force Diameter Range

in. mm lb/ft kg/m
1960 2160 Min. Max.

Tons kN Tons kN in. in.

10 0.33 0.497 87.6 98.3 0.394 0.413
11 0.40 0.601 105 118 0.433 0.455

7⁄16 0.41 0.614 12.1 13.4 0.438 0.459
12 0.48 0.716 124 140 0.472 0.496

1⁄2 0.54 0.802 15.4 17.4 0.500 0.525
13 0.56 0.840 144 162 0.512 0.537
14 0.65 0.974 168 188 0.551 0.579

9⁄16 0.68 1.015 19.7 22.0 0.563 0.591
5⁄8 0.84 1.253 25.2 28.2 0.625 0.656

16 0.85 1.272 224 251 0.630 0.661
18 1.08 1.610 274 308 0.709 0.744
19 1.21 1.794 307 344 0.748 0.785

3⁄4 1.21 1.804 34.5 38.7 0.750 0.788
20 1.34 1.988 341 382 0.787 0.827
22 1.62 2.405 415 466 0.866 0.909

7⁄8 1.65 2.455 47.2 53.0 0.875 0.919
24 1.92 2.863 491 555 0.945 0.992

1 2.15 3.206 62.4 70.0 1.000 1.050
26 2.26 3.360 588 660 1.024 1.075
28 2.62 3.896 676 758 1.102 1.157

11⁄8 2.73 4.058 77.5 86.9 1.125 1.181
11⁄4 3.37 5.010 98.1 110 1.250 1.313

32 3.42 5.089 873 980 1.260 1.323
13⁄8 4.07 6.062 117 124 1.375 1.444

36 4.33 6.441 1110 1232 1.417 1.488
11⁄2 4.85 7.215 138 147 1.500 1.575

40 5.34 7.952 1390 1521 1.575 1.654
15⁄8 5.69 8.467 167 182 1.625 1.706

Note—To convert to kilonewtons (kN), multiply tons by 8.896.
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Designation: A 1028 – 03

Standard Specification for
Stainless Steel Bars for Compressor and Turbine Airfoils 1

This standard is issued under the fixed designation A 1028; 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 stainless steel bars for com-
pressor and turbine bucket, blade, and airfoil applications.

1.2 The values stated in inch-pound units are to be consid-
ered the standard.

2. Referenced Documents

2.1 ASTM Standards:
A 275/A 275M Test Method for Magnetic Particle Exami-

nation of Steel Forgings2

A 484/A 484M Specification for General Requirements for
Stainless Steel Bars, Billets, and Forgings3

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment2

A 941 Terminology Relating to Steel, Stainless Steel, Re-
lated Alloys, and Ferroalloys4

E 112 Test Methods for Determining Average Grain Size5

E 292 Test Methods for Conducting Time-for-Rupture
Notch Tension Tests of Materials5

E 381 Method of Macroetch Testing Steel Bars, Billets,
Blooms, and Forgings5

E 562 Test Method for Determining Volume Fraction by
Systematic Manual Point Count5

3. Terminology

3.1 Refer to Terminology A 941 for definitions of terms
used in this standard.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for product under this specifi-
cation. Such requirements to be considered may include but are
not limited to the following:

4.1.1 Quantity (weight or number of pieces).
4.1.2 Grade and Class (Table 3).
4.1.3 Applicable dimensions including size, thickness,

width, and length.
4.1.4 Whether bars are to be rolled as bars or cut from plate.
4.1.5 Supplementary Requirements.

5. General Requirements

5.1 Product furnished to this specification shall conform to
the requirements of Specification A 484/A 484M including any
supplementary requirements that are indicated in the purchase
order. Failure to comply with the general requirements of
Specification A 484/A 484M constitutes nonconformance with
this specification.

5.2 In case of conflict between the requirements of this
specification and Specification A 484/A 484M, this specifica-
tion shall prevail.

6. Manufacture

6.1 Melting Process—The steel shall be made using the
Basic Electric Furnace Process with Argon-Oxygen-
Decarburization (AOD) refining or by Vacuum Ladle Degas-
sing. Use of Electro-Slag Remelting is permitted unless other-
wise specified by the purchaser (see Supplemental
Requirement S1).

6.2 Heat Treatment—Heat treating of all bars is required in
accordance with Table 1 to develop the required mechanical
properties.

6.2.1 Number of Heat Treatments—Two complete heat
treatments, consisting of an austenitize, quench and temper, are
permitted. Purchaser approval is required prior to any addi-
tional heat treatments.

6.2.2 Temperature Variation—Heat treating temperatures
shall be controlled in the range of625°F.

6.3 Stress Relief—When heat treatment for mechanical
properties is followed by straightening, a stress relieving heat
treatment is required in accordance with Table 1.

6.3.1 Quenching after Stress Relief—Water or oil quenching
of stress-relieved bars is prohibited.

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.17 on Flat-Rolled and Wrought Stainless Steel.

Current edition approved April 10, 2003. Published May 2003.
2 Annual Book of ASTM Standards, Vol 01.05.
3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 01.01.
5 Annual Book of ASTM Standards, Vol 03.01.
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7. Chemical Composition

7.1 The steel shall conform to the requirements for chemical
composition prescribed in Table 2.

8. Mechanical Properties

8.1 Lot Size—A lot shall consist of all bars of the same size
from one electric furnace heat of steel and heat treated, either
in the same charge in either a batch furnace or a continuous
type furnace.

8.2 Hardness Tests—All testing shall be performed after
heat treatment and stress relief, as applicable. The test speci-
mens shall meet the requirements of Table 3.

8.2.1 Number of Tests—A minimum of four bars or 10 % of
the lot, whichever is less, shall be tested on each end.

8.3 Tensile and Impact Tests—One room temperature ten-
sile test and two room temperature Charpy V-Notch Impact
tests shall be taken from the softest and hardest Bar in each lot
of material. Impact tests are only required on bars or shapes1⁄2
in. or larger in minor dimension.

8.3.1 Test Specimen Location—The axis of the specimen
shall be located at the center of the bars up to and including 11⁄2
in. width. For bars over 11⁄2 in. width, the axes of the specimen
shall be located midway between the center and the edge
(corner) of the bar.

9. Workmanship and Nondestructive Examination

9.1 General Requirements—All bars shall be free of cracks,
fissures, seams, laps, bursts, shrinkage, and similar disconti-
nuities.

9.2 Nondestructive Tests—Nondestructive testing and cor-
responding acceptance criteria shall be as specified by the
purchaser.

10. Dimensions, Tolerances, and Finish

10.1 Hot-rolled or cold-finished bar, or both, shall be
furnished to the tolerances (permissible variations) in Specifi-
cation A 484/A 484M, with the following additional require-
ments:

TABLE 1 Heat Treatment, °F

Grade A Grade B Grade C Grade D Grade E Grade F

Classes 1 and 2 Class 1 Class 1 Class 2 Classes 1 and 2 Class 1 Class 2 Class 1

Austenitizing 1725-1775 1600-1750 1825 to 1875 1725 to 1875 1875 to 1925 2075 to 2125 1725 to 1775 1875 to 1925
Quenching Air or liquid Air or liquid Air or liquid Air or liquid Air or liquid Air or liquid Air or liquid Air or liquid
First temper 1100 min 1100 min 1050 min 1000 min 1150 min 1250 min 1100 min . . .
Second temper . . . . . . 1025 min 1000 min . . . . . . . . . . . .
Aging . . . . . . . . . . . . . . . . . . . . . 1135 to 1165
Stress Relieving 1065 min 1065 min 1000 min 1000 min 1100 min 1200 min 1050 min 1100 min

TABLE 2 Chemical Requirements

Composition %

Grade A Grade B Grade C Grade D Grade E Grade F

UNS Designation S41000 S41005 S41428 S42225 S41041 S17400

Carbon 0.15 max 0.10 to 0.15 0.10 to 0.17 0.20 to 0.25 0.13 to 0.18 0.07 max
Manganese 1.0 max 0.25 to 0.80 0.65 to 1.05 0.5 to 1.0 0.4 to 0.6 1.0 max
Phosphorus, max 0.018 0.018 0.020 0.020 0.030 0.040
Sulfur, max 0.015 0.015 0.015 0.010 0.030 0.030
Silicon 0.5 max 0.5 max 0.10 to 0.35 0.20 to 0.50 0.5 max 1.0 max
Nickel 0.75 max 0.75 max 2.25 to 3.25 0.5 to 1.0 0.5 max 3.0 to 5.0
Chromium 11.5 to 13.0 11.5 to 13.0 11.25 to 12.75 11.0 to 12.5 11.5 to 13.0 15.0 to 17.5
Molybdenum 0.5 max 0.5 max 1.5 to 2.0 0.9 to 1.25 0.20 max . . .
Vanadium . . . Report only 0.25 to 0.40 0.20 to 0.30 . . . . . .
Tungsten . . . 0.10 max 0.10 max 0.9 to 1.25 . . . . . .
Nitrogen . . . 0.08 max 0.020 to 0.045 Report only . . . . . .
Aluminum . . . 0.025 max 0.025 max 0.025 max 0.05 max . . .
Columbium . . . 0.20 max . . . 0.05 max 0.15 to 0.45 0.15 to 0.45
Cobalt . . . . . . . . . 0.20 max . . . . . .
Titanium . . . 0.05 max 0.05 max 0.025 max . . . . . .
Copper . . . 0.50 max 0.50 max 0.15 max . . . 3.0 to 5.0
Tin . . . 0.05 max 0.05 max 0.02 max . . . . . .

TABLE 3 Tensile, Impact, and Hardness Requirements

Grade A Grade B Grade C Grade D Grade E Grade F

Class 1 Class 2 Class 1 Class 1 Class 2 Class 1 Class 2 Class 1 Class 2 Class 1

Tensile strength, min, ksi 100 110 110 145 160 140 140 115 110 135
Yield strength, min, ksi, 0.2 % offset 70 80 90 115 120 90 100 75 80 105
Elongation in 2 in., min, % 20 18 18 15 16 13 13 15 18 16
Reduction of area, min, % 60 50 50 30 50 30 35 50 55 50
Impact strength, min, av., Cv, Rt, ft-lb 30 25 30 30 40 8 10 20 25 41
Hardness, Brinell, max 255 269 269 352 375 331 331 277 262 341
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10.1.1 All tolerances except straightness and length shall be
plus (+) (over) with no minus (−) (under) tolerance allowed.
The total spread in tolerance for any specific size shall be equal
to the total spread allowed in Specification A 484/A 484M.

10.2 Flat bar with ordered sizes greater than rolling mill
capabilities may be produced by a forging or blooming mill
process, or combination thereof. Such material shall conform
to the following tolerances:

10.2.1 Material produced by the blooming mill process shall
have a normal thickness tolerance with a special allowable
width tolerance of plus (+) 0.250 in. with no minus (−) (under)
tolerance.

10.2.2 Material produced by the forging process shall have
special tolerances as agreed upon by the Purchaser and the
Supplier.

11. Certification

11.1 All tests required by this specification shall be made by
the manufacturer and reported on a certificate of test to the
purchaser. Each test certificate shall include the following
items:

11.1.1 Purchase order number.
11.1.2 Specification number and year date of issue, grade,

and class.
11.1.3 Heat number.
11.1.4 Lot number and size.
11.1.5 Mechanical properties including tension, impact, and

hardness.
11.1.6 Heat treatment and stress relief temperatures and

times.
11.1.7 Results of any specified supplementary requirements.
11.1.8 Statement that the bars were manufactured, sampled,

tested, and inspected in accordance with this specification and
that the results satisfied the requirements.

12. Product Marking

12.1 The packing, marking, and loading methods described
in Practices A 700 shall be used.

13. Keywords

13.1 compressor airfoils; martensitic stainless steel; stain-
less steel bar; turbine airfoils

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, and order. Details of these supplementary requirements shall be agreed upon by the
manufacturer and purchaser.

S1. Secondary Melting and Refining

S1.1 ESR or VAR is required. Use of either is permitted
unless otherwise specified.

S2. Ingot Chemical Analysis

S2.1 If consumable electrode remelting is used, then chemi-
cal analyses of each remelted ingot shall meet the chemical
composition requirements listed and shall be reported.

S3. Macrostructure

S3.1 Samples shall be taken from the top and bottom of the
first and last ingot of each heat. The structure of the starting
billets shall meet the criteria of Method E 381, S-3, R-2, C-3#
36 in.2, and S-3, R-3, C-3 > 36 in.2

S4. Heat Treatment of Cold-Finished Shapes

S4.1 Cold-finished shapes shall be re-austenitized in a
vacuum or inert atmosphere at the temperatures listed in Table
1, accelerated gas cooled, tempered, and uniformly cooled
below the martensite finish temperature. Oxidation of the
surface resulting in decarburization or scale formation is not
permitted.

S5. Magnetic Particle Inspection

S5.1 Each bar shall be magnetic particle inspected in
accordance with Test Method A 275/ A 275M. The maximum
acceptable indication size shall be1⁄8 in. unless otherwise
specified by the purchaser.

S6. Nondestructive Examination—Grade D

S6.1 Method—Each bar shall be subjected to NDE. The
method used shall be Eddy Current (ET), Magnetic Particle
(MPI wet or dry), Liquid Penetrant (LPI), or Ultrasonic (UT),
at the option of the vendor unless otherwise indicated in the
purchase order.

S6.2 Acceptance Criteria—For LPI or MPI, linear indica-
tions (those indications longer than1⁄16 in. with a length greater
than three times their width) are unacceptable. For UT or ET,
reject levels for linear indications shall be based on the alarm
response from a 0.012-in. maximum deep surface notch in a
calibration bar.

S7. Microstructure

S7.1 The microstructure shall be uniformly fine grain tem-
pered martensite with no more than 1 % delta ferrite as etched
with “Vilella’s” etchant.

S7.2 Metallographic inspection shall be performed at 1003
magnification to determine the metallurgical structure, grain
size, decarburization, and delta ferrite content. Visual estima-
tion for the volume fraction of delta ferrite of various repre-
sentative areas of examination is acceptable. When the visual
estimation method indicates the delta ferrite content is greater
than the allowed limit, the manufacturer may employ Test
Method E 562 for determining the acceptability of a lot.

S7.3 Grades A, B, and Grade E Class 2 shall have an
average grain size of ASTM 5 or finer as determined in
accordance with Test Methods E 112. The maximum size of
individual grains, distributed at random, shall be ASTM 3.
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S7.4 Grades C and D shall have an average grain size of
ASTM 4 or finer as determined in accordance with Test
Methods E 112. The maximum size of individual grains,
distributed at random, shall be ASTM 3.

S8. Decarburization

S8.1 Surface decarburization of bars shall not exceed 0.06
in. [1.5 mm].

S9. Minimum Hardness Requirements

S9.1 When agreed upon by the purchaser and producer, a
minimum hardness value is required.

S10. Stress Rupture Testing—Grade D

S10.1 Stress rupture testing shall be conducted at 1200°F
and 26 000 psi using a combination test bar in accordance with
Test Methods E 292. Rupture must occur in the smooth section
of each test specimen. The test may be discontinued after 25 h,

provided the certification so notes. Stress rupture testing is not
required on bars less than1⁄2 in. in diameter or thickness.

S10.2 One test shall be made for each heat treat lot.

S11. Squareness
S11.1 Out of square is defined as the difference between the

two diagonal measurements of a square or flat bar. Material
less than 5 in. in width that has been hot rolled shall meet the
following criteria:

Specified Thickness,
in.

Maximum Out of Square,
in.

0.25 to 0.32 0.014
Over 0.32 to 0.44 0.015
Over 0.44 to 0.63 0.017
Over 0.63 to 0.88 0.018
Over 0.88 to 1.00 0.018
Over 1.00 to 1.12 0.021
Over 1.12 to 1.25 0.023
Over 1.25 to 1.37 0.025
Over 1.37 to 1.50 0.030
Over 1.50 to 2.00 0.034
Over 2.00 to 2.50 0.038

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: A 1031 – 04

Standard Specification for
Steel, Sheet and Strip, Heavy-Thickness Coils, Alloy,
Drawing Steel and Structural Steel, Hot-Rolled 1

This standard is issued under the fixed designation A 1031; 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 hot-rolled, heavy thickness
coils beyond the size limits of Specifications A 506 and A 507.

1.2 The product is available in three designations: Alloy,
Drawing Steel, and Structural Steel.

1.3 Alloy steel is furnished to chemical composition re-
quirements and is intended primarily for general or miscella-
neous use where bending and moderate forming is a require-
ment.

1.4 Drawing steel is produced principally for applications
involving severe cold plastic deformation such as deep drawn
or severely formed parts.

1.4.1 Drawing steel may be furnished in several conditions,
heat treatments, surface finishes, and edges, as specified herein.

1.5 Structural steel is furnished to chemical composition
requirements and to specific mechanical property requirements
which may include tension tests, hardness tests, or other
commonly accepted mechanical tests.

1.5.1 The formability of structural steel decreases with
increasing yield strength or hardness. Therefore, product de-
sign in relation to the mechanical properties of the grade used
must be considered.

1.6 This material is available only in coils described as
follows:

Product Size Limits, Coils Only
Width, in. (mm) Thickness, in. (mm)

Strip Over 8 to 12, incl 0.230 to 1.000, incl
(Over 200 to 300) (Over 6.0 to 25)

Sheet Over 12 to 48, incl 0.230 to 1.000, incl
(Over 300 to 1200) (Over 6.0 to 25)

Sheet Over 48 0.180 to 1.000, incl
(Over 1200) (Over 4.5 to 25)

1.7 Sheet and strip in coils of sizes noted in 1.6 are covered
by this specification only with the following provisions:

1.7.1 The material is not to be converted into steel plates for
structural or pressure vessel use unless tested in complete
accordance with the appropriate sections of Specifications
A 6/A 6M (plates provided from coils) or A 20/A 20M (plates
produced from coils). A plate produced in this manner is no

longer governed by this sheet steel specification and since this
material is now plate, the appropriate plate standard must now
apply.

1.7.2 The dimensional tolerances of Specification A 635/
A 635M are applicable to material produced to this specifica-
tion.

1.7.3 The material is to be fed directly from coils into a
blanking press, drawing or forming operation, tube mill, rolling
mill, or sheared or slit into blanks for subsequent drawing or
forming.

1.8 The values stated in either inch-pound units and SI units
(metric) 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
must be used independently of each other.

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
Piling2

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 505 Specification for Steel, Sheet and Strip, Alloy, Hot-
Rolled and Cold-Rolled, General Requirements for

A 506 Specification for Alloy and Structural Alloy Steel,
Sheet and Strip, Hot-Rolled and Cold-Rolled

A 507 Specification for Drawing Alloy Steel, Sheet and
Strip, Hot-Rolled and Cold-Rolled

A 635/A 635M Specification for Steel, Sheet and Strip,
Heavy-Thickness Coils, Carbon, Commercial Steel, Draw-
ing Steel, Structural, High-Strength Low-Alloy, and High-
Strength Low-Alloy with Improved Formability, Hot-
Rolled, General Requirements for

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products

1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved Jan. 1, 2004. Published January 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

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 Specifications

3. General Requirements for Delivery

3.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification A 505,
current edition, unless otherwise provided herein.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information, as required, to adequately describe
the desired material.

4.1.1 ASTM specification number and year of issue,
4.1.2 Classification of the material (hot-rolled sheet or

hot-rolled strip),
4.1.3 Chemical Composition (grade),
4.1.4 Condition—Material in accordance with this specifi-

cation is furnished in the hot rolled condition. Pickled (or blast
cleaned) must be specified if required. Material ordered as
Pickled (or blast cleaned) will be oiled unless ordered dry,

4.1.5 Heat treatment required, if any,
4.1.6 Type of edge must be specified for hot rolled sheet

coils and strip coils, either mill edge or cut edge (sheet), mill
edge or slit edge (strip),

4.1.7 Dimensions (decimal thickness and width of material),
4.1.7.1 As agreed upon between the purchaser and the

producer, material ordered to this specification will be supplied
to meet the appropriate standard or restricted thickness toler-
ances shown in Specification A 635/A 635M,

NOTE 1—Not all producers are capable of meeting all the limitations of
the thickness tolerance tables in Specification A 635/A 635M. The pur-
chaser should contact the producer regarding possible limitations prior to
placing an order.

4.1.8 Coil size and weight requirements (must include
inside diameter, ID; outside diameter, OD), and maximum
weight,

4.1.9 Quantity (weight),
4.1.10 Application (part identification and description),
4.1.11 Special requirements (if required),
4.1.12 Test reports (if required), and
4.1.13 Cast or heat analysis (if required).

NOTE 2—A typical ordering description is as follows: (inch pound
units) ASTM A XXXX/XXXXM: Alloy, hot rolled sheet coils, grade SAE
4118, pickled and oiled, cut edge, 0.500 by 40 in. by coil; ID 24 in., OD

72 in. maximum, coil weight 40 000 lb maximum; 200 000 lb for roll
forming shapes; (SI units) ASTM A XXXX/XXXXM: Alloy, hot rolled
sheet coils, grade SAE 4118, pickled and oiled, cut edge, 10 mm by 900
mm by coil; ID 600 mm, OD 1800 mm, maximum, coil weight 18 000 kg
maximum; 90 000 kg for roll forming shapes.

5. Manufacture

5.1 Heat Treatment:
5.1.1 As-rolled,
5.1.2 Annealed,
5.1.2.1 Spheroidized Annealed,

(1) Drawing Steel—Unless otherwise specified on the
order, drawing steel will be furnished with a spheroidized
annealed heat treatment.

(2) If the material is to be heat treated by other than the
producer, the order shall so state. The material may be ordered
in the as-rolled condition, in such cases.

5.1.2.2 Normalized, or
5.1.2.3 Normalized-and-tempered.

6. Chemical Requirements

6.1 The heat analysis of the steel shall conform to the
requirements for the grade specified on the order.

6.2 Standard Alloy Steelgrades listed in Table 1 are those
commonly produced for alloy steel sheet and strip. Other
standard steel grades are listed in Annex A1.

6.3 Nonstandard Alloy Steelgrades may be specified using
the ranges and limits shown in Table 2.

6.4 Structural Alloy Steel—The grade shall be specified as
outlined in 6.2 or 6.3. However, since different mechanical
properties may be expected for each of the many chemical
compositions and conditions (heat treatment) that may be
specified, consideration must be given to these factors in
selecting the chemical composition to be specified.

7. Metallurgical Structure

7.1 Microstructure:
7.1.1 Drawing Steel—A minimum of 75 % of the carbide

microstructure shall be of the globular type for material with an
ordered thickness of less than or equal to 0.400 in. (10 mm).
For material with an ordered thickness greater than 0.400 in.
(10 mm), the percent minimum globular carbide microstructure
guarantee shall be by agreement between the purchaser and the
producer.

TABLE 1 Standard Steels Commonly Produced for Alloy Steel Sheet and Strip

UNS
Design.

SAE
No.

Chemical Composition Ranges and Limits, % (Heat Analysis)A

C Mn P S SiB Ni Cr Mo

G41180 4118 0.18-0.23 0.70-0.90 0.035 0.035 0.15-0.30 ..... 0.40-0.60 0.08-0.15
G41300 4130 0.28-0.33 0.40-0.60 0.035 0.035 0.15-0.30 ..... 0.80-1.10 0.15-0.25
G41400 4140 0.38-0.43 0.75-1.00 0.035 0.035 0.15-0.30 ..... 0.80-1.10 0.15-0.25
G43400 4340 0.38-0.43 0.60-0.80 0.035 0.035 0.15-0.30 1.65-2.00 0.70-0.90 0.20-0.30
G51200 5120 0.17-0.22 0.70-0.90 0.035 0.035 0.15-0.30 ..... 0.70-0.90 .....
G51400 5140 0.38-0.43 0.70-0.90 0.035 0.035 0.15-0.30 ..... 0.70-0.90 .....
G51500 5150 0.48-0.53 0.70-0.90 0.035 0.035 0.15-0.30 ..... 0.70-0.90 .....
G51600 5160 0.55-0.65 0.75-1.00 0.035 0.035 0.15-0.30 ..... 0.70-0.90 .....
G86150 8615 0.13-0.18 0.70-0.90 0.035 0.035 0.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25
G86200 8620 0.18-0.23 0.70-0.90 0.035 0.035 0.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25

A The chemical ranges and limits shown are subject to product analysis tolerances. See Specification A 505.
B Other silicon ranges are available. Consult the producer.
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7.1.2 Number of Tests—The number of tests shall be in
accordance with the producer’s standard quality control pro-
cedures.

8. Mechanical Requirements

8.1 Alloy Steel—Mechanical tests are not applicable to
regular quality alloy steel sheet and strip.

8.2 Test specimen preparation and mechanical testing shall
be in accordance with Test Method A 370.

8.3 Drawing Steel and Structural Alloy Steel:
8.3.1 Tension and Hardness Tests:
8.3.1.1 Tensile, Hardness Properties—When tension and/or

hardness tests are specified on the order, the test results shall
conform to the requirements specified on the order. Yield
strength, tensile strength, elongation and hardness require-
ments may be specified. The properties will vary depending on
the chemical composition, condition, and heat treatment. Pro-
ducers are frequently consulted as to grade, resultant mechani-
cal properties, recommended heat treatment, and other infor-

mation needed to establish the property parameters to meet end
use requirements. Rockwell hardness requirements may be
specified, providing the requirements are compatible with the
tension test requirements. These requirements do not apply to
the uncropped ends of unprocessed coils.

8.3.1.2 Test Specimen Location and Orientation—Test
specimens shall be taken sufficiently far from the as hot rolled
coil ends and edges so that the sample is representative of
material which received the designed processing. The test shall
be taken approximately midway between the center and edge
of the material as rolled. For coils wider than 24 in. (600 mm),
test specimens shall be taken such that the longitudinal axis of
the specimens is perpendicular to the direction of rolling
(transverse test). For coils through 24 in. (600 mm) in width,
test specimens shall be taken such that the longitudinal axis of
the specimen is parallel to the direction of rolling (longitudinal
test).

8.3.1.3 Number of Tests—Two tests shall be taken from
each heat, heat treatment lot, or 50 tons (45 Mg). When the
amount of finished material from a heat is less than 50 tons (45
Mg), only one test shall be taken. When material rolled from
one heat differs 0.050 in. (1.3 mm) or more in thickness, one
test shall be taken from both the thickest and the thinnest
material rolled regardless of the weight represented.

8.3.1.4 To determine conformance with this specification, a
test value should be rounded to the nearest 1 ksi (7 MPa) of
tensile strength and yield point, and to the nearest unit in the
right-hand place of figures used in expressing the limiting
value for other places in accordance with the rounding off
methods given in Practice E 29.

8.3.2 Material in the spheroidize-annealed condition gener-
ally work hardens and may require stress-relief annealing
between drawing operations.

9. Workmanship, Finish and Appearance

9.1 The steel shall have a workmanlike appearance and shall
not have defects of a nature or degree that will be detrimental
to the stamping or fabrication of finished parts.

9.2 Coils may contain some abnormal imperfections that
render a portion of the coil unusable since the inspection of
coils does not afford the opportunity to remove portions
containing imperfections.

9.3 Edges—The normal edge condition in heavy-thickness
coils is mill edge. If a cut edge (sheet) or slit edge (sheet) is
desired, it must be specified.

9.4 Oiling—Unless otherwise specified, hot-rolled as-rolled
material shall be furnished dry, and hot-rolled pickled or blast
cleaned material shall be furnished oiled. When required,
pickled or blast cleaned material may be specified to be
furnished dry, and as-rolled material may be specified to be
furnished oiled.

9.5 Surface Finish—Unless otherwise specified, hot-rolled
material shall have an as-rolled, not pickled surface finish.
When required, material may be specified to be pickled or blast
cleaned.

TABLE 2 Heat (Cast) Analysis Ranges for Other than Standard
Steel Alloy Sheet and Strip

Element
When Maximum of

Specified Element is, %
Range or
Limit, %

Carbon To 0.55 incl 0.05
Over 0.55 to 0.70 incl 0.08
Over 0.70 to 0.80 incl 0.10
Over 0.80 to 0.95 incl 0.12
Over 0.95 to 1.35 incl 0.13

Manganese To 0.60 incl 0.20
Over 0.60 to 0.90 incl 0.20
Over 0.90 to 1.05 incl 0.25
Over 1.05 to 1.90 incl 0.30
Over 1.90 to 2.10 incl 0.40

Phosphorous ...... 0.035 max
Sulfur ...... 0.040 max
Silicon To 0.15 incl 0.08

Over 0.15 to 0.20 incl 0.10
Over 0.20 to 0.40 incl 0.15
Over 0.40 to 0.60 incl 0.20
Over 0.60 to 1.00 incl 0.30
Over 1.00 to 2.20 incl 0.40

Copper To 0.60 incl 0.20
Over 0.60 to 1.50 incl 0.30
Over 1.50 to 2.00 incl 0.35

Nickel To 0.50 incl 0.20
Over 0.50 to 1.50 incl 0.30
Over 1.50 to 2.00 incl 0.35
Over 2.00 to 3.00 incl 0.40
Over 3.00 to 5.30 incl 0.50
Over 5.30 to 10.00 incl 1.00

Chromium To 0.40 incl 0.15
Over 0.40 to 0.90 incl 0.20
Over 0.90 to 1.05 incl 0.25
Over 1.05 to 1.60 incl 0.30
Over 1.60 to 1.75 incl 0.35
Over 1.75 to 2.10 incl 0.40
Over 2.10 to 3.99 incl 0.50

Molybdenum To 0.10 incl 0.05
Over 0.10 to 0.20 incl 0.07
Over 0.20 to 0.50 incl 0.10
Over 0.50 to 0.80 incl 0.15
Over 0.80 to 1.15 incl 0.20

Vanadium To 0.25 incl 0.05
Over 0.25 to 0.50 incl 0.10
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ANNEX

(Mandatory Information)

A1. STANDARD STEELS NOT COMMONLY PRODUCED FOR ALLOY-STEEL SHEET AND STRIP

A1.1 Table A1.1 lists standard steels which, while not
commonly produced for alloy-steel sheet and strip, may be
specified. The producer should be consulted for availability.

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 A1.1 Standard Steels Commonly Produced for Alloy Steel Sheet and Strip

UNS
Design.

SAE
No.

Chemical Composition Ranges and Limits, % (Heat Analysis)A

C Mn P S SiB Ni Cr Mo

E3310 0.08-0.10 0.45-0.60 0.025 0.025 0.15-0.30 3.25-3.75 1.40-1.75 ……
G40120 4012 0.09-0.14 0.75-1.00 0.040 0.040 0.15-0.30 …… …… 0.15-0.25
G41180 4118 0.18-0.23 0.70-0.90 0.040 0.040 0.15-0.30 …… 0.40-0.60 0.08-0.15
G41350 4135 0.33-0.38 0.70-0.90 0.040 0.040 0.15-0.30 …… 0.80-1.10 0.15-0.25
G41370 4137 0.35-0.40 0.70-0.90 0.040 0.040 0.15-0.30 …… 0.80-1.10 0.15-0.25
G41420 4142 0.40-0.45 0.75-1.00 0.040 0.040 0.15-0.30 …… 0.80-1.10 0.15-0.25
G41450 4145 0.43-0.48 0.75-1.00 0.040 0.040 0.15-0.30 …… 0.80-1.10 0.15-0.25
G41470 4147 0.45-0.50 0.75-1.00 0.040 0.040 0.15-0.30 …… 0.80-1.10 0.15-0.25
G41500 4150 0.48-0.53 0.75-1.00 0.040 0.040 0.15-0.30 …… 0.80-1.10 0.15-0.25
G43200 4320 0.17-0.22 0.45-0.65 0.040 0.040 0.15-0.30 1.65-2.00 0.40-0.60 0.20-0.30
G43406 E4340 0.38-0.43 0.65-0.85 0.025 0.025 0.15-0.30 1.65-2.00 0.70-0.90 0.20-0.30
G45200 4520 0.18-0.23 0.45-0.65 0.040 0.040 0.15-0.30 …… …… 0.45-0.60
G46150 4615 0.13-0.18 0.45-0.65 0.040 0.040 0.15-0.30 1.65-2.00 …… 0.20-0.30
G46200 4620 0.17-0.22 0.45-0.65 0.040 0.040 0.15-0.30 1.65-2.00 …… 0.20-0.30
G47180 4718 0.16-0.21 0.70-0.90 0.040 0.040 0.15-0.30 0.90-1.20 0.35-0.55 0.30-0.40
G48150 4815 0.13-0.18 0.40-0.60 0.040 0.040 0.15-0.30 3.25-3.75 …… 0.20-0.30
G48200 4820 0.18-0.23 0.50-0.70 0.040 0.040 0.15-0.30 3.25-3.75 …… 0.20-0.30
G50150 5015 0.12-0.17 0.30-0.50 0.040 0.040 0.15-0.30 …… 0.30-0.50 ……
G50460 5046 0.43-0.50 0.75-1.00 0.040 0.040 0.15-0.30 …… 0.20-0.35 ……
G51150 5115 0.13-0.18 0.70-0.90 0.040 0.040 0.15-0.30 …… 0.70-0.90 ……
G51300 5130 0.28-0.33 0.70-0.90 0.040 0.040 0.15-0.30 …… 0.80-1.10 ……
G51320 5132 0.30-0.35 0.60-0.90 0.040 0.040 0.15-0.30 …… 0.75-1.00 ……
G15116 E51100 0.95-1.10 0.25-0.40 0.040 0.040 0.15-0.30 …… 0.90-1.15 ……
G15216 E52100 0.95-1.10 0.25-0.40 0.040 0.040 0.15-0.30 …… 1.30-1.60 ……
G61500 6150 0.48-0.53 0.70-0.90 0.040 0.040 0.15-0.30 …… 0.80-1.10 V–0.15 min.
G86170 8617 0.15-0.20 0.70-0.90 0.040 0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25
G86300 8630 0.28-0.33 0.70-0.90 0.040 0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25
G86400 8640 0.38-0.43 0.75-1.00 0.040 0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25
G86420 8642 0.40-0.45 0.75-1.00 0.040 0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25
G86450 8645 0.43-0.48 0.75-1.00 0.040 0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25
G86500 8650 0.48-0.53 0.75-1.00 0.040 0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25
G86550 8655 0.50-0.60 0.75-1.00 0.040 0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25
G86600 8660 0.55-0.65 0.75-1.00 0.040 0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.15-0.25
G87200 8720 0.18-0.23 0.70-0.90 0.040 0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.20-0.30
G87350 8735 0.33-0.38 0.75-1.00 0.040 0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.20-0.30
G87400 8740 0.38-0.43 0.75-1.00 0.040 0.040 0.15-0.30 0.40-0.70 0.40-0.60 0.20-0.30
G92600 9260 0.55-0.65 0.70-1.00 0.040 0.040 1.80-2.20 …… …… ……
G92620 9262 0.55-0.65 0.75-1.00 0.040 0.040 1.80-2.20 …… 0.25-0.40 ……

E9310 0.08-0.13 0.45-0.65 0.025 0.025 0.20-0.35 3.30-3.50 1.00-1.40 0.08-0.15
A The chemical ranges and limits shown are subject to product analysis tolerances. See Specification A 505.
B Other silicon ranges are available. Consult the producer.
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Designation: A 1033 – 04

Standard Practice for
Quantitative Measurement and Reporting of Hypoeutectoid
Carbon and Low-Alloy Steel Phase Transformations 1

This standard is issued under the fixed designation A 1033; 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 covers the determination of hypoeutectoid
steel phase transformation behavior by using high-speed
dilatometry techniques for measuring linear dimensional
change as a function of time and temperature, and reporting the
results as linear strain in either a numerical or graphical format.

1.2 The practice is applicable to high-speed dilatometry
equipment capable of programmable thermal profiles and with
digital data storage and output capability.

1.3 This practice is applicable to the determination of steel
phase transformation behavior under both isothermal and
continuous cooling conditions.

1.4 This practice includes requirements for obtaining met-
allographic information to be used as a supplement to the
dilatometry measurements.

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:2

E 3 Practice for Preparation of Metallographic Specimens
E 112 Test Methods for Determining Average Grain Size
E 407 Practice for Microetching Metals and Alloys

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 diametrical linear engineering strain—the strain, ei-

ther thermal or resulting from phase transformation, that is
determined from a change in diameter as a result of a change
in temperature, or over a period of time, and which is expressed
as follows:

eD 5 Dd/d0 5 ~d1 2 d0!/d0

3.1.2 hypoeutectoid steel—a term used to describe a group
of carbon steels with a carbon content less than the eutectoid
composition (0.8 % by weight).

3.1.3 longitudinal linear engineering strain—the strain, ei-
ther thermal or resulting from phase transformation, that is
determined from a change in length as a result of a change in
temperature, or over a period of time, and which is expressed
as follows:

eL 5 Dl/L0 5 ~l1 2 l0!/l0

3.1.4 steel phase transformation—during heating, the crys-
tallographic transformation from ferrite, pearlite, bainite, mar-
tensite or combinations of these constituents to austenite.
During cooling, the crystallographic transformation from aus-
tenite to ferrite, pearlite, bainite, or martensite or a combination
thereof.

3.1.5 volumetric engineering strain—the strain, either ther-
mal or resulting from phase transformation, that is determined
from a change in volume as a result of a change in temperature,
or over a period of time, and which is expressed as follows:

eV 5 Dv/v0 5 ~v1 2 v0!/v0

eV ' 3eL ' 3eD

3.2 Symbols:
eL = longitudinal linear engineering strain
eD = diametrical linear engineering strain
eV = volumetric engineering strain
Dl = change in test specimen length
l1 = test specimen length at specific temperature or time, or

both
l0 = initial test specimen length
Dd = change in test specimen diameter
d1 = test specimen diameter at specific temperature or time,

or both
d0 = initial test specimen diameter
Dv = change in test specimen volume
v1 = test specimen volume at a specific temperature or time,

or both
v0 = initial test specimen volume
Ac1 = the temperature at which austenite begins to form on

heating

1 This practice is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.13 on Mechanical and Chemical Testing and Processing Methods of Steel
Products and Processes.

Current edition approved March 1, 2004. Published March 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.
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Ac3 = the temperature at which the transformation of ferrite
to austenite is complete on heating

Ms = the temperature at which the transformation of auste-
nite to martensite starts during cooling

4. Summary of Practice

4.1 This practice is based upon the principle that, during
heating and cooling of steels, dimensional changes occur as a
result of both thermal expansion associated with temperature
change and phase transformation. In this practice, sensitive
high-speed dilatometer equipment is used to detect and mea-
sure the changes in dimension that occur as functions of both
time and temperature during defined thermal cycles. The
resulting data are converted to discrete values of strain for
specific values of time and temperature during the thermal
cycle. Strain as a function of time or temperature, or both, can
then be used to determine the beginning and completion of one
or more phase transformations.

5. Significance and Use

5.1 This practice is used to provide steel phase transforma-
tion data required for use in numerical models for the predic-
tion of microstructures, properties, and distortion during steel
manufacturing, forging, casting, heat treatment, and welding.
Alternatively, the practice provides end users of steel and
fabricated steel products the phase transformation data required
for selecting steel grades for a given application by determin-
ing the microstructure resulting from a prescribed thermal
cycle.

5.1.1 There are available several computer models designed
to predict the microstructures, mechanical properties, and
distortion of steels as a function of thermal processing cycle.
Their use is predicated on the availability of accurate and
consistent thermal and transformation strain data. Strain, both
thermal and transformation, developed during thermal cycling
is the parameter used in predicting both microstructure and
properties, and for estimating distortion. It should be noted that
these models are undergoing continued development. This
process is aimed, among other things, at establishing a direct
link between discrete values of strain and specific microstruc-
ture constituents in steels. This practice describes a standard-
ized method for measuring strain during a defined thermal
cycle.

5.1.2 This practice is suitable for providing data for com-
puter models used in the control of steel manufacturing,
forging, casting, heat-treating, and welding processes. It is also
useful in providing data for the prediction of microstructures
and properties to assist in steel alloy selection for end-use
applications.

5.1.3 This practice is suitable for providing the data needed
for the construction of transformation diagrams that depict the
microstructures developed during the thermal processing of
steels as functions of time and temperature. Such diagrams
provide a qualitative assessment of the effects of changes in
thermal cycle on steel microstructure. Appendix X2 describes
construction of these diagrams.

5.2 It should be recognized that thermal and transformation
strains, which develop in steels during thermal cycling, are
sensitive to chemical composition. Thus, anisotropy in chemi-

cal composition can result in variability in strain, and can affect
the results of strain determinations, especially determination of
volumetric strain. Strains determined during cooling are sen-
sitive to the grain size of austenite, which is determined by the
heating cycle. The most consistent results are obtained when
austenite grain size is maintained between ASTM grain sizes of
5 to 8. Finally, the eutectoid carbon content is defined as 0.8 %
for carbon steels. Additions of alloying elements can change
this value, along with Ac1 and Ac3 temperatures. Heating
cycles need to be employed, as described below, to ensure
complete formation of austenite preceding strain measurements
during cooling.

6. Ordering Information

6.1 When this practice is to be applied to an inquiry,
contract, or order, the purchaser shall so state and should
furnish the following information:

6.1.1 The steel grades to be evaluated,
6.1.2 The test apparatus to be used,
6.1.3 The specimen configuration and dimensions to be

used,
6.1.4 The thermal cycles to be used, and
6.1.5 The supplementary requirements desired.

7. Apparatus

7.1 This practice is applicable to several types of commer-
cially available high-speed dilatometer apparatus, which have
certain common features. These include the capabilities for:
heating and cooling a steel specimen in vacuum or other
controlled atmosphere; programmable thermal cycles; inert gas
or liquid injection for rapid cooling; continuous measurement
of specimen dimension and temperature; and digital data
storage and output. The apparatus differ in terms of method of
specimen heating and test specimen design.

7.1.1 Dilatometer Apparatus Using Induction Heating—
The test specimen is heated by suspending it inside an
induction-heating coil between two platens as shown schemati-
cally in Fig. 1. Cooling is accomplished by a combination of
controlled reduction in heating current along with injection of
inert gas onto the test specimen. Dimensional change is
measured by a mechanical apparatus along the longitudinal
axis of the test specimen, and temperature is measured by a
thermocouple welded to the surface of the specimen at the
center of the specimen length. For this apparatus, only Type R
or S thermocouples should be used.

7.1.2 Dilatometer Apparatus Using Resistance Heating3—
The test specimen is supported between two grips as shown
schematically in Fig. 2, and heated by direct resistance heating.
Cooling is accomplished by a combination of controlled
reduction in heating current along with injection of inert gas
onto the test specimen or internal liquid quenching. Dimen-
sional change is measured along a diameter at the center of the
test specimen length, and temperature is measured by a

3 The sole source of supply of the apparatus known to the committee at this time
is Dynamic Systems Incorporated, Postenkill, NY. If you are aware of alternative
suppliers, please provide this information to ASTM International Headquarters.
Your comments will receive careful consideration at a meeting of the responsible
technical committee1, which you may attend.
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thermocouple welded to the surface of the specimen at the
center of the specimen length. Dimensional change can be
measured by either mechanical or non-contact (laser) dimen-
sion measuring apparatus. Temperature measurement can be
made using Type K, Type R, or Type S thermocouples.

8. Test Specimens and Sampling of Test Specimens

8.1 Test Specimens—The test specimens to be used with
each type of test equipment shall be selected from those shown
in Figs. 3-5.

8.1.1 Dilatometers Apparatus Using Induction Heating—
The specimens to be used with this type of apparatus are shown
in Fig. 3. The solid specimens may be used for all thermal
cycling conditions. The hollow specimens may also be used for
all thermal cycling conditions. The hollow specimens will
achieve the highest cooling rates when gas quenching is
employed.

8.1.2 Dilatometer Apparatus Using Resistance Heating3—
The specimens for use with this type of apparatus are shown in
Figs. 4 and 5. The specimen with the reduced center section
(Fig. 4) allows for internal cooling of the specimen ends by
either liquid or gas. The solid specimen shown in Fig. 5 may be

used for all thermal cycling conditions. The hollow specimen
shown in Fig. 5 may also be used for all thermal cycling
conditions. The hollow specimens will achieve the highest
cooling rates when quenching is employed.

8.2 Sampling—Test specimens may be obtained from any
steel product form, including steel bar, plate, and sheet and
strip products. Care should be exercised to avoid the effects of
metallurgical variables, such as chemical segregation, in deter-
mining where test specimens are obtained from a product form.
Procedures have been designed that offer the advantage of
equivalency of strain determination using specimens from both
types of apparatus described in 7.1.1 and 7.1.2. For equiva-
lency of strain, the orientation of the longitudinal axis of test
specimens for induction heating apparatus should be at 90
degrees to the longitudinal axis of specimens for resistance
heating.

8.2.1 Example Sampling for Steel Bar Product Forms—
Where material thickness permits, a selected test specimen
should be machined from the mid-radius position. Where
material thickness is insufficient to permit machining a selected
test specimen from the mid-radius position but sufficient to
permit machining the test specimen from the mid-diameter

FIG. 1 Schematic of Transformation Testing Using Induction Heating

FIG. 2 Schematic of Transformation Testing Using Resistance Heating
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position, the test specimen may be obtained from the mid-
diameter position. In all cases, material thickness must be
sufficient to permit machining a fully dimensioned test speci-
men.

8.2.1.1 Dilatometer Apparatus Using Induction Heating—
The test specimens are to be machined with the longitudinal

axis of the test specimen perpendicular to the rolling direction
of the bar. Fig. 6 shows example orientations.

8.2.1.2 Dilatometer Apparatus Using Resistance Heating—
The test specimens are to be machined with the longitudinal
axis of the test specimen parallel to the rolling direction of the
bar. Fig. 6 shows example orientations.

NOTE—All machining surface finishes being 0.8 µm RMS
FIG. 3 Test Specimens for Induction Heating Apparatus

NOTE—All machining surface finishes being 0.8 µm RMS

Test Specimen Dimension Guide Table
Specimen Length,
L1 6 0.10 (mm)

Specimen Half Length,
L2 6 0.05 (mm)

Reduced Section Length,
L3 6 0.025 (mm)

Reduced Section Diameter,
D3 6 0.025 (mm)

OD at Grip End,
D1 6 0.025 (mm)

ID at Grip End,
D2 6 0.025 (mm)

Grip End Drill Depth,
L4 6 0.05 (mm)

90 45 6 6 10 6.3 40
84 42 6 6 10 6.3 37
84 42 5 5 10 6.3 37

FIG. 4 Test Specimens with Reduced Center Section for Resistance Heating Apparatus
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NOTE—All machining surface finishes being 0.8 µm RMS.

Test Specimen Dimension Guide Table
Specimen Length,
L1 6 0.10 (mm)

Specimen Half Length,
L2 6 0.05 (mm)

Reduced Section Length,
L3 6 0.025 (mm)

Reduced Section Diameter,
D3 6 0.025 (mm)

OD at Grip End,
D1 6 0.025 (mm)

ID at Grip End,
D2 6 0.025 (mm)

Grip End Drill Depth,
L4 6 0.05 (mm)

90 45 6 6 10 6.3 40
84 42 6 6 10 6.3 37
84 42 5 5 10 6.3 37

FIG. 5 Test Specimens for Resistance Heating Apparatus

FIG. 6 Machining Orientations for Bar Steel Product Forms
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9. Calibration

9.1 Apparatus and Components—Individually calibrate the
temperature, time (sampling rate), and length change signals
according to appropriate manufacturer’s recommendations.

9.2 Use of Standard Reference Material—To ensure accu-
rate test results, a calibration procedure must be followed
which involves using the apparatus to measure strain as a
function of temperature for a standard reference material. A test
specimen should be prepared from a standard reference mate-
rial for which thermal expansion data has been documented.
The test specimen should be heated to 1000°C6 5°C, at a
nominal rate of 1°C/s, held at temperature for 60 s and then
cooled at a nominal rate of 1°C/s to room temperature. This is
to be followed by a second thermal cycle whereby the test
specimen is heated to 1000°C6 5°C, at a nominal rate of
10°C/s and then cooled at a nominal rate of 10°C/s to room
temperature. The appropriate specimen dimension is to be
continuously measured during each thermal cycle.

9.3 Standard Reference Material—The standard reference
material recommended for calibration is high purity nickel
(99.995 %).

9.4 Calibration Curves—Curves of strain versus tempera-
ture are to be prepared from the dimension measurements for
both thermal cycles. Such curves must compare favorably with
an accepted strain-temperature curve for the selected reference
material. A recommended strain-temperature curve for high
purity nickel is shown in Fig. 7. The band describes an error
band of63 % strain calculated at 800°C. The curves deter-
mined by the user of this practice must fall within this band.

10. Procedure

10.1 Test Environment—All thermal cycles employed shall
be carried out under a vacuum of 13 10-5 torr maximum.

10.2 Test Specimen Preparation—Test specimens are to be
machined from steel product stock to the dimensions and
tolerances shown in Figs. 3-5. Test specimens must be properly
prepared and thermocouples must be properly attached to the
specimens to ensure reliable and repeatable results. Care must
also be taken to properly install specimens in the dilatometer
apparatus. Procedures for specimen preparation and installa-
tion are described below.

10.2.1 Dilatometer Apparatus Using Induction Heating—
The test specimen must be degreased using a solvent such as
acetone or methyl alcohol. To achieve a proper connection of
the thermocouple to the test specimen, the surface of the test
specimen, at the point of thermocouple attachment, must be
lightly sanded using a 600 grit paper to remove any surface
oxide. Significant removal of metal must be avoided. The
length and diameter of the test specimen must then be
measured with a micrometer. The diameter must be measured
at a point away from the sanded region to avoid any error in
measuring actual diameter. These measurements will aid in
verifying dimensional changes that occur during thermal cy-
cling. The thermocouple must then be welded to the surface of
the test specimen. Sheathed thermocouple wires with a nomi-
nal diameter of 0.13 mm must be used. The thermocouple
wires must be individually welded to the specimen surface at
the point of attachment, and separated from each other by two
wire diameters. The welding procedure must result in a secure
attachment of each wire, but must avoid excessive melting of
either wire. This will weaken the interface between unwelded
and welded sections of each wire, and could also cause metal
flow between the wires, which will result in an erroneous
voltage output from the thermocouple. The specimen must be
then placed between the holding platens in the dilatometer
apparatus giving attention to achieving the best possible

FIG. 7 Strain versus Temperature for High Purity Nickel
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alignment. For maximum accuracy, the length change measur-
ing device, for example, the linear variable differential trans-
former (LVDT), must be adjusted so that it will not pass
through its natural zero point during thermal cycling. Once the
specimen is in place, the insulating sheaths on the thermo-
couple wires must be moved along the thermocouple wires
until they contact the specimen surface. This will prevent
undesirable heat loss, and will avoid contact between the two
thermocouple wires. Once the specimen has been subjected to
thermal cycling as described below, and has been removed
from the apparatus, the thermocouple sheaths may be moved
away from the test specimen surface, and the thermocouple
leads cut away. The specimen diameter and length must then be
re-measured as described above.

10.2.2 Dilatometer Apparatus Using Resistance Heating—
The test specimen must be degreased using a solvent such as
acetone or methyl alcohol. To achieve a proper connection of
the thermocouple to the test specimen, the surface of the test
specimen, at the point of thermocouple attachment, must be
lightly sanded using a 600 grit paper to remove any surface
oxide. Significant removal of metal is to be avoided. The
diameter of the test specimen must then be measured with a
micrometer. The diameter must be measured at a point away
from the sanded region to avoid any error in measuring actual
diameter. These measurements will aid in verifying dimen-
sional changes that occur during thermal cycling. The thermo-
couple must then be welded to the surface of the test specimen.
Thermocouple wires with a nominal diameter of 0.2 mm must
be used. The thermocouple wires must be individually welded
to the specimen surface at the mid-span of the specimen and
perpendicular to the longitudinal axis of the specimen. The
wires must be separated from each other by five wire diam-
eters. A ceramic tube is used to cover each wire at the junction
to minimize heat loss to the environment. The welding proce-
dure must result in a secure attachment of each wire, but must
avoid excessive melting of either wire. This will weaken the
interface between unwelded and welded sections of each wire,
and could also cause metal flow between the wires, which will
result in an erroneous voltage output from the thermocouple.
The specimen must then be inserted into the jaws or grips of
the apparatus, with the thermocouple located at the mid-span,
and aligned such that the thermocouple will not interfere with
the dimension measuring apparatus. The specimen must then
be tightened in the jaws or grips while maintaining alignment
of the thermocouple and positioning of the specimen. The jaws
or grips must be tightened evenly to avoid mechanical stresses
on the test specimen. The jaws or grips must allow for free
expansion and contraction of the test specimen during heating
and cooling. Once the specimen has been subjected to thermal
cycling as described below, and has been removed from the
apparatus, the thermocouple leads may be cut away. The
specimen diameter must then be re-measured as described
above.

10.3 Test Specimen Stabilization—Remove residual stresses
and stabilize the position of the test specimen within the
apparatus. Carry out a preliminary thermal treatment of each
test specimen prior to measuring dimensional change during
thermal cycling. This treatment consists of heating the test

specimen to 650°C6 5°C, at a nominal rate of 10°C/s, holding
the test specimen at 650°C for 10 min and then cooling to room
temperature at a cooling rate not exceeding 20°C/s. The test
specimen must not be removed from the apparatus prior to
conducting dimensional measurements.

10.4 Determination of Critical Temperatures—The critical
temperatures, Ac1 and Ac3, shall be determined from a test
specimen separate from those used for other transformation
measurements. The thermal cycle to be used is to heat the test
specimen to 700°C6 5°C, at a nominal rate of 10°C/s. Heating
must then be continued at a nominal rate of 28°C/h while strain
is continuously measured until the Ac1 and Ac3 temperatures
are identified. Strain increases with temperature until Ac1 is
reached. Ac1 is the temperature at which austenite begins to
form on heating, and strain will begin to decrease with
increasing temperature. Ac3 is the temperature at which the
transformation from ferrite to austenite is completed and strain
will again begin to increase with increasing temperature. Both
critical temperatures can be determined from changes in the
slope of a strain versus temperature plot as shown in Fig. 8.

10.5 Continuous Cooling Transformation Data Sets—Each
continuous cooling transformation thermal cycle shall consist
of heating a test specimen to an austenitizing temperature of
Ac3 + 50°C 6 5°C at a nominal rate of 10°C/s. The test
specimen shall be held at the austenitizing temperature for 5
min and then cooled to room temperature at nominal rates of
0.05 to 250°C/s. Data must be sampled and recorded at the rate
of one dimension measurement per degree Celsius. Linear
cooling rates are to be utilized to the maximum cooling rate
possible. At cooling rates where linear control is not possible,
the rate at 700°C is to be reported along with the cooling time
between 800°C and 500°C. A separate test specimen shall be
used for each thermal cycle. At least twelve specimens must be
evaluated to completely characterize each steel composition
over the range of cooling rates cited above. The specific
cooling rates used may be selected at the discretion of the user
of this practice. Replicate tests may be desirable if uncertainty
in one or more test results is encountered.

10.6 Isothermal Transformation Data Sets—Each isother-
mal transformation thermal cycle shall consist of heating a test
specimen to an austenitizing temperature of Ac3+ 50°C6 5°C,
at a nominal rate of 10°C/s. The test specimen shall be held at
the austenitizing temperature for 5 min and then quenched to
the isothermal hold temperature. A cooling rate of at least
175°C/s shall be employed. During the quench, the tempera-
ture of the test specimen must not undershoot the isothermal
hold temperature by more than 20°C, and must be stabilized at
the isothermal hold temperature within 2 s. The temperature of
the specimen must be maintained within65°C of the isother-
mal hold temperature during dimension measurement. The test
specimen is to be held at the isothermal hold temperature, and
dimension continuously measured until transformation is
100 % complete. The specimen must then be quenched to room
temperature. Data must be sampled and recorded at a rate of at
least five dimension measurements per second. Complete
transformation is defined as the time at which maximum
dimensional change has occurred. A separate test specimen
shall be employed for each thermal cycle. At least twelve
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specimens must be evaluated over a temperature range between
Ac1 and room temperature to completely characterize each

steel composition. Specific isothermal hold temperatures may
be selected at the discretion of the user of this practice.

FIG. 8 Strain versus Temperature Showing Determination of Ac 1 and Ac 3 Temperatures

FIG. 9 Strain versus Temperature for Continuous Cooling
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Replicate tests may be desirable if uncertainty in one or more
test results is encountered. The purpose of quenching from the
austenitizing temperature is to avoid transformation of auste-
nite prior to the isothermal hold temperature, and to permit
measurement of the start, progress, and finish of transformation

at constant temperature. It should be recognized that some steel
grades might exhibit very rapid transformation kinetics at
certain temperatures, and partial transformation of austenite

FIG. 10 Example Continuous Cooling Transformation Diagram

FIG. 11 Strain and Temperature versus Time for Isothermal Transformation
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may occur during the quench. Under these circumstances
uncertainty in determining the start of transformation may be
encountered.

11. Calculation

11.1 The dimensional changes measured for each value of
time and temperature recorded during thermal cycling are to be
converted to values of average engineering strain as described
below.

11.2 Dilatometer Apparatus Using Induction Heating—
Linear longitudinal engineering strain is calculated by the
following equation:

eL 5 Dl/l0 5 ~l1 2 l0!/l0 (1)

where:
l0 = initial test specimen length, and
l1 = length of the test specimen at corresponding values of

time and temperature.
11.3 Dilatometer Apparatus Using Resistance Heating—

Linear diametrical engineering strain is calculated by the
following equation:

eD 5 Dd/d0 5 ~d1 2 d0!/d0 (2)

where:

d0 = initial test specimen diameter, and
d1 = final diameter of the test specimen at corresponding

values of time and temperature.

11.4 Determination of Thermal versus Transformation
Strain—Thermal strain is the strain developed only as a result
of temperature change. Transformation strain results from
crystallographic phase changes. Each type of strain can be
established as follows:

11.4.1 Isothermal Transformation Measurements—Thermal
strain occurs during the quench from the austenitizing tempera-
ture to the isothermal hold temperature. Thermal strain is
determined from the change in test specimen length or diam-
eter, which occurs between the austenitizing temperature and
the isothermal hold temperature. At the isothermal hold tem-
perature, the transformation strain is determined from the
change in test specimen length or diameter between the time at
which transformation begins and the time at which transfor-
mation ends.

11.4.2 Continuous Cooling Transformation
Measurements—Thermal strain occurs during the cooling from
the austenitizing temperature to room temperature. The thermal
strain between any two temperatures is determined from the
change in test specimen length or diameter between the two

FIG. 12 Example Isothermal Transformation Diagram
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temperatures. The transformation strain occurs over the tem-
perature range during which transformation takes place. The
transformation strain is determined from the change in test
specimen length or diameter between the temperature at which
transformation begins and the temperature at which transfor-
mation ends.

11.5 Volumetric Strain—Under certain circumstances it may
be desirable to estimate volumetric strain from linear strain.
Volumetric strain may be estimated as follows:

eV 5 Dv/v0 5 ~v1 2 v0!/v0 (3)

eV ' 3eL ' 3eD

12. Report

12.1 The report for each thermal cycle shall include the
following information (an appendix is attached to this practice
which provides a suggested format for reporting the informa-
tion):

12.1.1 Identification of the steel grade.
12.1.2 The chemical composition of the steel.
12.1.3 Additional information regarding the condition of the

steel at the time of testing if applicable. Such information
should include prior austenite grain size, initial microstructure,
and processing information.

12.1.4 Type of thermal cycle used in measuring transforma-
tions, for example, continuous cooling or isothermal.

12.1.5 Brief description of the apparatus used in the test.
12.1.6 Description of the test specimen used in the test and

orientation relative to the steel product form.

12.1.7 Numerical time-temperature-strain data. A row and
column format is suggested to permit ease of entry into
predictive computer models and to permit construction of
transformation diagrams. An example format is included with
this practice as an appendix item. The format used, however,
may be left to agreement between the person or organization
conducting the test and the person or organization which
contracts for the test.

12.1.8 Photomicrographs obtained from metallographic ex-
amination.

13. Reproducibility of Results

13.1 Reproducibility of results obtained from the use of this
practice will depend upon both test material variations and
variations in equipment capability. This practice relates to the
measurement of phase transformations in steel, which is not an
isotropic material. It is subject to variations in chemical
composition within a given section of a product form, and
these variations will affect measured results. The types of
high-speed dilatometer apparatus used in the testing described
in this practice have evolved over several years. As a result,
reproducibility of results will depend upon the response of
temperature, time (sampling rate), and length change signals of
given apparatus to changes in specimen test temperature and
dimension during thermal cycling.

14. Keywords

14.1 dilatometry; phase transformations; steel; strain

SUPPLEMENTARY REQUIREMENTS

This requirement only applies when specified by the person or organization contracting for this
practice.

S1. Metallography
S1.1 Test Specimens—The microstructure of test specimens

shall be documented. Practices E 3 and E 407 shall be fol-
lowed. The details of the metallographic examination, includ-
ing the number, type (longitudinal, transverse, and so forth),
and locations (mid-thickness, quarter-thickness, and so forth)
of the specimens shall be as agreed between the purchaser and
the testing organization.

NOTE —In addition to documenting all of the products of transforma-

tion of austenite and the amount of retained austenite in the microstruc-
ture, it may be desirable to determine the prior austenite grain size of one
or more specimens. Procedures for this determination are described in Test
Methods E 112 as well as in other documents referenced at the end of this
practice. It may also be desirable to check the specimens for decarburiza-
tion. If decarburization is detected in a specimen, a new specimen should
be tested. It may be desirable to document the initial microstructure prior
to performing transformation measurement procedures using a separate
specimen that has not been subjected to transformation measurement
procedures.
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APPENDIXES

(Nonmandatory Information)

X1. SUGGESTED FORMAT FOR REPORTING DATA

X1.1 The following is a suggested format for reporting
transformation strain data as a function of time and tempera-
ture. It may be used as a guide or a template.

1] FILE NAMING. Tab delimited text with file names
having the following structure:

<steel grade> _ <prior austenite grain size> _ <LABORA-
TORY NAME> _ <cooling rate in °C/s or isothermal hold
temperature in °C> _ <completion date in MMDDYY> _ <run
number>.DAT

An example file name is as follows:
1050_9_ABC_600_091102_3.DAT
In this example, Laboratory ABC performed an isothermal

test on September 11, 2002, and the file is for the third 600°C
run performed on that day. The material has a prior austenite
grain size of ASTM 9. Caps are used for the laboratory name
and the file extension, DAT.

2] PEDIGREE. The pedigree must be in a fixed format with
the same number of lines in each file. The format below is to
have two entries on every line. The first entry is the data
specific to the test, while the second entry explains what the
first entry is. The second entry should be typed in exactly the
same way in the data files. There should be no blanks. Put NA
for “Not Applicable” if there is no information to provide.

Rows 1–2: File Name And Material Provider
row 1: repeat of file name FILE NAME
row 2: material supplier SOURCE

Rows 3–18: Material Chemical Composition In Weight
Percent.

Each line should have two entries separated by a space. The
first entry should be the number value of the weight percent of
the element. The second entry should be the letter designation
(for example, C, Mn) for the element. If a given element is not
present, type in a “0.0” for this element. There should be no
blanks.

row 3: number C
row 4: number Mn
row 5: number Si
row 6: number Ni
row 7: number Cr
row 8: number Mo
row 9: number S
row 10: number Co
row 11: number Cu
row 12: number P
row 13: number V
row 14: number Ti

row 15: number Nb
row 16: number B
row 17: number N
row 18: number Al
row 19: number O

Rows 20–21: Additional Material Information.
row 20: number STEEL HEAT IDENTIFICATION
NUMBER
row 21: number ASTM PRIOR AUSTENITE GRAIN
SIZE NUMBER

Use “NA” for “Not Applicable” if there is no entry.
Rows 22–26: Specimen Preparation Information.

row 22: remarks on material PREPARATION
REMARKS
row 23: transverse or longitudinal specimen
geometry TRANS or LONG
row 24: machining location QUARTER/MID
THICKNESS/ RADIUS
row 25: machining source MACHINING SOURCE
row 26: specimen type SOLID/HOLLOW

Use “NA” for “Not Applicable” if there is no entry.
Rows 27–29: Apparatus Information.

row 27: apparatus used for test INDUCTION/
RESISTANCE
row 28: test laboratory LABORATORY NAME
row 29: remarks on platform REMARKS

Use “NA” for “Not Applicable” if there is no entry.
Rows 30–33: Post-Test and Author Information.

row 30: metallography YES/NO
row 31: metallography archive identification
IDENTIFICATION
row 32: remarks on test performed TEST REMARKS
row 33: author of this file AUTHOR

Use “NA” for “Not Applicable” if there is no entry.
3] DATA STRUCTURE. First line after the pedigree should

be a single header that describes each of the columns. The
labels of each column, in order, should read exactly as follows
(do not use quotation marks or commas):

TIME (s) TEMPERATURE (°C) LINEAR STRAIN
STRESS (MPa)

There should be four columns in total. Data should be
entered in each column. Dimension measurements should be
converted to linear engineering strain. To do this, simply divide
the dilatometer measurement by the original room temperature
specimen length or diameter as required.
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X2. GRAPHICAL ESTIMATES OF TRANSFORMATION PROGRESS AND CONSTRUCTION OF
TRANSFORMATION DIAGRAMS

X2.1 Estimates of the progress of transformation of auste-
nite can be made through the use of strain-temperature plots for
continuous cooling transformation conditions, and through the
use of strain-time plots for isothermal transformation condi-
tions. It should be emphasized that graphical estimates of
transformation progress are of a qualitative nature only. The
discrete temperature-time-strain data are needed for computer
modeling. These estimates can be used however to construct
transformation diagrams that exhibit the microstructures that
can be expected from various thermal cycling conditions.

X2.2 Progress of Transformation Under Continuous Cool-
ing Conditions—The progress of austenite transformation
under continuous cooling conditions can be estimated from
plots of strain versus temperature. Each continuous cooling test
carried out as described in 10.5 results in discrete correspond-
ing values of time, temperature, and strain. Strain is plotted
versus temperature for each continuous cooling cycle using the
strain and temperature data as described in 12.1.7. An example
of the resulting graph is shown in Fig. 9. As can be seen in Fig.
9, strain increases with temperature during heating until the
Ac1 temperature is reached. Strain then decreases during
austenite formation until the Ac3 temperature is reached, where
upon strain then increases with temperature. During cooling of
the austenite, strain decreases approximately linearly until
transformation starts. Once begun, the start and finish of the
formation of various microstructure constituents can be esti-
mated from inflections in the slope of the cooling portion of the
strain-temperature plot. These are shown as points A, B, and C
in Fig. 9. In this example, the continuous transformation of
austenite to several different constituents is shown, and the
constituents are annotated along the top of the figure. The
progress of austenite transformation may be estimated in each
strain-temperature plot using a method involving the construc-
tion of constant percent transformation lines such as the 10 %,
50 %, and 75 % transformation lines shown in Fig. 9. The
method makes the assumption that the progress of transforma-
tion is linearly dependent on strain. The austenite cooling curve
is first extrapolated to low temperatures, as shown by the
dashed line extending from Point A in Fig. 9. At each of several
temperatures, the difference in strain between the heating curve
and the extrapolated austenite cooling curve is calculated. This
difference is multiplied by a selected percentage and added to
the value of strain shown by the extrapolated austenite cooling
curve. This gives a value of strain at each temperature
representing the selected percent of austenite transformed. This
results in a locus of points representing a constant percent of
austenite transformed. This series of calculations can be
repeated for any desired percentage of transformation. The
progress of transformation can be estimated by tracing the
cooling curve across the constant transformation lines. It
should be noted that the lines are an estimate of the percent
austenite transformed, and do not necessarily indicate the final
volume fractions of microstructure constituents. Metallo-
graphic analysis is recommended to determine the relative

amounts of various microstructure constituents once transfor-
mation is complete. This entire process is repeated for each
continuous cooling cycle used to characterize a given steel
grade in order to evaluate transformation behavior as a function
of cooling rate. It should be emphasized that the microstructure
constituents formed will vary with cooling rate as well as with
steel composition. In some cases, only ferrite plus pearlite may
form, and in other cases only martensite may form, and so
forth. Also, for some steel grades, transformation may not be
continuous, but may halt for a temperature interval. Thus the
position and magnitude of the inflection points on the cooling
portion of the strain-temperature curve will vary.

X2.3 Construction of Continuous Cooling Transformation
Diagrams—Continuous cooling transformation diagrams may
be constructed from strain-temperature plots, and the associ-
ated temperature-time cooling curves. All of the cooling rates
used to characterize a given steel grade are plotted as tempera-
ture versus time curves on a semi-logarithmic graph as shown
in Fig. 10. The cooling curves should commence at the vertical
axis from the Ac3 temperature to eliminate any variability in
cooling time due to differences in austenitizing temperature.
From the strain-temperature curve for each cooling rate (see
X2.1), the start and finish temperatures for the formation of
each microstructure constituent are marked on the correspond-
ing temperature-time curve. The locus of points representing
the start and finish of the formation of the same microstructure
constituent are joined together by a single line. The resulting
diagram, shown in Fig. 10 describes the range of cooling rates
over which a given microstructure constituent is formed.

X2.4 Progress of Transformation Under Isothermal
Conditions—The progress of austenite transformation under
isothermal conditions can be estimated from plots of strain
versus time and temperature versus time. Each isothermal test
carried out as described in 10.6 results in discrete correspond-
ing values of time, temperature, and strain. Both strain and
temperature are plotted versus time for each isothermal cycle
using the strain, temperature, and time data as described in
12.1.7. An example of such a graph is shown in Fig. 11. A
stable value of strain and temperature is exhibited during
austenitizing. Both temperature and strain rapidly decrease
during the quench to the isothermal hold temperature. Both
temperature and strain are stabilized at the isothermal hold
temperature, and strain then increases while temperature re-
mains constant as transformation proceeds. The start and finish
of transformation can be estimated by drawing horizontal lines
tangent to the point of minimum and maximum strain respec-
tively. The example shown is for the formation of a two
microstructure constituents as indicated by an initial increase in
strain, a short period of stable strain, and a second increase in
strain. If multiple constituents are formed, additional inflec-
tions in the strain time plot will be observed between the start
and finish of transformation. The progress of austenite trans-
formation can be estimated by taking the difference between
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the strain at the end of transformation and the strain at the
beginning of transformation, and multiplying this difference by
a selected percentage. The resulting value is then added to the
strain at the start of transformation. The strain value obtained
represents the percent austenite transformed. Fig. 11 shows the
50 % transformation of austenite as a horizontal line between
the start and finish of transformation. The progress of transfor-
mation can be estimated by tracing the strain-time curve across
the constant transformation lines. It should be noted that the
lines are an estimate of the percent austenite transformed, and
do not necessarily indicate the final volume fractions of
microstructure constituents. Metallographic analysis is recom-
mended to determine the relative amounts of various micro-
structure constituents once transformation is complete. This
entire process is repeated for each isothermal cycle used to
characterize a given steel grade in order to evaluate transfor-
mation behavior as a function of transformation temperature

and time. It should be emphasized that the microstructure
constituents formed will vary with steel composition. Thus the
position and magnitude of the inflection points on the strain-
time curve will vary.

X2.5 Construction of Isothermal Transformation
Diagrams—Isothermal transformation diagrams can be con-
structed from plots of strain versus time and temperature versus
time taken from all of the isothermal cycles used to character-
ize a given steel grade. The start and finish times for each
microstructure constituent at each isothermal temperature are
plotted as points on a semi-logarithmic temperature versus time
graph as shown in Fig. 12. The locus of points representing the
start and finish of the formation of the same microstructure
constituent are joined together by a single line. The resulting
diagram, shown in Fig. 12 describes the range of transforma-
tion times over which a given microstructure constituent is
formed at various temperatures.
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Designation: F 1267 – 01

Standard Specification for
Metal, Expanded, Steel 1

This standard is issued under the fixed designation F 1267; 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 expanded metal.
1.1.1 Expanded metal covered by this specification is in-

tended for a variety of applications.
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 and may be approximate.

1.3 The following precautionary caveat pertains only to the
test methods portion, Section 10, of this specification.This
standard does not purport to address all of the safety problems
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:
A 123/A 123M Specification for Zinc (Hot-Dip Galva-

nized) Coatings on Iron and Steel Products2

A 167 Specification for Stainless and Heat-Resisting
Chromium-Nickel Steel Plate, Sheet, and Strip3

A 176 specification for Stainless and Heat-Resisting Chro-
mium Steel Plate, Sheet, and Strip3

A 666 Specification for Annealed or Cold-Worked Austen-
itic Stainless Steel Sheet, Strip, Plate, and Flat Bar3

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment4

A 1008/A 1008M Specification for Steel, Sheet and Strip,
Hot-Rolled, Carbon, Structural, High-Strenght Low-Alloy,
and High-Strength Low Alloy with Improved Formability3

A 1011/A 1011M Specification for Steel, Sheet and Strip,
Hot-Rolled, Carbon, Structural, High-Strength Low-Alloy,
and High-Strength Low-Alloy with Improved Formability3

2.2 SAE Standard:

SAE J 1086 Metals and Alloys in the Unified Numbering
System5

2.3 Military Standards:6

MIL-C-16173 Corrosion Preventive Compound, Solvent
Cutback, Cold-Application

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

MIL-STD-163 Steel Mill Products Preparation for Ship-
ment and Storage

3. Classification

3.1 Expanded metal shall be of the following types, classes,
and grades as specified (see 4.1.2).

3.2 Type:
3.2.1 Type I—Expanded (see Fig. 1).
3.2.2 Type II—Expanded and flattened (see Fig. 2).
3.3 Class:
3.3.1 Class 1—Uncoated.
3.3.2 Class 2—Hot-dip zinc-coated (galvanized).
3.3.3 Class 3—Corrosion-resisting steel.
3.4 Grade:
3.4.1 Grade A—0.0025 in. (0.06 mm) minimum coating

thickness.
3.4.2 Grade B—0.0012 in. (0.03 mm) minimum coating

thickness.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information, as required, to describe the material
adequately:

4.1.1 ASTM designation,
4.1.2 Type, class, and grade of steel required (see 3.1),
4.1.3 Material required (see 5.1),
4.1.4 Direction of shear, if not as specified (see 5.2.1),
4.1.5 Length, width, and thickness of uncoated mesh, and

weight per square foot uncoated (see Tables 1-4),
4.1.6 Size of sheet required, if other than sizes specified in

6.1,
1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,

Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.19 on Steel Sheet and Strip.

Current edition approved Sept. 10, 2001. Published October 2001. Originally
published as F 1267 – 89. Last previous edition F 1267 – 91.

2 Annual Book of ASTM Standards, Vol 01.06.
3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 01.05.

5 Available from Society of Automotive Engineers, 400 Commonwealth Dr.,
Warrendale, PA 15096.

6 Available from Standardization Documents, Order Desk, Building. 4, Section
D, 700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



4.1.7 Whether or not sheets from which samples have been
selected for coating thickness test may be included as part of
material shipped (see 9.1.2), and

4.1.8 Optional requirements, if any (see Supplementary
Requirements S1 through S3).

5. Materials and Manufacture

5.1 Expanded metal shall be made from Commercial Steel
(CS Type B) carbon steel sheets as specified in A 1008 or
A 1011 or from stainless steel sheets as specified in A 167,
A 176, or A 666.

5.2 Expanded metal shall be manufactured from sheet steel
in thicknesses corresponding to Tables 1-4 as specified (see
4.1.5).

5.2.1 Unless otherwise specified (see 4.1.4), the steel shall
be sheared so that each sheet will be expanded into uniform
diamond-shaped openings, the longer diagonals of which shall
be parallel to the rolling direction of the sheet. The strands (c
on Fig. 1 and Fig. 2) that form the sides of the openings shall

FIG. 1 Type I, Expanded

FIG. 2 Type II, Expanded and Flattened

TABLE 1 Carbon Steel Sizes, Strand Sizes, and Weight for Type
I, Class 1 Metal A

Size of Mesh

Style
Designation

Dimensions Center to CenterB

of Bonds
Width of

Strand, in.
(See Fig.

1(c))

Weight
per

Square
Foot

Uncoated,
lbC

Width,
in. (See Fig.

1(a))

Length,
in. (See Fig.

1(b))

1⁄2 number 18 0.48 1.2 0.084–0.092 (0.70–0.77)
3⁄4 number 13 0.92 2.0 0.090–0.100 0.80
3⁄4 number 10 0.92 2.0 0.136–0.150 1.20
3⁄4 number 9 0.92 2.0 0.136–0.150 1.80

1.33 5.33 0.259–0.269 3.00
3 pound grating 1.44 5.00 0.232–0.242 3.00
4 pound grating 1.33 5.33 0.292–0.304 4.00
11⁄2 number 13 1.33 3.0 0.100–0.116 0.60
11⁄2 number 10 1.33 3.0 0.130–0.142 0.79
11⁄2 number 9 1.33 3.0 0.130–0.142 1.20
11⁄2 number 6 1.33 3.0 0.195–0.210 2.50
4.27 pound
grating

1.412 4.0 0.292–0.304 4.27

3.14 pound
grating

2.00 6.00 0.305–0.317 3.14

A 1 in. = 25.4 mm; 1 lb = 0.454 kg.
B A tolerance of 610 % is permitted in dimensions, center to center.
C A variation in weight per square foot of 65 % is permissible, based on the

weight of any sheet or bundle.

TABLE 2 Carbon Steel Sizes, Strand Sizes, and Weight for Type
II, Class 1 Metal A

Size of Mesh

Style
Designation

Dimensions Center to CenterB

of Bonds
Width of

Strand, in.
(See Fig.

2(c))

Weight
per

Square
Foot

Uncoated,
lbC

Width,
in. (See

Fig. 2(a))

Length,
in. (See

Fig. 2(b))

1⁄4 number 18 0.25 1.031 0.080 1.80
1⁄2 number 40 0.462 1.26 0.065 0.38
1⁄2 number 18 0.462 1.26 0.100 0.70
1⁄2 number 16 0.462 1.26 0.089 0.80
1⁄2 number 13 0.462 1.26 0.111 1.40
3⁄4 number 16 0.850 2.12 0.110 0.55
3⁄4 number 13 0.923 2.12 0.137 0.76
3⁄4 number 9 0.923 2.12 0.157 1.71

1 number 16 1.05 2.562 0.106 0.41
11⁄2 number 16 1.33 3.20 0.127 0.38
11⁄2 number 13 1.33 3.20 0.130 0.57
11⁄2 number 9 1.33 3.20 0.165 1.14

A 1 in. = 25.4 mm; 1 lb = 0.454 kg.
B A tolerance of 610 % is permitted in dimensions, center to center.
C A variation in weight per square foot of 65 % is permissible, based on the

weight of a bundle.

TABLE 3 Stainless Steel Styles, Weights, Dimensions, and
Sheet Sizes for Type I, Class 3 Metal A

Style
Designation

Weight per
Square Foot,

lbB

Size of MeshC

Strand, in.C

(See Fig. 1 (c))Width, in.
(See Fig. 1 (a))

Length, in.
(See Fig. 1 (b))

1⁄2 No. 18 0.73 0.480 1.20 0.085
1⁄2 No. 16 0.91 0.480 1.20 0.085
3⁄4 No. 18 0.47 0.900 2.00 0.100
3⁄4 No. 16 0.60 0.900 2.00 0.100
3⁄4 No. 13 0.91 0.900 2.00 0.100
3⁄4 No. 9 2.05 0.900 2.00 0.150

11⁄2 No. 16 0.43 1.33 3.00 0.115
11⁄2 No. 13 0.68 1.33 3.00 0.115
11⁄2 No. 9 1.37 1.33 3.00 0.155

A 1 lb = 0.454 kg; 1 in. = 25.4 mm.
B A variation in weight per square foot of 65 % is permissible, based on the

weight of any sheet or bundle.
C A tolerance of 610 % is permitted in dimensions.
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be straight and shall be rectangular in cross-section. Each
opening shall be integral with adjoining openings by means of
unsheared bonds (see Fig. 1 and Fig. 2) of the original sheet.

6. Dimensions, Mass, and Permissible Variations

6.1 Unless otherwise specified (see 4.1.6), Type I expanded
metal shall be furnished in sheets 4 ft (1.2 m) wide by 8 ft (2.4
m) long, and Type II, flattened, expanded metal shall be
furnished in sheets 4 ft (1.2 m) wide by 8 ft (2.4 m) long.

6.2 Types I and II expanded metal shall be furnished in
accordance with the weights and dimensions as specified in
Tables 1-4, respectively.

6.3 Tolerances for Type I sheets:
6.3.1 Strand width shall not vary in excess of610 % of the

nominal width.
6.3.2 Sheet width shall be not less than1⁄4 in. (6 mm) below

ordered width and shall not exceed1⁄8 in./ft of sheet width (10
mm/m of sheet width).

6.3.3 Sheet length on 96-in. (2.4-m) length sheets shall not
vary by an amount greater than plus3⁄4 in. (19 mm) or minus
0 in.

6.3.4 The greatest deviation of a side edge from a straight
line shall not exceed1⁄4 in. (6 mm) in 96 in. (2.4 m).

6.3.5 Sheet edges shall not deviate from parallel by more
than3⁄8 in. (10 mm) in 96 in. (2.4 m).

6.3.6 Sheet edges shall be such that any intersecting side
and edge shall not be out of square in excess of1⁄8 in./ft (10
mm/m).

6.3.7 Sheets shall be free from waves or buckles that are in
excess of3⁄4 in. (19 mm) from a plane surface.

6.3.8 Each sheet shall have closed diamond openings and
full length bonds on all sides.

6.4 Tolerances for Type II sheets:
6.4.1 Strand width shall not vary in excess of610 % of the

nominal width.
6.4.2 Sheet thickness after flattening shall not be greater

than 90 % and not less than 80 % of the nominal gage thickness
specified for the steel sheet.

6.4.3 Sheet width after flattening shall not be less than1⁄4 in.
(6 mm) below nominal width and shall not exceed1⁄8 in./ft (10
mm/m) of nominal width.

6.4.4 Sheet length after flattening shall not vary from the
nominal length by an amount greater than plus1⁄4 in. (6 mm) or
minus 0 in.

6.4.5 The greatest deviation of a side edge from a straight
line after flattening shall not exceed1⁄4 in. (6 mm) in 96 in. (2.4
m).

6.4.6 Sheet edges shall not deviate from parallel by more
than3⁄8 in. (10 mm) in 96 in. (2.4 m).

6.4.7 Ends of sheets, after shearing, shall not be more than
1⁄16 in./ft (5 mm/m) out of square, in relation to the side of the
sheet used to gage the shearing.

6.4.8 Sheets shall be free from waves or buckles that are in
excess of3⁄8 in. (10 mm) from a plane surface.

7. Workmanship, Finish, and Appearance

7.1 Workmanship:
7.1.1 The strands shall be substantially uniform in width

and thickness and shall be smooth and free from sharp edges.
Broken strands, weld-repaired strands, laminations, irregular-
shaped openings, and any other defects that may affect service-
ability shall not be acceptable.

7.1.2 Expanded metal shall be free from burrs and slivers.
7.1.3 Type II flattened, expanded metal shall have the

strands and bonds in the same plane as a result of passing
through flattening rolls.

7.2 Expanded metal coated with zinc (hot-dipped galva-
nized) shall comply with A 123/A 123M.

8. Sampling

8.1 Expanded metal sheets of the same material, type, class,
grade and dimensions, and manufactured under essentially the
same conditions, shall be considered a lot for purposes of
acceptance inspection and tests.

8.2 Sampling for Coating Thickness Test—A random
sample of expanded metal sheets shall be selected from each
inspection lot (see 8.1) of Class 2 material, in accordance with
Table 5, and subjected to the zinc-coating thickness test
specified in 10.2 and 10.3.

9. Specimen Preparation

9.1 Coating Thickness Test Specimens— Three test speci-
mens in the form of single strands having a length of one or
more sides of diamond openings shall be selected from each
sample sheet at or near diagonally opposite corners and at the
center of the sheet.

9.1.1 The specimen strands shall be selected on the basis of
visual appearance to represent the minimum coating thickness
in the specified location.

9.1.2 When specified (see 4.1.7), each sample sheet from
which strands have been removed may be included in the lot to

TABLE 4 Stainless Steel Styles, Weights, Dimensions, and
Sheet Sizes for Type II, Class 3 Metal A

Style
Designation

Weight per
Square Foot,

lbB

Size of MeshC

Strand, in.C

(See Fig. 2 (c))Width, in.
(See Fig. 2 (a))

Length, in.
(See Fig. 2 (b))

1⁄2 No. 18 0.70 0.475 1.24 0.100
1⁄2 No. 16 0.90 0.475 1.24 0.100
3⁄4 No. 18 0.46 0.900 2.100 0.118
3⁄4 No. 16 0.57 0.900 2.100 0.118
3⁄4 No. 13 0.88 0.900 2.100 0.118
3⁄4 No. 9 1.96 0.900 2.100 0.165

11⁄2 No. 16 0.42 1.330 3.100 0.130
11⁄2 No. 13 0.66 1.330 3.100 0.130
11⁄2 No. 9 1.32 1.330 3.100 0.165

A 1 lb = 0.454 kg; 1 in. = 25.4 mm.
B A variation in weight per square foot of 65 % is permissible, based on the

weight of any sheet or bundle.
C A tolerance of 610 % is permitted in dimensions.

TABLE 5 Sampling for Lot Acceptance

Number of Expanded Metal Sheets
in Inspection Lot

Number of Expanded Metal
Sheets for Test

40 or under 1
41 to 300 2

301 to 1300 3
1301 and over 4
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be shipped, provided they meet the requirements of this
specification. Such sheets shall be distinctly tagged to indicate
that they shall be used for construction requiring less than a full
size sheet.

9.2 Microscopic Thickness Test Specimens—The test speci-
mens representing lots failing to meet the thickness of coating
requirements using the test method of 10.2 shall be prepared
for microscopic measurement of coating thickness.

9.2.1 The strand specimens shall be cut so that the cross
section surfaces are exposed at approximately the midpoint of
the strand length.

9.2.2 The specimens shall be prepared using acceptable
metallographic methods and the coating thickness measured
microscopically at a suitable magnification (see 10.3).

10. Test Methods

10.1 Testing of Sample Expanded Metal Sheets for Lot
Acceptance:

10.1.1 Each of the sample expanded metal sheets selected in
accordance with Table 5 shall be thickness tested in accordance
with 9.1 and 10.2 to verify compliance with the zinc coating
requirement of this specification.

10.1.1.1 Any sample expanded metal sheet that does not
meet the requirement for zinc coating thickness as determined
by the microscopic test method of 10.3 shall be cause for
rejection of the lot represented by the sample.

10.2 Coating Thickness Test Method for Lot Acceptance:
10.2.1 Each single strand test specimen shall be visually

inspected, and that surface of the strand observed to have the
most nearly uniform coating shall be the tension surface when
the strand is subject to bending.

10.2.2 Each specimen shall be deformed by bending so that
the zinc coating is separated from the basis metal at the
approximate midpoint of the strand. The separated zinc coating
may be further stripped from the basis metal by means of a
knife or similar instrument until a flake of convenient size is
obtained.

10.2.3 The thickness of the zinc coating particle shall be
determined in at least four locations by measurement with
micrometer calipers of which the spindle and anvil are flat or
conical in shape and the ends are ground to1⁄16 in. (2 mm)
maximum radius.

10.2.3.1 If the zinc coating particle is not of sufficient size to
permit four measurements, an additional particle may be
removed from the strand in the same area and the thickness
determined.

10.2.4 If all measurements on each sample specimen con-
form to the minimum thickness requirement for the particular
grade represented, the lot shall be considered satisfactory.

10.2.5 If any measurement fails to conform to the minimum
thickness requirement for the particular grade it represents, an
equal number of sample strands, similar in appearance and
selected adjacent to the original sample strands, shall be sent to
a laboratory designated by the purchaser for the microscopic
measurement test method of coating thickness (see 10.3).

10.3 Microscopic Test Method:
10.3.1 The coating thickness shall be measured microscopi-

cally at a suitable magnification. The minimum and maximum
coating thicknesses shall be measured on each of the four
exposed surfaces, but not at the corners.

10.3.2 The average coating thickness of each specimen shall
be computed and compared with the requirement. If any
average thickness value is less than the specified thickness, the
lot represented by the specimen shall be rejected.

11. Inspection

11.1 Unless otherwise specified in the contract or purchaser
order, the supplier is responsible for the performance of all
inspection requirements as specified herein. Except as other-
wise specified, the supplier may use his own or any other
facilities suitable for the performance of the inspection require-
ments specified herein, unless disapproved by the purchaser.

11.1.1 The purchaser reserves the right to perform any of
the inspections set forth in the specification where such
inspections are deemed necessary to ensure that supplies and
services conform to prescribed requirements.

11.1.2 The absence of any inspection requirements in the
specification shall not relieve the supplier of the responsibility
of ensuring that all products or supplies submitted to the
purchaser for acceptance comply with all requirements of the
contract.

12. Packaging

12.1 Expanded metal shall be preserved and packed for
shipment in accordance with Practices A 700.

12.2 Packaging shall be supplier’s commercial practice and
sufficient to afford adequate protection against deterioration
and physical damage during shipment from the supply source
to the using activity and until early usage.
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
contract or purchase order (see 4.1.8).

S1. Referenced Documents

S1.1 The following documents shall apply only when one or
more of the requirements of S2 or S3 are specified in the
contract or purchase order (see 4.1.8): Military Specification
MIL-C-16173 and Military Standards MIL-STD-105 and MIL-
STD-163.

S2. Preparation for Delivery

S2.1 Packaging:
S2.1.1 Class 1 expanded metal shall be coated with a

preservative compound in accordance with Grade 3 of MIL-
C-16173. Class 3, corrosion-resisting steel shall not be coated
with preservative compound.

S2.1.2 Expanded metal, separated for size, class, type, and
grade shall be packed for shipment in secured lifts on nominal
2 by 4 in. (51 by 102 mm) skids. Skidding, strapping, and
maximum permissible weight of the lifts shall be in accordance
with MIL-STD-163.

S2.1.3 In addition to any special marking required by the
contract or order (see 4.1.8), marking for shipment shall be in
accordance with MIL-STD-163.

S2.2 Examination of Preparation for Delivery:
S2.2.1 An examination shall be made to determine that

preservation, packaging, packing, and marking requirements of
the applicable contract or order are complied with. Defects
shall be scored in accordance with Table S2.1.

S2.2.2 The lot size shall be the number of shipping contain-
ers fully prepared for delivery, with the exception that contain-
ers need not be sealed or closed, and noninterior containers or
case liners need not be sealed (if applicable).

S2.2.3 Examination shall be made in two phases: (1) an
interior examination made prior to the sealing of the container
and (2) an examination of containers fully prepared for

delivery. The sample unit for each phase shall be one container
fully prepared for delivery.

S2.2.3.1 The inspection level shall be S-2 in accordance
with MIL-STD-105, with an Acceptable Quality Level (AQL)
of 4.0 defects per 100 units.

S2.3 Inspection of Packaging:
S2.3.1 Sample packages and packs and the inspection of the

preservation-packaging, packing, and marking for shipment
and storage shall be in accordance with Supplementary Re-
quirement S2 and the documents specified therein.

S3. Special Government Requirements

S3.1 For Naval shipboard applications of Class 2, galva-
nized expanded metal, Grade A thickness of coating should be
ordered.

S3.2 Sampling Procedures for Visual and Dimensional In-
spection(see S3.3)—Plans A, B, or C shall be used as specified
by the purchaser (see 4.1.8). When no plan is specified, Plan C
shall be invoked.

S3.2.1 Plan A, Inspection at Time and Place of
Manufacture—The inspection shall include measuring any
dimensions of the product that are not controlled by automatic
devices attached to the process machinery, as well as checking
the controlled dimension(s) by examination of at least one-fifth
of the number of sample pieces as specified in Table S3.1.

S3.2.1.1 If this production inspection shows that objection-
able defects are present or that one or more dimensions are
outside the specification limits, the entire production lot shall
be inspected for those defects under the warehouse procedures
specified in S3.2.2.

S3.2.2 Plan B—When Plan B is specified, inspection of
manufacture’s finished stock and inspection at a warehouse
shall be completed by the purchaser. A random sample of
expanded metal sheets shall be selected from each inspection
lot in accordance with Table 5 for the inspection specified in
S3.3.

S3.2.3 Plan C—When Plan C is specified, material shall be
inspected in conformance with MIL-STD-105, Inspection
Level II, Acceptable Quality Level (AQL) of 1.5 %, unless
otherwise specified.

TABLE S2.1 Examination of Preparation for Delivery

Examine Defects

Marking (interior package or container
and exterior container as

applicable)

Omitted, incorrect, illegible, improper
size, location, sequence, or method
of application.

Materials Component missing, damaged,
defective, or not as specified.

Workmanship (as applicable) Inadequate or improper packaging or
packing, such as closure of interior
packages or containers, closure of
case liners or container flaps, taping
of seams, corners, and
manufacturer’s joint, closure of
alternate containers; base
strapping or tape banding;
inadequate stapling, bulging, or
distortion of containers.

Contents (interior and exterior
container as applicable)

Number per container not as specified

Weight (exterior containers) Weight per container not as specified
Preservation (as applicable) Preservation missing, improperly

applied or incorrect type

TABLE S3.1 Sampling for Visual and Dimensional Inspection
AQL (Approximate) = 1.5 % Defective

Number of
Expanded Metal

Sheets in
Inspection Lot

Number of
Expanded Metal

Sheets in Sample

Acceptance
Number

(Defectives)

Rejection Number
(Defectives)

15 and under 5 0 1
16 to 40 7 0 1
41 to 110 10 0 1

111 to 300 15 0 1
301 to 500 25 1 2
501 to 800 35 1 2
801 to 1300 50 2 3

1301 and over 75 3 4
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S3.3 Visual and Dimensional Inspection:
S3.3.1 Each of the sample expanded metal sheets selected in

accordance with Table S3.1 shall be visually and dimensionally
inspected to verify compliance with this specification.

S3.3.2 Any expanded metal sheet in the sample containing
one or more visual or dimensional defects shall be rejected, and

if the number of defective expanded metal sheets in any sample
exceeds the acceptance number for that sample, the lot repre-
sented by the sample shall be rejected.

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).

F 1267 – 01

6


